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A KEY TO THE HARMSWORTH SELF-EDUCATOR 

FroC this tabic of the 25 groups of the Sdf-F.ducator the stuaeiit may find the place of any subject treated 
in*' the work. The main groups appear in regular numerical order in each part of the Educator, each group 
continuing until complete. The sub-divisions of the groups appear as nearly as possible in the order of this page. 


Group 1. Success 

The Secrets of a Successful Life. Personality. Appl'ccl 
Education. Ideas. The tonalities that Win in the world. 

Group 2. Geography and Travel 

Geography. Physical, Political, and Commercial. 

Travel. Educational Travel. How to See the World. 

Group 3. Arts and Crafts 
•Art. Ideals and History ot Art. The Old .Masters. 
Drawing. Freehand. Object. Brush. Memory. Light&Shade. 
PAiNiiNG. Theory and Training. 

Design. Design in Crafts and 'I'rades. Book-decorat i. 

lihiniination. Design for textiles, wallpapers, metal Wwni. 
Sculpture. Modelling. Chiselling. Casting. 
Architecture. Theory. Styles. Training. 

Carving. Wood. Bone. Ivory. Tortoiseshell. 

Art Metal Work. A Practical Course. 

Photography. A Course of Simple Lessons with a Camera. 

Group 4. Physiology and Health 
Physiology. Structure and Working of the Human Body. 
Health. The Laws 01 Health and Person.d Hygiene. 

Group 5. Agrriculturo and Gardening 
Farming. A Practical Course in the Cultivation of the 
Earth. Livo-stock. Dairying. Poultry. Beekeeping. 
Forestry. The Theory and Practice of Managing Trees. 
Garosnino. Gardens lor Pleasure and Profit, 

Group 6. Chemistry 

Chemistry. Complete Course in Theory and Practice. 
Applied Chemistkv. The Applications of Chemistry In 
Industry. ChcmicaJ Analysis. Acids and Alkalic.s. Oils and 
Fats. Waxes. Candles. Soap. Glycerine. Volatile Oils 
and Perfumes. Paints and Polishes. Glues. Starch. Inks. 
Coal Tar Products. Wood Distillation. Celluloid. Matches. 
Artificial Manures. Electro chemistry, Water-Soflcuiug. 
Waste Products. Artificial .siJk. 

Group 7. History 

The Story of All Ages and Peoples for Over Ten Thousand 
^ Years — From Egypt and Babylon to Europe in 1914. 

GrQup 8. Civil Engineering and Transit 
Civil Engineering. Surveying. Varieties of Construc- 
tion. Keintoiced Concrete. Koads. Budges. K.ailways 
and Tramways. Water Supply. Sewerage. Refuse. 
Hydraulics. Pumps. Harbours. Docks. Lighthouses. 
Vehicles. Construction and Use. Cycles. Cabs, Buses, Trams. 
Motors. Design and Management ot a Motor Car. 
Aviation. Science and Man.igement of Flying Machines. 
Railways. The Management and Control of Railways. 
Shipbuilding. Shipping, Di-sign and Con;>tructioii. 

Group 9. Literature and. Journalism 
Literature. A Survey of English Literature and Foreign 
Classics. The World’s Gtcat Books and their Writers. 
Journalism. How to Become a Journalist. A Guide to 
Newspaper Lite. How to Write. The Journalist’s System. 
Printing. Composing by Hand ami .Machine — Linotype 
and Monotype. Stereotyping and Printing, 

Type. 1 ype cutting and Founding. 

Engraving and Etching. Block m.i king and Process Work. 
Lithography. Printing trom the Stone. 

Bookbinding and Publishing. Binding and Issuing Books. 

Group 10. Civil Service and Professions 

Civil Service. The Three Branches of the Public Services 
Of the British Empire — Municipal, National, Imperial. 
Banking. The Whole Practice ol Banking. 

Law How to Become a Solicitor or Barrister. 

Medicine. Training of a Doctor. Veterinary Surgeons. 

Dentists. Chemists and Druggists. Nurses. 

Insurance. Health. Utiemployment. Life, Fire. Accident. 
Auctioneering and Valuing. Practical Training. 
Estate Agency. Management of a Great Est.ite. 
Church. How to Enter the Ministry of ail Denominations. 
Scholastic. Teachers. Professors. Govcrne>hes. Tutors. 
Secretaries. Institution Officials. Political Agents. Lecturers. 
Libraries. Management ot Libraries. Cataloguing. 
Army, Navy, Merchant Service. How to Enter Ihem. 

Group 11. Life and Mind 
Biology. The Rise of Life. Evclution. Heredity. 
Psychology. The Mind of Man. 

Sociology. Social Conuitions. W''cU*aie of Communities. 
Eugenics. Human Betterment and IbeFutureof the Kiice» 

Group 12. Business 

Business. The Management ot a Successful Business. 

System. Simple Poliiicai Economy. 

SHorKKP'PiNG. All Kinds ot Shops and Small Trades, 
e Advertising. The Value ol Advertising. How to AdvertiM* 
' Huw to Write Advertisements. How to Get Them. 


Group 13, Physics and Power 

Physics. The Scumcp of Matter and Motion. 

Power. Sources and Uses of Power. Air. Water. V-Mnd. 

Sun. Steam. Oil. Gas. For Electricity, see Grohp x6. 
Prime Movers. Structure and Management of all Engines. 

Group 14. Bulldingr Trades 
Building. The Building Trades and Building Materials*, 
their Manufacture and Use. Building a House. Ex- 
cavating. Drainage. Bricks, Limes, and Cements. Brick- 
laying. Clay Wares. Reinforced Concrete. Masonry. 
Carpentry. Slates and Tiles. Plumbing, Joinery. Foundry 
and Smith’s Work. Painting. Papering and Glazing. 
Heating. Lighting. Ventilation. Quantity Surveying. 
Wood-working Machinery. The Machines Used in 
Working Wood : Sawing, Turning, Planing, Moulding. 
Cabinet-making and Upholstering. 

Group 18. Natural History 
Botany. Flowers. Plants. Seeds. Trees. Ferns. Mosses. Fungi. 
Zoology. Mammals. Birds. Fishes. Reptiles. Insects. 
Lower Forms ot Life. 

Bacteriology. The Story of Microbes. Bacteriology in 
Relation t-Y Health and Industry. 

Group 16. Electricity 

Electricity. Its Development and Countless Applica- 
tions. F^lcctrical Engineering. 

Telegraphs and Telephones. The Instruments and 
How to Operate Them. 

Wireless Transmission. The Main Systems and their 
Methods of Working. 

Group 17. Music 

Old Notation and Ionic Solfa. Tuition in All Instru- 
ments. Orchestration. 

Elocution and Singing. The Voice and its Treatment. 
Musical Instruments. Their Design and Manufacture. 
Group 18. Manufactures 

Iextiles. The textile Trades Ironi Bcgiiming to End.' 

Cotton. Wool. Silk. Hemp. Max. Jute. Carpets. 
Leather. The Leather Industry. Tannmg. Boots and 
Shoes. Saddlery. Betting. Gloves. Sundry Leather Goods. 
Glass. Manufacture of All Kinds ot Glass! Stained Glass. 
Earthen WAKE, the Craft and Industry of Pottery. 
Paper, i^apermaking of All Kinds. 

Kubbek. The Source and Preparation of Rubber, and 
Manufacture of Rubber Goods. 

Tobacco. Cultivation and Manufacture. Tobacco Pipes.* 
Food Supply. Milling. Breadmaking. Biscuits and 
Confectionery. Sugar, Condiments. Fruit. Fisheries. 
Food Preservation. 

Beverages. Tea. Coflee. Chocolate. Cocoa. Brewing. 

Wines and Ciders. Mineral Waters. 

Basketmaking. Cork. Wattle. Cane. Barks. Brushes. 

Group 19. Astronomy. Geology. Archaeology 
Astronomy. The Universe as We Know it. MUIioils of 
Worlds. A Survey ot the Solar System. 

Geology. Ibe Structure of the Earth. Petrology. 

Crystallography. Palieontology. 

Archaeology. Buried History. The New Story of the 
Old World as Revealed by the Excavator. 

Group 20. Mechanical Engineering 

Enginbkking. Applied Mechanics. Workshop Practice. 

Machine Tools. .Machines and Appliances. Cranes. 
Drawing tor Coppersmiths, Tinmen, and Boilermakers. 

Group 21. Languages 

Latin. Engij.sh. Fki-.nch. German. Spanish. 

Group 22. Dress and Housekeeping 

Dress. Principles ot Dressmaking. Undci clothing. 
Tailoring. Millinery. Halters. Furs and Feathers, 
Housekeeping. Domestic Management. Servants 
their Duties. Cookery, Laundry. 

Group 23. Metals and Minerals 
Metals, Metallurgy^ F'roperties and Characteristics of 
Metals. Iron and Steel. Copper. Tin. Zinc. Precious Metals. 
Metal Manufactures. Arms and Ammunition. Cutlery. 

Clocks and Watches. Jewellery. Scientific Instruments. 
Minerals. Mineralogy. Properties and Characteristics 
of Minerals. ^ 

Mining. Coal. Gold. Diamonds. Tin. • 
Quarrying. The Appliances and Processes oi Extracting 
and Preparing Stone. 

Gas. The Process ot Manufacture. 

Petroleum. Extraction and Refining Processes. 

Group 24. Clerkship 

AcrouNTANCY. Complete Training. Bookkeeping. 
Shorthand. Pitman’s System, with Latest Improvements. 
Typewriting. Working and Management ot AH' Machines. 
Group 25. Mathematics 

Arithmetic. Algebra, simple Graphs. Euclid. 1 ngouometry* 




THE EGGS OF miRTY-THREE BRITISH. BIRDS ' 




GROUP l-SUCGESS ■ THE SECRETS OF if SUCCESSI^ LIFE-CHAPTER 19 

The Part Played by Honesty, Truthfulness, 
and Faithfulness in Inspiring Confidence. 

THE WINNING OF CONFIDENCE 


'“The degree of confidence a man can win 
* and keep is one of the most accurate 
measures of his true success, from boyhood 
to the end of his career. He appears on 1 he 
scene first, let us suppose, as an office-boy 
seeking an engagement in connection witli 
some business which lie thinks will interest 
him. Whether he is engaged or not will 
almost certainly turn on whether Ih; 
establishes, by his appearance, bearing, and 
recommendations, a preliminary and tenta- 
tive feeling of confidence, a strong supposi- 
tion that he will prove trustworthy. 

Ill due course his service creates a 
firmer sense of confidence, and more and 
more responsibility is placed upon him. 
Within certain limits it is fully understood 
he can be relied on to do the work assigned 
to him’. Then the confidence broadens, and 
tl?ere comes a time when it is lelt that he 
can be made the repository of more 
intimate Imsiness confidences. He is now 
something more than a routine worker. 
He is in touch to some extent with the 
mind of tlie business. And last, it may be, 
he becomes a confid<intial servant ; perhaps 

another self " to the controlling mind 
of th(i enterprise. And so deepening 
dcj|rees of confidence Iiave been a kind of 
measuring rule for his career. How can 
this all-important progressive confidence 
be won and kept ? 

A moment’s reflection will convince us 
that a complete sense of confidence must 
be a very complex creation, to which at 
least ten or a dozen (|ualities contribute. 
For example in business wliicli is the 
^)herc we liax'e specially in mind - industry 
is an essential feature. A 'man may have a 
score of good cpialities, some of them so 
charming that he is beloved, but if he 
cannot,, or will not, apply himself to 
routine work when it is expected of liim, 
he will not inspire confiddlice. Men of 
great force of character have often allowed 
their life’s work to be undermined by 
needless , anxieties from sheer lack of 
the ordinary spirit of industry. Lord 
Palmerston is said to have once allowed 
war to break out bctwx'cn two European 


countries through .his negligence in open- 
ing despatclu‘s when he was acting as 
an intermediary, and an ambassador 
declared that he had read eight volumes 
of “Clarissa Harlowc ” in the ante-room 
of the Foreign (Xiice while waiting for t\\v, 
same Minister to keep his ap]H)intments. 

With industry, in the ordinarv" affairs 
of the world, honest v goes hand in hand. 
Without it, confidence is imlhinkable. 
Simple as honesty is, it is really one of the 
most tantalising of all the primarv virtues, 
d'o the right-minded man, a departure 
from honesty is inconceixahle. It uj)roots 
all responsibility, brings ('omi)lett' chaos, 
and by its meanness probes the depths of 
dishonour. I'lie dishonest Western man 
can have no moral fibre. Dishomst y aiul 
confidence are as antagonistic as an acid 
and an alkali. It is impossible tliat any- 
one can Ihiiik of the conditions nnder 
which confidence is sustained without 
seeing that honesty is absolutely essential. 

And yet the most amazing instances of a 
want of lionesty occur witliin every man’s 
cxperiencii. You can hardly bring together 
two Jiundi'ed people by any process of 
selection, for any purpose, however nohli*, 
or to j)nrsue any career, liowever e‘xalted. 
without having among them a thief. Xo 
reasoning, nr) moral considerations, no 
sense of expedieni^y, no worldly wisdom 
will prevent that man from being dis- 
honest. He is born unworthy of (’on- 
fidence, morally a “ fn‘ak,” and he will be 
a lailure and a disgraci* sooiua* nr later. 
'I'his type, of course, is a rarity, and it is 
only mentioned here because its (‘xisteiu'e 
should be kmnvn and aiknowledgiMl as 
a mathematical certainly, within certain 
limits. Honesty, un(|uestioning and im- 
pregnable, is one of the foundation-stones 
on wliich confidence is Imilt up. 

A third corner-stone is truthfulness. 
Truthfulness is tlu; positive side of 
honesty; that is, it is honesty taking the 
aggressive. 'I'o be materially honest, 
as with money, is not to do wToiig in 
appropriating wliat is not our own ; 
but truthfulness, syiioiu'inous with intcL 


PERSONALITY, EDUCATION, IDEAS, QUALITIES THAT WIN IN THE WORLD 

tu D 2893 



QROUP 1~ SUCCESS 


^lectiisl honesty, is much more than 
<](‘lensive. . It asserts itself with a quiet 
fearU^ssness on behalf of what it feels to 
b(‘ rifflit. No one whose word cannot 
l)e relied on can hope, to win conMenci'. 
When we have these three qualities — 
industry, natural or acquired, instinctive 
honesty, and matter-of-course truthlul- 
n(‘<s we have the foundations of a 
(haracter that is extrenu'ly likely to 
ins])ire confidence, though more qualitit^s 
are recjuired for a balanced ( haracter. 

There is, for example, fidelity to the 
people for whom, or with whom, a man 
IS working. In th(*se days of keen com- 
petition, particularly, absolute loyalty to 
the cnter])rise or business in which one is 
engaged is a condition of conunanding 
confidence. Whole-hearted service is the 
only service worth having. In some 
])o^itions this dianand for unshakc'ii fidelity 
exists long after the relation of enqdover 
and employed ceases, 'fake, for example, 
the duti(‘S ol a private secretary. Every 
])rivat(‘ secr(‘tary who is admitted to a 
large share (.>f tlu‘ confidence of any public 
man, or jiarticipalor in great business 
interests, must know facts which he has 
no right to divulge when he has left the 
service of tin' man to whom he was 
secretary. This lorni of confidence should 
be permanently sacred. Just as it is never 
right to “ go back on " a man who has 
been a friend, so fidelity in all honourable 
business r(‘la lions sliould remain un- 
touched by time. 

Here we a])proach another qualification 
for receiving confidence tlie power of 
keeping a si'cret. Every piece of Inisiness, 
from tjie smallest manufacture of some 
article of general utility, up to the most 
pregnant international dijilomacy, has its 
needs for silence, and a runaway tongue 
shuts out vast numbers of men and women 
from all positions of trust. 

A wider (jualitication than the capacitv 
for being siltmt respecting other people's 
business is the positive endowment of 
discretion. The discreet man not only 
do(?s not talk about business which the 
public has no right to understand, but he 
does not e\'eii allow the subjects which 
involve business confidences to be ap- 
proached. He wards off all inferences by 
keeping at a distance from topics on 
which he might be “ drawn.” There is no 
deception in this. Round every business 
there is an area which may properly be 
regarded as trespass so far as cither 
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rivals or the casual curiosity of the public 
are concerned, and the discreet man, 
worthy of the ( onfidence of his employer, 

knows how to keep this area from intrusion. 

• 

It is obvious, from the array of qu^^lities 
already enumerated as essential in the 
man who is to command confidence, that 
he must be a man of all-round good sense 
and capacity, with power of giving 
efficient service if he is to press on to any 
considerable’ success. Men of very little 
ability may be industrious, honest, truth- 
ful, faithful, and silent, and so far be 
valuable sc’rvants, but wdien we begin to 
reach the rc’gion when an all-round 
discretion is refpiired w'liilc activity takes 
the worker into tlu^ society of clever men, 
a substantial e(juipment of shrewd, strong 
seiis(\ joint product of brain and character,* 
is impcMati vrly needed. With this good 
seii'^e must go pluck, and there is, further, 
a vast advantage in a full share of 
sell-eon fulence, sturdy, but unolitrusive. 

Let ns look a moiiu'nt longer at these 
two last ])oints pluck and self-confidence. 
A man may have all the excellent qualities 
that have hcon named, and yet if he •is 
timid, a shirker of a straight encounter, he 
will not command the confidence (.‘it her of 
his employer or of those who have; dealings 
with him. 'fhe moment a man shows fear 
h(^ loses command of tlie situation. The 
man who is bold of heart witliout being 
aggiX'SMve or cocksure, w’lio lias enougli 
confid(‘nce in liiinself to be open, frank, and 
to admit truths (‘ven if they tell against 
tlu! case he is supporting, who is no mere 
shallow optimist, but holds with fairness 
and wdl-reasoned strength the view’s he is 
advancing, (’onquers quietly all weaker 
men. Tliey have confidence in a man wiio 
lias confidence in himself. ” 'frust your- 
self,” said Emerson ; ” every heart vibrates 
to tliat iron string.” 

If the winning of men's confidence, 
wlien analysed, is found to involve so 
many virtues, liow comes it that certain 
people sf'cm to carry confidence by storm 
long before they ran be tested in all tlu. 
particulars referred to, such as indiistry 
or discretion ?• It must be admitted that 
there are men of this type. They show 
their be.st side instantly under the stimulus 
of a])pealing to strangers. They sfi'ike 
twelve at onec. But often the jimount of 
confidence felt in them depends on how 
long you have known them, and is in 
inverse ratio to the duration of your ac- 
quaintance. The lesson they need to learn 



is not how to wift confidence, but how to keep 
it. They are very cliarming for a while, and 
then there emanates from them a sensi^ of 
instability. You begin to find out weak- 
nesses ftiat were not expected, instead of 
discovering signs of strength tliat were not 
immediately apparent. And so confidence 
gradually slips away, and another ac(]uaint- 
ance is added 
to the list of 
menwhoarenot 
to be altogetlier 
trusted. 

How does this 
1 a m e n t a 1) I (‘ 
state of things 
(x'eiir? That it 
i s sometimes 
postponed is 
not remarkable, 
lor the crises 
that renlly try 
men are onlv 
(Micoiintered at 
distant intt'i - 
vals. You inav 
ki^ow a mod 
assidiiouswork 
er for years 
before proof :n - 
rives that lie is 
likely to fail you 
at a pinch. A 
certain ])ropr)r- 
tion of Very 
worthy pco|)le 
are like a sliip 
that drags its 
anchors in a 
storm. They 
have anchors, 
and they put 
tliem out, but 
the anchors do 
not hold. They 
may be \y an ting 
in pluck, in 
^j esource, in 
dnsigdit, if difli- 
culties of great 
and unknown 
dimensions 
gather round 
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^ . and the limits 

effident help become clearly defined. 

One rattier interesting and curious type 
is the man who always needs to be stimu- 
lated to do his best, and then will do it 
faithfully. He must be cheered up " 
before he becomes soundly trustworthy. 
Very likMy he is an amiable man, and 
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ready to fall at once into slack ways. Or 
he may be a timid man, and insliiK'tivelv 
shirk tile battle, yet haw such a couth med 
conception of the ]xirt played 'oy coinage, 
or such a deeply rooted heliei in some 
cause, that when he is told phiinly that 
this is tlio lioiir wIkmi lie mu'^L play the 
man lie will do it, and lie as faitlilul as 
■ men of gi eater 
! natural brav- 
i t‘r\' or a ck^arer 
original insiglit. 
No one can Iim*! 
iniK'li confi- 
in him if 
lu‘ bii left to 
follow liis in- 
clinations, for 
he w ill tak(' tlie 
easy ]>atli witli 
out botluning 
as to its (lest iii- 
atioii; but whiui 
Iu‘ has been iii- 
‘-triictc'd and 
brongiit into 
line, and mack; 
to S(‘(' the true 
bearings of tin? 
('ontt'st, lu‘ will 
be as sturdv a 
heiu'liman as 
call 1 h‘ found. 
hAvrybody who 
has had inti- 
mate dealings 
with nu'ii en- 
gaged in public 
alfaii's, for in- 
stance, knows 
w(‘ll tlu‘ man 
v\Iio must be 
put on his met- 
tle every time 
it lu' is to be 
ti lifted. Audit 
is so in 
iK'ss. 'I Ik.m i' are 
many men ad- 
mirabU^ faith- 
tiil when tji(‘y 
are w’ell lookcxl 
after, but, standing alone, are on a some- 
what slippery slope. 

Of course, the relap^j? from lx ing w'orthy 
of confidence to Ina'ng miw\>rfhy oi it 
comes most frcijuentiv throiigii allowing 
the various virtues we lia\'ti considered to 
be slowly undermined. The man who was 
industrious slackens in his work hw; a 
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variety of reasons, perhaps because pros- 
perity causes a weakening of fibre ; the 
fine instinct of faithfulness is sapped by 
seeing* how common it is for men to be in- 
different on the score of fidelity ; even 
truthfulness may be tampered with by a 
desire to be usefully accommodating ; and 
discretion and the ]){)wer of silence may 
give way before the garrulity of iiK'reasing 
age. Ail these tendencies mean that the 
onlookers are gradually lowering their 
leeling of conlfdence in the man who is either 
degenerating or showing himself in his true 
character ; and confidence has to be strenu- 
ously kept as well as strenuously won. 

'fhe sinipl(‘st and surest way of losing 
confidence is to be a " blab.’' ('ertain men, 
and perhaps more women, cannot know 
anything which tliey do not tell. Any 
knowledge that would appeal to curiosity 
is to them an intolerable Inirden. If they 
do not unroll it before the eyes of the 
public they must hint at it, and give it 
away l)y giving themselves away. A re- 
markable instance of this is given in Mr. 
W. H. Hudson’s charming book " Birds 
and Man.” He tells how he went on an 
ornithological outing in a southern county 
with a band of enthusiasts, headed by a 
well-known man who occupied a foremost 
position in the county, and was, like th(^ 
rest, keenly interested in the pn^servation 
of rare species of birds. As they walked 
jind talked, Mr. Hudson iiKpiired whether 
tlie Hartford warbler was. known to still 
breed in the county, and was assured that it 
was entirely extinct. Shortly after another 
well-known local naturalist, who had 
overheard the conversation, drew Mr. 
Hudson aside, and explained to Iiim that 
there were Hartford warblers in the 
county, and he could show him where 
they were, but they were obliged to con- 
ceal the fact from the president of tlieir 
Bird Protection Society, as they knew that 
he could not refrain from talking about 
it, and thereby lead to the destruction of 
tlic birds they wished to preserve, fn this 
case the society had an organised want of 
confidence in its garrulous president. 

As an offset to the man who wins con- 
fidence too readily and fails to keep it, one 
may introduce the rather pathetic figure 
of the man who by his qualities deserves 
to command confidence, but does not look 
as if he did. Many who begin their 
career with a reasonable ambition find 
quickly that they are handicapped by the 
want of a good appearance, a sufficiently 
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assured bearing, the power** of looking the 
whole world in the face wdth self-possession 
and without aggressiveness ; and this con- 
sciousness of not making the J)est of 
themselves weighs them down, particularly 
when they see more assertive but less com- 
petent people pass them in the race. This 
is a mental attitude that should be resisted 
to the utmost, for it must soon undermine 
self-respect. Once allow it to get the 
mastery, and you will have the air of a 
beaten man. After that you can only 
hope to win confidence by inches if you 
win it at all. Meekness is for inside 
spiritual use rather than for outside wear. 

One way of studying the phenomenon 
of human confidence, universally given 
and lastingly retained, would be to take 
the most conspicuous example from his-’ 
tory. Who could be chosen ? Could there 
be a more perfect instance than the great 
Huke of Wellington found in any land or 
age? His life was passed as a centre of 
controversy. His chief dilliculty as a 
soldier was not that he had to struggle 
against the might and magic of Napoleon, 
but that at almost evc'ry stage he w^s 
harassed by political dissension while he 
was lighting the Ixittlc of Europe against 
the unscrupulous military tyranny of the 
lu'cnch usurper. His latcn* life was passed 
in the very centre of national strife, and 
his personal sympathies were all against 
the successful movements of the second 
quarter of the nineteenth century, and yet, 
at all times, he commanded the confidence 
alike of the men who agreed with his views 
and the men who detested them ; and 
when he died the sense of loss of a man 
who had been trusted by everyone was 
overwhelming. 

It may be questioned, indeed, whether 
history affords another instance that is quite 
so complete in its universality. There was 
a massiveness in Wellington’s sense of 
duty, in his magnificent disintere^edness, 
in his fearlessness, that was a strength and 
comfort to every member of his race. 

Ricli in saving common sense, 

And, as the greatest only are, 

In liis sknplicity sublime. 

This supreme example of national con- 
fidence was built firmly upon Wellington’s 
essential qualities of character, all of wfiich 
centiTd on the idea of duty ; an(3 in every 
department of human activity a willing 
submission to that idea may draw upon 
us a confidence that will light our way to 
success. JOHN DERRY 



flIMUP 2-fiEQjSRAPHY AND TRAVEL * A SURVEY OF THE EARTH-CHAPTER 19 

The Trans-Siberian Railway. Russia on the Pacific. Caucasia 

and its Oil. Arabia, Persia, Afghanistan, and the Borders of India. • 

RUSSIA IN ASIA 


T he ever-growing Empire of Russia in Asia 
includes the vast region of Siberia, the 
maritime district of Amuria, bordering th(» 
Pacific, Transcaucasia, or the highlands botw'oen 
the Caucasus and the Armenian highlands, and 
Transcaspia or Russian Turkestan, th(i steppe- 
lands cast of the Caspian. 

Siberia. Siberia resembles Russia in con- 
figuration and climate. It is a vast plain, eipial 
in area to the whole of Europe, rising in the soul li 
.and east to the highlands of (Central Asia. Thesis 
give rise to great rivers- the Ob, with its 
tributaries, the Ishim and the Irtisli ; tlie 
Yenisei .and the Lena, which flow north across 
Liberia to the Arctic Ocean. They flow through 
highland scenery in their upper courses, enu'rge 
into the steppes at their northern base, (toss the 
taiga, or primaeval forest, and then creep slug- 
gishly across the tundra to the sea, which they 
enter by groat, marshy estuaries. All are iei'- 
bound for months in wintt'r, and great floods 
occur when the frost breaks uj) in spring. Navi- 
gation is important only during the short 
Hiynmer, and settlement along the rivers is 
proceeding somew'bat slowly. 

The climate of Siberia is everywhere oxtrem(‘, 
especially in the east, where the nortluTii limit 
of cereals is nearly farther south than in 
Western Siberia. The summers are hot, especially 
in the east. In Eastern Siberia barley can be cut 
two months after sowing. 

A Country of Vast Natural Resources. 
The natural resources of Siberia, though as 
y(4 little develo])ed> are very groat. The 
rich, black earth of Russia is continued into 
the steppes of Sibc^ria, wdiich are destined to 
become one of the gre.at wheat -lands of the 
W'orld. Russian authorities claim that nearly all 
the land south of 60° N. wall bo found suitable 
for cultivation when the forests are cleared and 
the marshes are drained. Wheat is grown on the 
rielier and other cereals on poorer soils. Stock- 
keeping and d.airy - farming are ('xtreinely 
important both in the ste])pe8 and in the rich 
meadows. In the forest clearings moat and butter 
of excellent quality are important exports. At 
present much of the richest land is too far from 
markets to bo prolitably used, but with better 
means of transport the prosperity of Siberia wall 
increase rapidly. 

North of the agricultural zone are the forests, 
rich in fur-bearing animals, atid possessing in 
their timber a source of permanent wealti). 
Minerals, including gold, arc abundant in the 
highlands, but coal seems to be scarce, and w'ood 
is the chief fuel even on the railways. Popula- 
tion is stiirscanty. Towns arc few, though new 
ones are springing up at central points of com- 
munication with a rapidity equalled only in the 


Western Ignited States. All arc distinguished by 
a combination of show and squalor, tim^ hotels 
and cafes lighted with electric light opiming rin 
to un}).aved streets resembling muddy lanes. 
Most of them lie on or near the (4reat Siberian 
Railway, th(^ first sod of which waas cut by the 
Tsar in 1891. 

The Trans»Siberian Railway. A h w 

miles beyond Zlatoust, in the Urals, wdth small- 
arms faetorii's, tlu‘ train enters Asia, the spot 
being marked by a finger-j)ost, pointing W(‘st 
to Europe and east to Asia, (ilielyabinsk, the 
iirst important station, wdiieli has rapidly grown 
from a small posting-station into a large town, 
is the junction of a line to Kkaterinburg, wdiieli 
joins the line to Piani and St. Pettasburg. 
Kor mairly a thousand miles the lino crosses an 
almost treeless plain, dotted wdth occasional 
birch clumps, and ehitdly di'voted to cattle- 
rearing. The stations are some' 20 or 90 miles 
apart, and generally some distance frt)in the 
towai or village from which they take their 
name. 'L'owaaids the (aid of the S(.*cond day the 
travelha* begins to notic(‘ the Kirghiz inhabitants 
of the ste})p(‘, eilbia* riding after their flocks and 
heads or evaai taking tludr seats in the train. 
Th<‘y ar(‘ dressed in long, slu'cpskin coats, with 
high, red leather boots and fur-trimmed caps, 
and their bowa*(l K'gs 1<*I1 of a life siuait in the 
: addle. The towns of Kurgan on the Tobol, 
Petropavlovsk on the Ishim, and otlaas are seiai 
in the distane(‘, and at last the train reaelu's 
Omsk, on the Irtish, the capital of the steppes. 
Omsk is ill a staise the boundary betwaaai Kast 
and West. 

East of OmsK. From places east of Omsk, 
wheat, barley, rye, oats, meal, skins, and (‘vimi 
dairy luoduei*, trend eastward, to supply the 
needs of newer setthamaits, but from Omsk th(‘y 
bi'gin to flow' W'C'st, to St. Petersburg and Moscow', 
riorthwaird by th(‘ riv^as to the Arc^tie ports, 
southwaiid te» Odessa, and by earavaiis to (Vaitial 
Asia. The Ob is erossial by a bridge half a mih^ 
long, some 60 miles abov(‘ Tomsk, a univiasity 
town, which is reached by a branch line. Trees 
now' become mon‘ iiiinKaous, and soon the train 
plunges into the forest, through whicJi it runs for 
iiundreds of miles to Krasnoyarsk, on the 
Yenisei, in the centre of a mining district. 

The land is now' steadily rising to the highlands 
njurid Lake Baikal, 42 miles w(‘st of Avhieh, on 
the Angara, is Irkutsk, Uk? largest city of Silxaia, 
w'hich is naielied oil the fourth day after leaving 
the Ob. It has tine buildings, excellent teeliiiical 
and other schools, and important gold-smelting 
works. Beyond Lake Baikal the line runs 
through varied scenery to (fliita, the capital of 
Transbaikalia, near w hich a branch divaTges to 
the Amur Valley. The main line continues south- 


PHYSICAL, POLITICAL, & COMMERCIAL fiEOGRAPHY, WITH EDUCATIONAL TRAVEL 

23^7 



GROUP 2—OCOQRAPHY 


, .east iato Manchuria, and roaches Harbin, in 
the centre of a district whose fertility amazes 
every •traveller. “ Masses and niass(is of millet 
extend ^lile after mile as far as the eye can see, 
occasional clumps of trees looking like little green 
dots in a bronze- brown sea, and the villages them- 
selves being half buried in the surrounding crops.” 

From Harbin the traveller can go east to 
Vladivostok, or continue his jouniey south. , For 
two days and nights he steams through crops 
such as are in all probability to be seen nowhere 
else in the world, passing Mukden, the capital, 
and reaching his journey's end on the shores of 
the Pacific, at the great military and naval base 
of Port Arthur. From Mukden lines run south to 
Peking and through Korea. 

The Siberian Line in Winter. In 

winter all the traveller sees is leagues of snow 
on every hand, half burying the scattered 
villages. “ Water for the stoves and the train 
has to be brought hot, lest it should freeze on 
the way, and men at . . 

the stations have to 
chop off ^ long^^icic^ ^ 

|ire ^nec^ssary in ^ ^ 

drawn by chiefs sist- syxMBOLICAL sculpture on the albert 

ting out for Taahkend mkmobial in London. 

m Turkestan. 

The southern steppes of Siberia on either side 
of Lake Balkash and in the basin of the Upper 
Irtish are much hampered by the dry and extreme 
climate. Sandstorms devastate the country in 
summer, and blizzards in winter. The chief 
occupation is the rearing of live-stock— sheep, 
horses, cattle, camels, and goats. The largest 
town is Sernipalatinsk, on the Irtish, com- 
municating by that river with Omsk, on the 
Great Siberian lino. 


of Ibo Amur, which separates Russia from China. 
This river (2700 miles) gives a route to the 
Pacific opposite the mountainous island of 
Sakhalin, now partly Japanese, while its right 
bank tributary, the Sungari, has greatly aided 
Russian designs on Manchuria and a warm- 
water port, the latter frustrated by the -loss of 
Port Arthur. Blagovestchensk, with 80,000 
peof[3lo, the administrative centre, has steamer 
communication with Stretensk in Transbaikalia, 
Nikolaiovsk, the port of the^ Amur, and Lake 
Khanka, a feeder of the Usuri, a right- bank 
tributary. The Amur is closed by ice from 
November to April, as is also Vladivostok, 
Russia’s magnificent harbour and naval station 
in Southern Amuria. Agriculture in the rich 
valleys of the Zeya and Barcya, left - hank 
tributaries, gold-mining in fhc v'*‘tanovoi high- 
lands, hunting in the grcvit forests, and fishing 
in river and sea arc the occupations of a scanty 
population living in villages some 20 miles apart. , 
Caucasia. Cau- 
pasia occupies the 

JLPTURE ON THE ALBERT l^otli are rich valleys, 

N LONDON. growing mulberry, 

vine, maize, and 
a number of other fruits and cereals. 

South of these valleys the land rises to the 
Armenian plateau, which is separated from 
Persia by the deep valley of the Araxes. The 
summers are everywhere hot, but severe wintorf? 
are experienced in the highlands. The rairjiall 
is heavy in the west and extreme south-^ost, hut 
much of the oast is arid. The cultivation of 
cereals, cotton, vine, and tobacco are important, 
with cattle-rearing in the higher pastures, but the 


Russia on the Pacific. The Pacific slope "cheat a^saet is the petroleum region around Baku, 
of the continent is Russian from Kamchatka An Oil City^ Baku is built on the shores of 
to the Korean frontier. The moimtaiiioiis the Caspian, and has .been described as follows ; 
peninsula of Kamchatka, with snow-peaks as “If there were no oil, there would be no Baku, 
high as the Swiss Alps, has a dozen active and In addition to the Baku of lofty houses, good 
many extinct volcanoes. The winters are long shops, and spacious streets, there is Black Town, 
and cold, the summers short and not warm, where thousands of tons of crude oil are daily 
A little agriculture is possible in the interior, reduced to korosine, benzine, lubricating 0iJ,,and 
but for the most part the inhabitants are occu- residues for fuel. There are. vast forests of der- 
pied in hunting for animals and in fishing, ricks^ under which arc carried on those opera- 
Thc richest part of Pacifici Russia is the basin tions of boring and pumping which disgorge the 
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'^wcaltA-bringing oil from the bowels of the earth. 
Balakhani, with its 2000 derricks, packed as 
close as trees in a forest, is one of the weirdest 
sights 1 ever beheld. 

“ I stood and watched the rich, dark green 
fluid, with its pink, glittering froth, being dis- 
charged by the great baler of one of the borings, 
an implement which raises upwards of 100 tons 
of oil a day. A spouter often blows the derrick 
to matchwood, but it throws up anything from 
7000 to 10,000 tons of marketable oil, worth from 
£350,000 to £500,000, in 24 hours.” 

An Inflammable Region. The soil of this 
region is so logged with petroleum that inflam- 
mable gas is constantly escaping from the surface. 
It is literally possible to set the Caspian on fire in 
places, and, by poking a stick into the ground, 
to set free enough gasijto light a flame several feet 
high. Baku oil goes all over Europe and Asia, 
and gives Russia a cheap fuel for the Caspian and 
Black Sea steamers and the railways on either 
side of the Cas})ian. 

Russian TurKestan. The Russian posses- 
sions oast of the Caspian and south of ^iberia 
consist of waterless deserts of sand round the 
Caspian and the Sea of Aral, passing into steppes 
as the land gradually rises towards the moun- 
tains of Central Asia. The region forms an 
immense basin of inland drainage, 'fhe great 
Amu Daria and Syr Daria flow to the Sea of 
Aral, while others flow to. Lake Balkash and 
smaller lakes. Where irrigation from any river 
is possible, an oasis — large or small-- can be 
made, in which cereals, fruits, and cotton grow 
luxuriantly. Russia is devoting great attention 
to the cultivation of cotton in h(T Central Asian 
possessions. 1 1 is the staple product of Ferghana, 
f he fertile region at the base of the Tian Shan?' 
watered by the Upper Syr and its feeder, the 
Naryn. Here are situated the chief towns of 
Russian Turkestan, linke<l by the Transcaspian 
line with each other and with Europe. 

The Transcaspian Railway. The 
traveller starts from Krasnovodsk, on the 
Caspian, a desert town which distils all its 
water from that bnickish sea. For niany hours 
the train runs across the desert between low 
hedges of sand- loving plants, planted to prevent 
the sand drifting deep over the rails. At long 
intervals it posses Askabad, near the Persian 
frontier, and Merv, created by the Murghab, 
which consequently runs, dry before it reaches 
the Amu or Oxus, both oases in an all-surrotmd- 
ing sea of sand. The Oxus is crossed by a bridge 
a mile long, and the train plunges across the 
desert to Bokhara, which owes its fertility to 
the innumerable canals into which the Zerafshan 
is diverted. 

The country gradually becomes less arid 
towards Samarkand, on the Zerafshan, once, 
like Bokhara, a world-famous centre of Moham- 
medan learning, and still with some fragments of 
its former splendour. The line now enters the 
Ferghana region, watered by the Syr and its 
tributaries from the south, and passes Andijan, 
in the centre of the cotton country, Chemayeve, 
the junction for Tashkend, the chief city of the 
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Upper Syr, Khokand and Marjilan. Prom Tash- 
kend a line runs across the Khirgiz steppes to 
Orenburg, whore it connects with the European 
network. A line is projected to the wheat dis- 
tricts of Siberia that Ferghana mayobtaii^heap 
food, and devote its rich soil exclusively to 
growing cotton for the Russian textile industries. 

Turkey in Asia. Asiatic Turkey lies west 
of a line drawn from the eastern end of the Black 
Sea to the Persian Gulf. Much of the surface 
consists of highlands with valleys which are 
fertile under irrigation, but lapse into desert 
ivhere this is neglected. Of the famous cities 
of Greek and Scrij)tural history little re;nains 
but the name, and the whole region is in a back- 
ward and neglected condition. The great penin- 
sula of Asia Minor, separating the Black Sea 
from the Levant c'lid of the ileditcrrancan, is 
a plateau averaging 3000 ft. in height,- but much 
higher in the south, where the Taurus Mountains 
rise to nearly 10,000 ft. The famous pass of the 
(Jilician Gat(‘S leads down to the fertile plains 
of Adana, watered by the Jiluin and Seihun, 
and growing mueh cotton. The j)ort is Tskan- 
derun, in tlic angle between Asia Minor and 
Syria. On the {)lat(;au sheep and goats are 
kept, the wool and hair being made into carpets, 
and the skins into leather. Tn the valleys 
wheat and vines are grown, and dried raisins 
and ligs are important ex])orts. The ports gwe 
Trebizond, Samsun, and Sinope, on the Black 
Sea, and Smyrna on the Mediterranean. 

Turkish Armenia. Turkish Armenia lies 
east of Asia Minor. The capital is Erzerum, 
a centre of caravan trade, on a fertile ])lain 
watered by the Kara Su branch of the Euphrates, 
which rises in the Arriienian highlands. The 
elevation makes the winter severe on the pastoral 
highlands, while in the valleys, where cotton, 
tobacco, cereals, and fruits are grown, the 
sumnuTs are intensely hot. 

Mesopotamia. The Euphrates, which, 
with its tributary the Tigris, drains the 
Armenian highlands south to the Persian Gulf, 
has its upper course in picturesque defiles 
through the highlands. It then enters the 
alluvial plains of Mesopotamia, once the garden 
of the world, and the seat of the famous i)ower 
of Nineveh and Babylon. The whole of this 
region has lapsed into a bare waste, with indif- 
ferent pasturage, where a scanty population ekes 
out existence on lands which once fed millions. 
Baghdad on the Tigris, once the centre of all 
commerce between the Mediterranean and the 
Persian Gulf, has still considerable trade. Ex- 
cellent dates are grown round the Pessian Gulf 
and exported from Basra. Large irrigation 
schemes are projected, and a railway irom the 
Asia Minor lines is being built to the Persian Gulf. 

Syria and Palestine. West of ' the 
Euphrates lies the Syrian desert.* continued 
south by that of Arabia. The Mediterranean 
littoral of Syria and Palestine receiving winter 
rains has been, and might again be, extremely 
fertile, producing all Mediterranean fruita and 
cereals. East of the Lebanon mountains are 
Aleppo, on the trade route from the Persian 



Gulf by tho Euphrates towns to Iskanderun, and 
Damascus, the capital of Syria, and one of the 
oldest cities in the world, a green spot on the edge 
of the dbscrt made fertile by the Abana. Haifa 
and B^.irut, in Palestine, are ports on the Medi- 
terranean. Jerusalem, the capital of Palestine, 
west of the Jordan, which flows to the Dead 
Sea, is sacred to Christians for its religious 
associations. A railway follows the pilgrim 
route from north to south, and lines join Damas- 
cus to Haifa and Beirut, on the Mediterranean. A 
railway also joins Jerusalem to the port of Jaffa. 

ARABIA 

The tableland of Arabia, averaging .*1.500 ft. 
in height, rises to 10,000 ft. in the south-east, 
and is only 1000 ft lower in the peninsula 
of 8inai in the north-west. It is one of tho 
■ driest regions in the world, with cold winters in 
•the higher parts and hot summers. Much 
of it is sandy or ston^^ desert, but those vall<‘ys 
which have running stri'ams are very fertile. 
The date is widely grown, and coffee, gums, 
and spices are produced in the fertile parts 
of Southern Arabia. Where pasture is good, 
the keeping of animals is very important, and 
the horse and camel are elosely bound up with 
the life of the Arab, who is still a w’underer, 
dwelling in tents, which are made from the 
w^l and hair of his flocks by the women of his 
family. The ports are Jeddah ami Hodcida, on 
the R(‘d Sou, and Oman on the Persian Culf. 
Pilgrimages are mad(' to Mecca and Medina, 
which are to Mohammedans what Bethlehem 
and Jerusalem arc to Ohristians. Aden, in the 
extreme south-w'est, amid burnt-up surround- 
ings, is British. Much of Arabia is ruled by 
independent nativ^e chieftains. 

PERSIA 

Persia (028,000 sq. miles) is a plateau 0000 to 
7000 ft. high, sinking steeply to the (Jaspian in the 
north, and to the Persian Gulf in tho south, 
with narrow coastal plains along these seas. 
The nortlicrn margin of the plateau is formed by 
tho Elburz Mountains, with Demavend (18,000 
ft.) and other lofty peaks. Tn the extreme north- 
west, on the Armenian frontier, is Ararat, almost 
as high. Most of the surface of Persia is treeless, 
and there are large arocas of salt desert. The 
rivers are short, and few reach the sea. Tho 
climate is extreme and the rainfall scanty. 
Snow falls on the western mountains in winter, 
and, melting in spring, fills tho dry river-beds, 
supplying water, which is distributed by under- 
ground canals to prevent loss by evaporation, 
for the purpose of irrigating th^ lands round the 
villages during the hot, rainless summer. The.so 
villages make little islands of verdure in the 
broyn, parched landscape. In their oi'chards 
ripen the vino, olive, poach, apricot, nectarine, 
pomograna^, fig, almond, and other fniits 
equally delicious. In the valleys of tho north- 
west wheat grows ripe up to 9000 ft., and rice 
is much cultivated around tho Caspian. Cotton 
is also grown. Tho staple products, however, 
are wooUand hair. Persian rugs and carpets 
are famous all over tho world. 


QflOUP 2 QBOQpAPHV 

Persian Towns; The towns of ^Persia 
are often separated froui each other by many 
days’ journey over mountain and desert. As 
might be expected in sikJi a country, the roads 
arc few and bad. From B-esht, the Caspian 
jx)rt, a roiit(' climbs the wet, forcstc'd northern 
slopes of the Elburz to tho dry, arid southern 
slopes, at tho base of which, on the ])Iateau, 
is Teheran, the capital. Another important 
northern town is Tabriz, in tho region salt 
lakes, south of the Aras. K<u-manshah, further 
south, trades with the Euphrates towns. On 
the Persian Gulf are Bushire, Bandar Abbas, 
and other ])oi*ts. Ispahan, Yi*zd, Kerman, and 
Shiraz, with its rose-gardens, are inland towns. 
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TTIE FRONTIER OF INDIA 


Near the Russian frontier is Afeshed, which eould 
easily b(5 connected by rail with tho Trans- 
caspian line. 

AFGHANISTAN 

Afghanistan is a higher, bleakcT land than 
Persia, rising towards the lofty Pamir ])lAtcau, 
the Hindu Kush, and tlu* Suleiman Mountains. 
The climate is extnuno. In summer the valleys 
arc intensely hot, and two harvests can he 
reaped — one of wheat, barley, and lentils, in 
spring, and one in auturun of riei*, cereals, fruits, 
and tobacco. The roads arc of the roughest 
description, and tho camel the only ] rack-animal. 
The people are hardy, lit'rce mountaineers, w'hose 
main occupation is the kecjung of animals on the 
pastures of their steep mountain valleys, down 
which rush the torrents fed by tho snows of the 
mighty mountains above. Those tlowung north 
find their way to the Oxus ; the Kabul River 
flows east to tho Indus. 

The route from India, after travei*sing the 
Khaibar Pass, follows this river to Kabul, the 
capital of Afghanistan. The Helmund flows 
west by Kandahar to the morci arid portion of 
the country, losing itself at last in a lake of 
considerable size. Far1hc‘r north is the Hari 
Rud, with Herat, to which a branch of the Trans- 
caspian line is projected. 

A. J. AND F. D. HERBERT80N 
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• A First Lesson In Object Drawing. Measuring. Light and Shade. First 
Principles of Perspective. Instruments in Practical (ieometrical Drawing. 

MODEL DRAWING & GEOMETRV 


Model or' Object Drawing. When a 
person wishes to make a drawing of any real 
object, he has many difficulties confronting him, 
wliich he did not have in freehand from the flat 
copy. He has now to give the representation 
of an object in the “ round,” on a flat surface 
of paper or canvas. Therefore his perceptive 
faculties will need still further careful guidance 
with reference to how to see an object, whether it 
bo its apparent form, tone, or colour. 

At present we shall deal chiefly with the 
apparent form, leaving tone and colour until the 
student is more advanced. It will be noticed 
that we have spoken of the apparent form of 
an object, and this is the first great stumbling- 
block to all beginners in object drawing. They 
so very often draw the real instead of the appa- 
rent shapes, and then cannot understand why 
their drawing does not appear like the object. 
There are so many optical illusions with regard 
to the appearance of an object, that, without a 
thorough method of explanation of how to see, 
the student is bewildered and sometimes gives 
up in despair. 

Two Important Rules. There are several 
rules which will bo helpful, but the two most 
important are : 

1. Draw the apparent shape of an object, and 
not what you know is the real shape. Occa- 
sionally it happens that the apparent is the samo 
as the real shape of an object, but still the 
above rule holds good. 

2. In any objects, those edges which are really 
parallel to one another, and recede from the 
spectator, always appear to converge to some 
point. 

For explanation of the first rule we will 
take a circular hoop made of thin stiff wire, 
so that wo can neglect its thickness. If the 
hoop bo placed in a horizontal position on 
a level with the eyes, tlie student will see an 
appearance like AB in 17. That is, a straight 
line must be drawn for the representation of a 
circle in such a position. This, to a beginner, is 
incredible at first, but he can easily prove that 
the apparent shape of the circle is a straight line, 
by holding horizontally, and on a level with his 
eyes, the straight edge of a ruler l^etween his 
eyes and the object. He will observe that the 
real curve of the hoop appears to lie exactly 
straight and level with the edge of the ruler. 

If the hoop bo placed still in a horizontal 
position, but this time hehw the eye level, the 
student will see a shape like the ellipse CFDE 
in 17. Here the distance KF is apparently 
much less than CD, but in reality they are equal. 
When the hoop is placed further below the eye, 
and still in a horizontal position, an ellipse of 
difTeront proportion is seen as indicated in GLHK 


in 17. Again placed in a horizontal position, 
but above the eye level, an ellipse like MPNO 
will be soon. Moreover, if the distance above the 
eye level is just the same os that below, and 
the hoop is exactly the same distance from the 
observer, this ellipse MPNO is the same size in 
every respect as the ellipse CFDE ; but it must 
be remembered that the apparently upper curve 
MON now represents the nearer part of the loop, 
and MPN the f urther part, whereas, when below 
the eye level, CFD represents the nearer part, 
and CED the further. 

If the hoop is placed higher still and hori- , 
zontally, an ellipse like QTltS will lie seen, and 
‘this will lx> exactly the same size as OLHK, if 
: the respective distances, above, Ix^low, and from 
the oyo are kept equal in each position. The 
student should also observe that tlie major axes 
AB, CD, Oil, MN, and Qlt are always the 
same length, at whatever level (within the field 
of vision), if the hoop is placed at the same 
distance from the spectator, but the minor axes 
vary in length. The gt^neral tendency of all 
beginners is to make these minor axes too long. 

The Cube. We will now take a cube as an 
exam])lo for more fully explaining the first rule. 
It is well knowm that each of its six faces is really 
a square, but it is, of course, quite impossible to 
see all these faces as squares at the samo time ; in 
fact, if we use an opaque cube, we cannot see, at 
the same time, more than one face as a square, 
and this only in a particular view. More often 
all the visible faces are nearly, but not quite, 
parallelograms. Look at 18 (which is the correct 
representation in outline of a cube when viewed 
from a particular point), and it will be seen 
that the faces B and C, more especially A, are 
not squares in this representation, for the angles 
are not right angles, the four sides of each 
surface are not equal, nor are certain pairs of 
opposite 8ide.s parallel. That is to say, by 
drawing the apparent shapes of really square 
surfaces, we obtain, as far as outline alone can 
give us, the true appearance of the object. 

A really square face may even bo represented 
by a line only, as for the top surface of cube in 
19, which is the appearance of the cube when 
placed upright, so that its top face is exactly 
level with the eye. In looking at 20, we do not, 
at first, realise that it is the repi'esenflktion of a 
cube, but it is tno appearance of it when it is 
placed in a vortical position, and the student is 
looking at it so that a straight line drawn from his 
eye to the centre of the visible face of the cube 
would be at right angles to that surface. He 
can thus see only one face of the oube, whioli 
appears as a square in shape. The student 
should now study other different appearances of 
the cube in various positions, as shown in 21, 22. 
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and 23. The last figure is the appearance of the 
cube in a certain upright position above the eye 
level. 

It oft^n happens that a short line must be 
drawi^for a long edge of an object, and a longer 
one for a short edge. Figures 24, 25, 26 and 27 
are the outline repres(»ntati()ns of an ordinary 
drawing-board in various positions. In 25 and 
27 it will be noticed that the Ion// edges, AB and 
CD, of the board are drawn shorter than the 
short edges AD and BC, In certain positions 
those different edges may appear equal. 

The eye is so easily deceived by what we know 
is the real length or size of an object, that our 
judgment is misled. Therefore we must have 
a means by which we can prove whether the 
judgment is correct or otherwise. The student 
must consistently persevere in first judging 
carefully with the eye alone, and afterwards test 
by measuring with a |ieneil held between the 
^yc and the object. With regard to the method 
of holding the ptuicil for making tests, there are 
one or two important facts to be kept in mind, 
otherwise the test is worse than useless. The 
pencil must always be held at full arm’s length, 
and at right angles to a line drawn from the eye 
to the object viewed. 

Measuring an Object. To be convinced 
of the necessity of this, the student should hold 
tlje pencil as just advised, and measure on 
it the apparent length of some horizontal 
or vertical straight edge, which is at some 
convenient distance from the eye ; then, re- 
maining at the same distance from the object, 
let him lK.*nd the arm a little, so as to bring 
the pencil nearer the eye, and measure the 
same edge, again. He will find that its apparent 
length is now shorter than it appeared before. 
Again, let him bend the arm a little more, thus 
bringing his pencil still nearer to the eye, and 
once more measure the same edge. It will Ik) 
found to appear shorter still. Thus the apparent 
length of the edge, as measur(?d by means of the 
pencil, varies according to the distance at which 
the pencil is held from the eye. Therefore if, 
consciously or unconsciously, he holds the pencil 
at different distances from the (*ye, when com- 
paring the apparent sizes of objects, he is making 
useless tests at different scales of measurement, 
ho has no fixed standard, and is making the 
same kind of mistake as would made by 
a person drawing a map of England, and using 
a different scale for each county, beginning 
with Northumberland at the scale of one inch to a 
hundred miles, then Durham at three-quarters 
of an inch to a hundred miles, Yorkshire at half 
an Inch to a hundred miles, and so on. The 
map, of course, would Ixi wors^than useless for 
judging the relative sizes of the counties or 
the distance from a town in one county to that 
in another. 

It is veBy difficult to judge when the pencil is 
held at a tonstant distance from the eye when 
the arm is bent, but it is easy to know when 
the arm is at full stretch, and thus a fixed 
standard of scale is easily established for making 
accurate comparison of the relative sizes of 
objects. * 


Light and Shade. The light and ffhadc. • 

which must necessarily Ix^ visible in any object, 
is a frequent cause of deceiving (he powers of 
perception. Take a shape as reproseiiiled in 
28. This appears to b(‘ an oblong, and, of 
course, is one ; neverth(‘l(‘ss, it is als(i the appa- 
rent Rha[)c, in outline, of a circular slab, when 
placed horizontally and on a level with the 
eyes. Beginners, because they hwv) the slab is 
curved at its edges, draw the representation as 
in 29, whic.h is wrong. Tf 28 is shaded, as shown 
in 30, the roundness is at once noticed, and yet 
the actual outline in 30 is an oblong as in 28. 
Colour, too, will often deceive the eye with 
regard to size. A vt^ry light-coloured object 
surrounded by others which are very dark 
seems to the eyes at first to Ix^ larger than it is 
found to Ixi when tested by measurement with 
the pencil, and, vice versa, a dark pne a]) pears 
smaller. To give the representation of c(Ttain 
objects in outline alom^ is sometimes more 
difficult than wluui rendered bv tone and colour, 
but still thcs(‘ difficult i(^s will be ovcTcome if the 
student perseveres with such heljfful meth xls as 
are advised in this course. 

Perspective. Wluui we consider the 
Bc'cond important rule of object drawing, we are 
brought face to face with the subject of Fer- 
six'ctive, the theory and practice of which is 
almost invariably unknown to Ix^ginners in 
drawing. Then^ are Tnany capable artists wh»'> 
Seay that the rules of pcu’sjxxtive are Ixdter left 
alone, but this is often only an excuse for not 
taking the trouble or not having the desire to 
study Perspective. The gcmeral priruuples can 
soon be learnt, and after some practical' appli- 
cation of them, all students would do well to 
go through a gooil course of study, in which 
they can learn and practise the rules used in 
the linear anti aerial jX!rsjHX‘.tive of objects with 
their shadows and reflections. It is certainly 
true that those students, who go through such 
a course thoroughly, will not only l)c able to 
make much more accurate judgment of the 
appearance of objects, but will also knt)w ivhy 
they must l)e drawn in a particular way in 
order to render a trut? rt'presentation of llitun. 
We shall confine oursclvt's to the most essential 
principles of pers]Xictive needed by all beginners 
in object drawing. 

Everyone who has seen a railway or tramway, 
especially if it is straight, must have noticed 
that the really parallel metals appear to converge 
as they recede ; see 31, which represents a por- 
tion of a railway. It will 1x3 seen how well a 
suggestion of distance is obtained by making 
the lines converge. Now look at 32 (which is 
an incorrecl drawing of the same railw{i,y) ; here 
we get no suggestion of distance, and the metals, 
etc., seem to be standing on end with the bridge 
placed on top. This apjjarent convergence is 
true of all parallel edges which recede from the 
observer. Whether tliey recede straight away 
in front of him [33], or slant away towards the 
right or left, or even upwards or downwards 
away from him, as long as they are receding, 
they will be observed apparently converging to 
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''Some point, which is technically called “ a 
vanishing point.” 

The First Principle of Perspective. 

Thus we deduce the first principle of Per- 
spective — edges which are realty parallel to one 
another, and recede from the spectator, appear 
to vanish to the same point. In some cases this 
vanishing point is difficult to determine (unless 
the student knows the whole theory of per- 
sj)ectivc), but all really horizontal edges which 
recede always have their vanishing point some- 
where on the horizon line. This horizon line is 
always supposed to bo on a lev(‘l with the eye, 
and its position in relation to other objects can 
easily bo determined 
by holding perfectly 
horizontal, at arm's 
length, a piece of flat 
cardboard, so that 
only its edge is seen. 

The student can then 
see where it appears 
to cut the objects in 
view, and by careful 
observation ho will 
find that all receding 
paralh‘1 edges, whitdi 
are iX'ally horizontal, 
appear to converge to 
some point on this 
horizon line. 

Look at 33, where 
the edges of the frieze 
and wainscot of the 
right- and left-hand 
walls, the floor-boards, 
and oertaiii edges of 
the door and one 
picture- frame app(‘ar 
to converge to the 
point C. V. (tliat is, 
the centre of vision, 
which is a point on 
the horizontal line 
directly opposite the 
spectator’s eye). The 
edges AB, CD, Et\ 

UH, of one door of 
the window vanish to 
the left to V.P. 1 
the edges JK, LM, 

NO, PQ, of the other 
door vanish to the 
right to V.P. 2; the 
long edges of the 
table, and the dotted lines ad, be, on the floor, 
vanish to the right to V.P. 3 (which is outside 
the limits of the picture) ; the short edges of 
the table and the dotted lines ba, cd, vanish 
to the left to V.P. 4 (which is outside the 
picture) ; in the lid of the box the edges V Y, 
jRU, WX, ST, vanish downwards to V.P. fi 
(below the picture), while the edges UY, RV, 
TX, vanish upwards to V.P. 0 (above 
the picture). It should be noticed that re-ceding 
horizontal edges above the level of the eye 
appear to converge dcomiwards, those below 
the eye level upwards to the horizontal line. 


while those exactly on the eye level, such as 
ej of the large picture, slant neither up nor down. 

Parallel Lines. Particular attention 
should also be given to the representation of 
the edges of the frieze, the top and bottom of 
window-frame, the wainscot of the farther 
end of room, and also to the long edges of the 
box. It will be seen that (hey do not converge, but 
are drawn perfectly horizontal and parallel, bemuse 
they are not receding from the spectator. Further, 
upright parallel edges must be represented by 
upright lines, with no convergence for the same 
reason ; therefore, note all the upright lines in 83. 
Keeping in mind the very important prin- 
ciples explained in the 
foregoing paragraphs, 
the student should 
now make many care- 
ful observationf^ of 
objects around him, 
and endeavour to dis- * 
cern the difference 
between ihair apjmrent 
and real forms. H(5 
will then be well pre- 
pared to proceed in 
drawing some simple 
objects. 

GEOMETRICAL 
DRAWING ' 
What Geometry 

Is. The term Geo- 
7nefry, which is dcrivc*d 
from two Greek words 
(ge, the earth, and 
metron, a measure), 
originally signified 
Iniul - measuring ; but 
it now denotes the 
science of magnitudes . 
in general, with their 
various properties and 
n^lations. We hero 
follow the practical 
side of Geometry, 
leaving the theoretical 
side to be explained 
in the course on 
Mathematics. 

The student who 
possesses a knowledge 
of Euclid will have a . 
powerful aid in under- 
standing the principles 
useil in practical geometrj% and in remembering 
the methods of construction used in the various 
problems. Wo •shall bring together those 
problems which depend for their solution upon 
some important geometrical truth, thereby not 
only training the mind to logical deduction, hut 
aiding the memory. • 

Instruments Needed. Th$ student 
should always work with the greatest possible 
accuracy and neatness, for inaccuracy and 
slovenliness will undoubtedly lead to disap- 
pointment and failure. Whatever instruments 
are used should be of the very best jwility, in 



DIFFERENT VIEWS OF CIRCLE, CUBE AND BOARD. 
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order to avoid erroi'fl and vexation. The instru- 
ments need not be numerous, but the following 
are absolutely essential, and should be used for 
the purpose mentioned : 

1. A half -imperial drawing-board and pins, 
with its adjacent long and short edges jx'rh'ctly 
perpendicular to one another. 

2. A T - square, 

which is used for 

drawing lines paral- 
lel to th(? edges of a 

the board [34]. L 

3. Two set squares, /j |\ 

having respectively / J \ \ 

angles of 45° and / j U ' 

00°. These are used j jj U \ 

to obtain pcr])en- f jj n \ 

diculars and paral- ; j/ \\ \ 

lelst34]. / // \\ \ 

‘ 4. A pair of corn- / // \\ \ 

passes with movable j • \\ ' 

pen and pencil legs / / / \ 

(those with nec'dle /( \ \ ' 

points arc host, as / ' / \ \ \ 

they do not make ' ; f • \ 

largo l.olos in tho 31 . <.oeukct and 32 

paper). 

5. A pair of dividers for measuring. 

6 . A inathemalical pen for ruling lines in ink. 

• 7 . Two pencils, one HH. for the constniction 

linos, and the other HR or F for tho darke r line s 
of the figure. Sharpen them wedgo-slia|)cd. 


31. CORRI'X T AND 32 INrORRIX T PKRSPECTIVE 


8. The paper may he cartridge for ordinary ’ 
pencil work, but for inked drawings Whatman’s 
or O.W.S. “ hot-pressed ” surface paper is best. 

0. A protractor, either semi-circular or as a 
flat ruler ; sec 35, which shows how one is marked 
from the other. This is used for measuring 
angles in the following manner: Suppose wc 

wish to in (M sure an 

angle of 50° at the 

point A in the line 
>4 /y [36J. Plaetii the 
/ \ point C of the 

J r protractor on the 

, point A, carefully 

' [ keeping the edge of 

( the instrument on 

I the lin(^ A/i, and 

( mark a ])oint Z) op- 
positf' th(^ division 
for 50°, remove the 
^ protractor, and 

draw a line from D 
to A, then DAB is 
the angle required. 
10. A foot ruler, 

srroRRixT PKRsi'ECTiVE tenths of an 

inch marked on it, 
as well as tlu^ usual divisions, and also centi- 
nietros and millimetres. 

11. 8om(^ Indian ink (in liquid form is best). 
Ordinarv ink corrodes the ])ens. 

WTIJAAM R. COVE 
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The fi|fiu*c8 af 

An ACOTB ANQLC is less than a right 
angle [44, KFG), 

An Acute-angled Triangle has all its 
angles acute (531. 

Adjacent Angles have a common 
vertex and one common arm. In 46, 
the angle ABC is adjacent to Alt I). 

Altitude of Triangle. See Triangle. 

An Angle is the inclination of two 
straignt lines which meet in a point, 
called the vertex of the angle. 

The size of an angle does not depend 
upon the length of the lines forming 
it, but upon their inclination to each 
other. In 42 the angle BAO is the 
same size as the angle i>£F. 

The sum of all the angles in any one 
triangle is equal to two right angles, 
or ISC'". 

Apex. See Triangle. 

An Arc is any part [ACB in 64] of the 
circumference of a circle betw een any 
two points in it. 

Area. See Figure. 

BASE. See Triangle. 

To bisect means to cut into tw’o equal 
parts. 

CENTRE OP CIRCLE. See Circle. 

A Chord is a strniglit line joining any 
two points in the ciiTuiuference of a 
circle ( AB in 64]. 

A Circle is a plane figure contained by 
one curved line, which is cal]e<l the 
circumference, or periphery, and 
is such that all straiglit liiica drawn 
from a certain point within the figure 
to the circumferonco are e<]ual to one 
another. This point [A in 63] Is cjilled 
tile centre of the (tirclo, and each of 
the straight lines (e.g. AB, AC, AB, 
A£ in 63] is called a radius of the 
circle. The straight line [c.g. CD or 
BB in 63] drawn through the centre 
and terminated at iiotii ends by the 
circtimfercnce, is called the diameter, 
which divides the circle into two 
Semicircles ; and if two diameters 
are drawn perpendicular to each other, 
each of the four parts [CAB, BAD, 
DAB, KAC in 63] of the circle is 
called a quadrant. 

Circumference. Sec Circle. 

The Complement of an angle is the 
difference between it and a right 
angle. In 45 tlie angle ABI) is the 
complement of the angle DB(', an<i 
DBC is the coinplcmeiit of ABI). 

Concentric circles are ttio.se Avhich 
have the same centre but different 
radii [ 66 ]. 

A Curved line is a line that is nowhere 
straight [39]. 

DECAQONi a ten-slded polygon. 

Diagonal. Hee Quadrilateral Figure. 

Diagonal Scale. »ee 107-109 

Diameter, bee Circle. 

Duodecagon, a twelve-sided polygon. 

All EQUILATERAL TRIANGLE has 

three equal sides [48 j. 

Extreme and Mean Ratio, bee 103. 

A FIGURE is a space enclosed by one 
or more lines or lioundaries, us 47- 
65. The sniii of all the boundaries is 
called the perimeter, and the space 
within the perimeter is called the 

area. 

HEPTAGON, a seven-sided polygon. 

Hexagon, a six-sided polygon. 

A Horizontal line is perfectly level 
[40 A]. 

Hypotenuse. See Right-angled Tri- 
angle. 

IRREGULAR POLYGONS. SeeMul- 
tllatepal figures. 
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er definitions refer to the illustrations in 

An Isosceles triangle has two equal 
sides [49]. 

A LINE has length without breadth, 
and may be represented by various 
mctiiods, M thick, thin, dotted, or 
chain lines 138J. 

MULTILATERAL FIGURES, or 

polygons, are figures contained by 
more than four straight lines [60-621. 
hogular polygons have all their 
.sides equal [61 and 621, and Irregular 
polygons have their sides iine((uai 
[60]. Polygons are divided into 
classes according to the nnmber of 
their sides ; as, the 

entagon [611, having five sides ; 
exagon [62], having six sides; 
heptagon, Imving seven sides ; 
octagon, having ei}j:ht sides ; 
nonagon, having nine sides ; 
decagon, having ten sides ; 
undecagon, having eleven sides ; 
duodecagon, having twelve side.-*. 

A Median. A line drawn from the 
vertex of a triangle to tlic midche 
iMiint of the opposite side. 

NONAGON, a niiie-.slded polygon. 

An OBLIQUE LINE i.<* a line that 
slants [40 C and Dj. 

Oblong, bee Rectangle. 

An Obtuse angle is larger than a right 
angle [44, IIKL]. 

All Obtuse-angled triangle has one of 
its angles obtuse (52]- 

Octagon, an eight-sided polygon. 

An Orthoeentre. The intersection of 
the perpendiculars from the corners 
of a triangle to the opposite sides. 

PARALLEL LINES are such as are in 
the same plane and never meet though 
produced indefinitely, Imt :ilway.H re- 
tain a uniform distance apart [41 ]. 

Parallelogram, bee Quadrila 
figure. 

Pentagon, a five-sided figure. 

Perimeter, bee Figure. 

Periphery, bee Circle. 

Perpendicular, bee Right angle. 

A Plane is a level surface, and is such 
tliat, if any two points lie taken in it, 
the straight line joining these two 
points lies wholly in Unit surface. 

A Point has jmsition only, without 
magnitude, and in practice is usually 
repi'uscnted by n dot, as in 37. 

Polygons, bee Multilateral figures. 

A Problem. A proposal to do somc- 
tliing, such os to solve a question, or 
to draw a figure, (is iu 86-103. 

A Proposition is that which is offered 
or i)rop<jsed for adoption or ci^nsider- 
utlou. Pi-opositions are, In geometry, 
of two kinds, viz., Problems ami 
Theorems. 

QUADRANGLE. See Quadrllaterr.l 
figure. 

Quadrant, bee Circle. 

A Quadrilateral figure, or quad- 
rangle, is contained hy four straight 
lines, as the square, oblong, rhombus, 
and rhomboid 164- 571- If the oppo- 
site sides are parallel, it is called a 
parallelogram [54-571. The line 
joining two opposite angles is the 
diagonal, as AB in 54. 

RADlUa See Circle. 

A Rectan gle, or obloni 
site .sides etiual and all angles riglit 
angles [66j. 

Rectilineal figures are contained by 
straight lines, as 47-62. 

Regular Polygons, bee Multi- 
lateral figures. 


this section 

A Rhomboid has its opposite sides 
equal, but its angles are not right 
angles 167]. 

A Rhombus has all its sides equal, but 
its angles are not right angles 156J. 

A Right angle, when a straight line 
meets another, so as to make the 
adjacent angles equal, each of the 
angles is called a right angle, and the 
lines are said to be perpendicular to 
each other. In 43 the angles ABC 
and ABD are each right angles, and 
the lines AB, CD are each perpendicu- 
lar to the other. It should he observed 
that perpendicular does not mean 
upriglit or vertical, but at right an- 
gles to another. 

A Right-angled Triangle has one of 

its angles a right aiwo. The side 
opposite this right angle is the hypo- 
tenuse [AB in 51]. 

A SCALENE Triangle has three un- 
e(|ual sides [50]. 

A Sector is a space enclosed by two 
radii of a circlo [AB and AO in 65], 
and the arc BO between them. 

A Segment of a circle is the space en- 
closed hy an arc and its chord [64J. 
Semicircle, bee Circle. 

A Square has all its sides equal and all 
its angles right angles |54|. 

A Straight line is the .shortest distance 
l)etween tw'o points. 

A Superfleiesf or surface, isexlension 
in two dircction.s, and has only length 
niid breadth, but no deiith. 

Tltc Supplement of an angle is the 
<liffercnce between it and two liglit 
angles. In 46 the angle ABD is tlie 
Biipplement of the angle ABO, and 
ABO is the supplement of ABD, 

A TANGENT [A B in 66] i.s a straight 
line which toiujhcs a circle or curve at 
one point [0 in 66! but docs not cut 
the circle or curve when produe.e(l. A 
tangent to a circlo is at right angles w 
the radius. 

A Theorem. A proposition to be 
proved by reasoning. 

A Trapezium ha.s none of lt.s sides 
parallel, but two may bo Oipial [59]. 

A Trapezoid has only two sides parallel 
[ 68 ]. 

A Triangle is a figure contained by 
three straight lines. J'ho side upon 
which it stands is termed its base ; 
the ix)lut where the other tAvo sltles 
meet is its vertex, or apex ; the 
angle at this vertex is tlie vertical 
angle ; and the straight line which is 
drawn from the apex pcrpcmlicnlar to 
the base or the base pi-oducod is called 
the altitude. 'J'hu.s in 47, if KG be 
the base, then A is the vertex, BAC is 
the vertical angle, and AD is the 
altitude. Triangles are named, with 
reference to tlieir sides : 

1. Equilateral, having three equal 

sides [48] ; 

2. Isosceles, having two equal sides 

[491; 

S. Scalene, having three unequal 
sides [60] : - 

With reference to their angles 
” 1. Right-angled, having one angle 
aright angle [51] ; 

2. Obtuse-angled, having one 

angle obtuse [521 ; 

3. Acute-angled, having all • its 

angles acute [53]. ^ 

UNDEOAGONi an elovetl-sidcd poly- 
gon. 

The VERTEX of an angle is the point 
at which the two lines which form the 
angle meet. 

Vertical angle. See Triaggle. 

A Vertical line is upright £40, Bj. 







from the picture of “ LOW TIDE,” BY H. S. TCKE, B.A. 


2408 


GROUP 4-PHYSl0L0QY & HEALTH •THE BODY & ITS MAINTEN A NCE-CHAPTER 19 

The Work Done by a Healthy Man. Health 

and Happiness; Preventive Medicine. ^ 

HEALTH AS ENERGY 

H ealth is a word constantly on our or otherwise he does not enjoy the best of 
lips, and yet when we try to define health. A man may have a very large, 
what we mean by the term we find it muscular heart working most efficiently, 
an extremely difficult task. but if it be hypertrophied it will eventu- 

The root of the word is the same as ally diminish the total useful output of 
the root of “ holy ** and “ whole/' and the the energy his whole body possesses. His 
conceptions of health, holiness, and whole- health, therefore, is not so good as it ought 
ness have a vague element in common, to be, or might have been, even though 
All imply some sort of a perfection in he may have found great pleasure, and 
structure and function. It is quite plain the community may have found great 
that a man who lacks moral sense is a pleasure, in the muscular performances 
spiritually unhealthy man, and that a that caused the hypertrophy, 
man whose limb is paralysed is a physi- Again, a man may have magnificent 
cally unwhole man. Both have less than muscles, and use them for the happiness 
they ought to have. and good of the community, and yet if by 

We might define health as such a doing so he have deplenished his mental 
condition of mind and body as renders energy — which, properly considered, is of 
efficient all the functions of a man. But much greater work-value, and much more 
then we have to consider and define what conducive to the happiness of himself and 
are the functions of a man, and what we the community — he cannot be considered 
mean by the efficient performance of them, in the best of health — in the best of health 
A few functions arc common to all men. of which he was born capable. 

In all men the heart must beat, and must Still, again, a man may have great 
propel the blood ; in all men the breathing potential muscular power and great 
apparatus must work in a certain way ; potential brain power, and lie may 
in all men the nerves must convey sensory use his brains for the common weal, 
and motor impulses in a certain way ; but but fail to use his stock of muscular 
even taking these big functions common energy, so that his limbs are compara- 
to every man, we are puzzled to find a lively undeveloped ; and yet if during 
definition of efficiency. his lifetime he produce the greatest possible 

We can get over the difficulty only by total output of energy for good he was 
taking a very broad view of the matter. capable of, he must be considered a 
Man's body is a colony of co-operative healthy man. 
cells ; man himself is a member of a It may be said that the conception of 
colony of co-operative workers ; and any health is strained by such usage of the 
definition of health must take that fact term, but it can be maintained that we 
into consideration. We might define merely elucidate its real meaning, and 
health, then, in terms of energy, as power carry the most comprehensive definition 
of work, and the best health of a man as of it to its logical conclusion. A man’s 
that condition of the parts and functions energies are the real measure of his health, 
of his body which make for the greatest and his mental energy is capable of far 
total output of work by the whole condu- more useful work than his physical energy, 
cive to the happiness of the individual and and must therefore be given more worth 
the community. That is the only definition, as a factor in health or wholeness. When 
perhaps; that covers the wlfole ground. James Watt invented the steam-engine, 
A man in an epileptic fit may perform he produced more useful energy in a few 
an enormous amount of muscular work, years than an army of Sandows could 
but it is not conducive to his happiness or produce by their muscles in a century, 
the happiness of the community, and in Generation of useful energy must be the 
the end it diminishes the total output of criterion of health, and in all estimates 
energy conducive to such ends. Therefore, of useful energy mental energy must be 
on our definition, the man is unhealthy, given most value in terms of work and of 
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common weal. So much so, indeed, that the 
'body* must be considered mainly as a temple 
of thctecnergy of the mind, and Keats’s “ Ode to 
the Nightingale ” and Beethoven’s “ Moonlight 
Sonata ” must be considered in any truly 
philosophic and scientific estimate of the health 
of Keats and Beethoven. The healthiest man 
is the man all of whose faculties, physical and 
mental, are working together to achieve the 
best work, judged in terms of quantity and 
quality. 

The Healthy and Unhealthy Life. 

It is both unscientific and unphilosophic to talk 
of health as if it were something a man must 
either possess or lac;k. We all are whole, or 
healthy, or holy to some extent ; we all do work 
of some value in terms of energy ; and health 
and unhealth are matters of degree. An un- 
healthy man is just a man whose output of 
energy is deficient, and an unhealthy mode of 
life is a mode of life that diminishes total work- 
ing power. Here, too, we find a for a 

useful distinction between disease and health. 
A man may have a decayed tooth or a trouble- 
some corn, and yet may be a very healthy man. 
The disease may to some slight degree diminish 
his power of work in quantity or quality, but he 
is still producing practically all the energy of 
which he is capable, and, if that be a goodly 
amount, ho must bo considered a man in good 
health. The popular mind appreciates this 
distinction, for one often hears it said “ So-and-so 
is suffering from typhoid or pneumonia, but is 
sure to get over it, since he is such a healthy man,^* 
Health and disease are not the alternatives, 
but more health or le.S8 health, good health or 
bad health; and though disease sometinias 
impairs health and reduces energy, yet a 
diseased man may perhaps be more efficient 
than a man without disease. 

We define, then, health as the sum total of 
useful energy, and ill health as a deficiency in the 
total amount of useful energy, or as such organic 
processes as reduce the sum total; while un- 
healthy functions, acts, and circumstances we 
define as functions, acts, and circumstances that 
reduce the total output of useful energy. 

A certain complication is introduced 'by the 
time element. One man may walk six miles an 
hour ; another man may walk three, la the former 
man in better health than the latter ? Both may 
be perfectly sound, and without an ache or pain, 
but, logically, the six miles an hour man must 
bo considered healthier than the three miles an 
hour man, since, of course, work rapidly accom- 
plished is of greater value, provided always it 
is not accomplished by mortgaging the future 
too heavily. 

Gauge of Human Energy. The total 
quantity of work done in any time can be gauged 
by a man’s output of carbon dioxide. All the 
work done by the human body —the lifting and 
falling of the ribs, the contractions of the heart, 
the impulses that run up and down the nerves 
— are all transformations of the energy of oxida- 
tion, and can eas^ily be calculated in terms of heat 
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by measuring the output of carbon dioxide, and 
by making allowance for the heat of the body. 
At rest we find that this output of carbonic 
acid is greater in men than in women, and in 
both sexes much greater during nwscular 
exercise than during muscular rest, but any 
estimate of this kind is only an estimate of 
quantity, not of quality of energy ; and nerve 
and mental energy judged by this criterion 
would have little value, since they are accom- 
panied by very little oxidation. Nor can we tell 
by a calculation of this kind how much dele- 
terious fatigue may follow the work. Only very 
roughly indeed can we estimate health by carbon 
dioxide, or by assimilation of food. 

Health and Happiness Not Neces- 
sarily Akin. There is a great tendency to 
assume that health and happiness are correlated, 
and that, the more healthy a man is, the happier 
he will be. Even as disease means pain and dis- 
comfort, so health is suppased to mean ease 
and comfort. Health and disease, as we have 
just said, are not the antitheses of each other, 
but still there is some truth in this idea that 
health and happinci^s are akin. The energy that 
makes the heart beat steadily and strongly, 
that makes the footstep energetic and firm, 
that makes the breathing deep and powerful, 
that makes the vision centres and the heaning 
centres active and alive, that makes the thinking 
centres vigorous, is nearly always associated with 
a feeling of being well. 

But, on the other hand, this same feeling 
may accompany work of body or mind that 
is w»\steful, that is decreasing the sum total 
of potential energy, and that is doing no 
good either to the individual or to society. 
Thus, a man may increase his output of 
energy by alcohol, and be very happy while it 
lasts, and consumptives whoso output of energy 
is increased by the fever of the disease are often 
the cheeriest and mast optimistic of men. 
Energy can be considered health only if it be 
sustained; if it is like the widow’s cruse; if 
income exceeds or equals, or almost equals, 
output. We say almost equals, for soon after 
maturity the income of the body, even under 
the most favourable circumstances, no longer 
equals the ex{)enditure. The furnace of life 
gets choked with the ashes of its fires, th(i 
supply of fuel becomes less, and oxidation 
produces less energy and heat. This process 
of loss of power of work may be rapid or 
may be slow ; but, again, the healthier a man, 
the more slowly will his potential of energy 
decrease, and f®r many decades he will seem to 
energise vigorously as ever. And happily, as 
we have pointed out, mental energy, though 
more potent in its work, is less extravagant than 
physical energy ; and great minds, Jike Kelvin, 
Darwin, Russel Wallace,' sustain adarge output 
of work till extreme old age. 

When Is a Man Old? One thing is 
quite certain, and that is that different men 
start life with different amounts of energy. We 
see that some men are old at forty, and others, 
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young at sixty-five ; we see that some men 
aotualiy die of old age at fifty, and others live 
to be centenarians ; we see, too, that this differ- 
ence ooeurs apart from disease and apart from 
any difference in expenditure of energy. Scien- 
tific observers state that the aboriginal 
Australians are as old at forty-two as an 
average European at sixty-five. How is one to 
account for such differences 1 This is just one 
of the things no man can understand. All we 
know is just that natural longevity runs in 
families and races, and that the best way to 
live long, and to acquire all the energy that long 
life implies, is to choose long-lived parents. 

But energy flows in different channels ; and 
the centenarian who has merely hood turnips or 
sold tobacco all his days may not in a life of a 
hundred years equal the output of work achieved 
by a great mental worker like Clerk- Maxwell in 
forty, nor can he be considered so truly healthy. 
The man who does not use his mind is at a great 
disadvantage in the race for health. However 
ruddy his choek may be, and however big his 
muscle, his life is a very dull, inert, lethargic 
thing, his health is a very poor thing, compared 
with the life and health of the man^whose energy 
works in the various channels of cerebral activity. 

Despite such qualifications «and exceptions, 
however, longevity must be considered as 
potentially, at least, a good thing, not only 
because it implies a largo innate stock of energy, 
but because it enables a wise application of 
energy. There is a French saying : “ If only 
youth knew ; if only age could , And it is 
possible for a hale and hearty old ago both to 
know and to <lo. 

The 'Waste of Energy and Health. 

Apart from actual longevity it is always a loss 
when a man’s energies are squandered by 
disease or vice, or^urtailed by accident or a 
hempen cord. It is health and energy that make 
a man ; and the more years of useful energy ho 
can obtain, the better for himself and society. 
And one of the saddest things in life is tho way 
in which so much energy and happiness are lost 
by premature death, or by premature decay or 
Ijreventible disease. Only one man in nine dies 
of old age — that is to say, lives till ho has 
expended his innate energy. And the majority 
of those who die of old ago have had much of 
their energy wasted by disease and unhealthy 
ways of living. Preventive medicine is a sys- 
tematised effort to prevent wastage of health, 
and energy, and happiness. It takes measures 
to prevent preventible diseases, it takes measures 
to correct such material circumstances as may 
reduce the working capacity of men. The science 
a<Ld art it practises is usually called Hygiene^ and 
the results it has achieved in the last century are 
most su^rieing. 

Medicine, ^d surgery, and preventive medicine 
together are steadily increasing the span of 
human life, so that every child bom nowadays 
has the expectation of several years’ more life 
than he would have enjoyed had he been born in 
the beginmng of last century. Even now the 
average span of life is only forty -three years ; and 


many authorities consider that the natural ,^pan 
of lim should be a hundred or a hundred and five, 
since tho years of life should bo five tirffes as 
many as tho years of growth, and the years of 
growth in man are twenty or twonly-one. But 
to this subject we will return when we conic to 
deal with longevity. 

The Signs of Physical and Mental 
Health. Tho outward signs of physical and 
mental health vary, and it requires an expert to 
interpret them. As a rule, a man who is capable 
of performing most ^physical work between birth 
and natural death is a niiin of medium height and 
build, with bright eyes, clear complexion, and firm 
muscles; but it is a common])la(*e that many 
men who look weakly, who are under sized, wit h 
dull eyes and complexions, and small muscles, 
are yet capable of tremendous physical endur- 
ance. The mainspring seems to be chietly in tho 
constitution of the nervous system. 

As a rule, a man capable of performing th<5 
greatest amounts of mental work between birtfi 
and a natural death are men of medium build 
and height, with bright eyes, clear complexions, 
small muscles, and good brows, but many brain 
workers lead lives that cause a deterioration of 
th(*. physical side of health, so that many bccomo 
h(»avy and sunken-eyed and obese ; and many 
great cerebrums an^ concealed in very insignifi- 
cant cases. One could hardly say that Mr (5.K. 
Chesterton or Viscount Haldane, or Sir Oliver 
Lodge or Professor Stout, are of medium build. 
On tho whole, the most constant sign of mental 
energy is a well developed brow. Strangely 
enough, the front convolutions quite in front of 
the brain, and directly behind fhc frontal bone, 
have not yet been proved to be connected with 
the higher mental faculties. But no doubt they 
are connected with the higher faculties; and no 
one t‘an rt'gard a gathering of distinguished 
scientists without being struck by the extremely 
large proportion of well-developed brows. 

Before considering the various measures which 
may be taken to improve and conserve health 
mentally and boclily, it will be well to. take a very 
general survey of tho nature of that vital energy 
of which we have .said health consists. 

Probably the greatest scientific achievement of 
last century was the discovery of tho law of tho 
conservation and transformation of energy. 
Kobert Mayer discovered that no ctiergy is ever 
lost, that it is merely changed into otlu'r form.s 
of energy, and that each form has its precise 
equivalent in another form, and can, by suitable 
measures, bo transformed into it. Thus, that 
form of energy called heat has its exact equiva- 
lent in a certain amount of energy which goes to 
move weights or do other mechanical work. The 
heat sufficient to heat a kilogramme of water 
1® 0. is exactly equivalent to the work neces- 
sary to raise 425 kilogrammes a metre high; 
and the amount of chemical energy involved in 
the combination and disruption processes in a 
chemical battery is exactly equivalent to the 
electricity produced, and to tho heat and 
mechanical work the electricity can produce. 
No form of energy — light, heat, chemical affinity, 
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elcctj^icity — ever is bom or ever disappears ; the 
total form of energy in the universe, or at least 
in th(^ world, is constant, but transformations of 
energy from one shape to another are constantly 
occurring. 

The Sources of Human Energy. The 

energy and forces of the human body may seem 
very special, but they also must come under the 
same law. No energy is created in the body, but 
in the body perpetual transformations of force 
are occurring. 

For a hundred years the heart may beat, and 
the brain may think, and the limbs may move. 
For a hundred years energy may bo given off by 
the body in the form of heat. The body cannot 
create energy; then, where does the energy 
come from ? 

The energy, so far as the body is concerned, 
seems to begin by a molecular disturbance of the 
substance in the nerve fibres at the mucous and 
cutaneous surfaces of the body through the 
stimulation of environment, and this is propa- 
gated towards the central nervous system, and, 
by causing disturbances in the nerve centres 
there, gives rise to motion. The energy, then, 
is probably chemical energy transformc^l into 
heat and mechanical force. The chemical com- 
bination is evidently unstable, and the force of 
chemical affinity is readily changed into the force 
of heat and of mechanical work. But chemical 
affinity is a force that has its limits. One can get 
a certain amount of heat or work out of a pound 
of coal or a pint of petrol —a certain amount, and 
no more. The mechanical and thermal equivalent 
of all the tissues in the body is not very tremen- 
dous, and yet the mechanical work done by a man, 
and the heat generated by a man in the course 
of a lifet me, may be prodigious. The energy 
must bo constantly brought to the man’s body 
from some external source, to bo transformed in 
the body into the so-called vital energies. From 
what source does it come ? 

The energy man uses to keep himself going is 
the energy of air and food. Deprive a man of 
food for a few days, or of air for a few minutes, 
and his energy soon goes. 

Food and Energy. There does not seem 
much energy in a lump of sugar, or a potato, or a 
mutton chop, but if one burn them, or in other 
words add oxygen to them, we see that they pro- 
duce a great deal of energy in the form of heat, 
and this is simply the force of chemical affinity 
transformed into heat. This, then, is where man 
gets his supply of energy from — from his food. 
He chews up his food, using for the purpose the 
energy of food previously assimilated ; he breaks 
it up further by means of various ferments whose 
energy is also derived from food previously 
assimilated, and, building the fragments of the 
food into nerves and muscles and other tissues, 
he builds up explosive material which requires 
only the addition of oxygen to make it explode 
with the conversion of its chemical energy into 
heat and mechanical force. 

To enter fully into the question here of 
the source of the energy in food would take, 
too long, but we shall touch very briefly^ 
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upon the question. The energy which is found 
in food in the potential form of chemical 
affinity must itself be the result of other energy 
transformed, for we know quite wqjl that 
otatoes, and mutton chops, and bre^, and 
utter were not always in existence, but have 
been themselves bound together. Whence comes 
the force that binds them together, and that is 
transformable by a little oxygen into the physical 
force of a Sandow, into the muscular agilities of 
a Pavlova, or the mental activity of a Kelvin Y 

Human Energy comes from the Sun. 

The force came from the sun, and chiefly from 
the red, and orange, and yellow waves of the sun. 
Tiny little waves they are, but they flash acnoss 
space at the rate of about 190,000 miles a 
second. When they reach our retinas they arc 
transformed into molecular disturbances that 
8})read to the centres of sight in the brain, and 
appear in consciousness as visual sensations of 
reel, and orange, and yellow, and hence we call 
them red, and yellow, and orange waves, though 
they certainly have no colour in themselves. 
When they beat upon our skin they are trans- 
formed into heat. When they reach the chloro- 
phyll of a green leaf, they are transformed into 
a chemical force that tears the carbon and oxygen 
of the carbon dioxide of the air apart, and leaves 
the carbon and the oxygen dowered with the 
latent energy of chemical affinity. The oxygen 
thus torn free rushes about seeking whom it may 
devour. The carbon joins with water in the 
green leaf and becomes starch, a substance also 
containing energy in the form of chemical 
affinity or synthetic force. By its chemical 
energy, in turn, nitrogen obtained from the soil 
by thie plant is bound up with its molecules to 
form nitrogenous products also containing 
energy. Animals oat the starch and nijbrogenous 
matter, and build them into their tissues. 
Finally, the red blood corpuscles, each with a cargo 
of oxygen, flow down the arteries and capillaries 
of the tissue, and the oxygen burns up (oxidises) 
the food -formed compounds in the tissues, and 
the energy of the sun is transformed again into 
waves of heat and also into mechanical work. 

The energy, then, that keeps man going is the 
energy of the sun added to his tissues in the form 
of food containing that energy in the shape of 
chemical affinity. A green leaf, a sunbeam, a 
speck of starch, and, lo ! the energy of a man ! 

It is difficult, perhaps, to believe that sun- 
beams contain so much mechanical energy, but 
it has been calculated that on an average sunny 
day of eight hours’ sunshine the siuilight falling 
on each square frard is equal to one horse-power. 

To have health and energy, then, we must lay 
in a store of the sun’s energy in the form of food, 
and wo must obtain plenty of oxygen in order 
to liberate it. The basis of health is 9 >ir and food, 
including water, and all studies of hygiene must 
start with a study of these two great and essential 
factors. In the next chapter, accordingly, we 
will begin the study of the laws of health, and 
discuss in detail the relationship of food and air 
to the functions of the human body. • 

RONALD MACFIE 
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Symptoms and Method of Treatment of the Chief Diseases 
of Horses. Cattle, Sheep, and Pigs. A Medicine Chest. 
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DISEASES OF HORSES 

Tho temperature of the body frequently proves 
a guide in sickness. Tho stockowner should 
therefore obtain a clinical thermometer and learn 
how to use it. The temperature of the horse is 
from 100® to 101® F., a rise to 103° denoting a 
feverish condition, and from 105° to 100° a high 
fever. The bulb of the thermometer is very carefully 
introduced into the rectum, and kept there for 
three to four minutes in order to obtain an accurate 
reading. The pulse, which is taken under the side of 
the jaw, beats from 36 to 45 times per minute in 
health, but the horse must bo perfectly quiet. A 
beat of over 60 denotes fever. Tho pulse is rapid and 
small in such complaints as inflammation of the 
bowels, and weak in influenza ; but inasmuch as its 
volume, rhythm, and character are all important, 
professional help shoukl be obtained in (.‘ascs of 
grave suspicion. Under normal conditions, tho horse, 
when standing quiet, breathes 12 times in a minute. 

Tho stockowner should note that there are 
certain contagious diseases — to the names of which 
[NJ is prefixed — which are scheduled, and which 
must bo notified, even where the complaint is only 
suspected. All being dangerous to man, this notifi- 
cation, accompanied by absolute isolation, is all the 
more important. 

Colic and Gripes. Those common com- 
plaints are frequently caused by imjjroper feeding 
or sudden change of food, by impaction, by the 
taking of too much green food, or by drinking a 
quantity of cold water when overheated. The 
animal perspires freely, and rolls on tho grouml in 
pain, which may be spasmodic. An injection of 
warm water often affords relief, or a dose of from 
6 to 10 drams of alwis where spasm exists. If 
there is flatulence, linseed oil or ammonia is useful, 
together with massage. It is important to ascertain 
that tho case is not one of inflammation, in which tho 
pain is continuous. Gripes are often removed by 
a draught composed of clilorodyne, hyposulphite of 
soda, and bicarbonate of potash, the dose btjing 
arranged^ by an experienced chemist, who should 
be acquainted with the ariimars ago and condition. 

Enteritis. This very dangerous di.sease, usually 
known as inflammation of the bowels, from which 
animals seldom recover, somewhat resembles colic, 
but tho temperature is high, the body cold, tho pulse 
fine and hard, and tho belly tender. Hot fomenta- 
tions are useful, but there is practically no remedy, 
although the best skill should always be employed. 

Gastritis. This disease, inflammation of th^J 
stomaeh, closely resembles that just referred to, 
and is almost equally dangc^us. Amateur 
physicking should bo avoided. 

Diarrhcea (Scour). This is more common in 
young, than in older animals, and may be attributed 
to chill, sudden change of food, improper food, 
acidity, or Tn^rms. The cause should first be ascer- 
tained, and tie remedy applied in accordance with 
it. Foals with their dams may receive a dose of 
castor oil and laudanum, while acidity in tho milk 
of the dam may be neutralised by the aid of car- 
bonate of soda. Mixtures of opium powder, catechu. 


and chalk, or of catechu and chlorodync, may bo 
administered, tho dose being arriingcd by a dinggist 
in accordance with the aiiimars ago and condition. 

Glanders and Farcy [N]. This contagious 
disease — for glanders and tarry arc practically 
one — must, even on suspicion, be notified to the 
police, tho horse being isolated. It is contagious 
to man, and is the result of tho work of an organism 
knowm as Bacillus malleus, 'rherc is a sticky dis- 
charge from tiho nostrils, usually, however, from 
one nostril. When the disease is recognised or 
proved by the injt'ction of tho material used for tlic 
purpose, and known as imillcin, the horse is 
destroyed. In bad cases there is liigh fovoi. 
Glanders and farcy take different forms, the latter 
alleoting the limbs and skin, one disease running 
into the other. 

Catarrh. This somewhat common complaint 
is not of a serious character, although it sljoukl be 
promptly handled. It is duo to the sud<len 
changes of tho w'catlier, coupled with bad or irregular 
feeding, and indigestion, and may cause loss of 
condition and weight. A horse with catarrh should 
be rested in an airy yet warm and dry stable, and 
fed on simple food, such as mashes of bran, crushed 
oats, linseed tea, and cooked roots. Little drink 
.should be gi\en. Tore bine and spirits of camphor 
arc useful. 

PinK Eye, or Distemper. This Ls an infec- 
tious disease attended with great loss of strength 
and condition, and accompanied with a thin 
discharge from tho nostrils, cough and fever. 
The temperature may rise to 161° or lOo® F. A 
redness of tho membrane of the eyelid is usual. 
There is thirst, constipation, and scanty urine, 
with a w^cak pulse. Tho animal should bti stabliMl, 
as in the eas<^ of catarrh, isolated, wclln’.irsed and fc<l, 
receiving giuol, eggs, and milk, if there is grt'at loss 
of strength, mashes, linseed tea, and steaiiiod cjtisIkmI 
oats. A little spirit may bo good to sustain the 
strength. Tho temperature shoukl be taken, and, 
if tho attack is severe, a veterinarian should be 
omployoil, as there are occasionally serious rorn- 
plicalions, involving pleurisy, bronchitis, or the liver. 

Pleurisy and Pneumonia. Pleurisy is 
inflammation of the membrane covering the lungs. 
There is cough, a thin and wiry pulse, with hi.gh 
temperature. Tho animal should Ixi clothed and 
kept w arm, and muptard applied to the affected part. 

Although pneumonia is probably duo to the 
presence and action of a specific germ, it may bo 
indirectly owing to exposure, overheating, and chill, 
or even a damp stall. 1’hc pulse is tiny and very 
rapid, and tho breathing quick. A case .should be 
treated with great promptitude by a professional. 

Strangles. This chiefly attacks young horses. 
Its most important symptom is an abscess under 
the jaw, which is usually blistered or fomented 
until it breaks, or is ready for the lance. In either 
case it should be kept clean with antiseptics. 

Fistula. This disease appears on the wdthors, 
and should be attacked immediately it is noticed, 
inasmuch as if neglected tho bony structure bcn?ath 
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may be implicated and recovery become impo<<sible. 
The aid of a veterinary surgeon is essential, that 
the part may bo opened and cleansed. The affected 
horse ‘should not be worked, but allowed freedom 
for suiricient exercise and pure air. The feeding 
should bo sound but not high, the efforts of the 
ow'ner being directed to maintenance of go(Kl bodily 
condition, that the animal may throw off the 
abnormal formation, and build up now tissue. 

Cracked Heel, Curb, and Founder, 

Cracked heel is usually accompanied by lameness, 
and may be caused by a wet .stall or constantly wet 
foot. Washing the feet should be avoided, the tlirt 
being allowed to dry and then removed with a 
brush. White vitriol ointment may be employed, 
os for thrush and sore shoulders. 

Ctirb is a swelling which appears a little below 
the hock, and is bettor recognised in profile. 'I’lio 
part may be blistered or fired. 

Founder, or inflammation of the feet, frequently 
follows bad feeding, cold or w'^et. 'J’hc feet Ijecomo 
heated, and the horse is in pain, and prefers to rest. 
He loses condition, and exhibits great thirst, the 
pulse being meanwhile strong. 1’hc shoes should 
bo removtid, and cold brafi poultices ap})lied to the 
feet. The bed of the stall shotdd be eoveretl thickly 
with short straw or peat moss, and very little exercise 
given, and that on soft soil. A few dratights or 
drenches should bo oV)tained to help the animal 
through, a little green food being given when 
recovery begins. 

Capped Hocks, This is practically a sw'fdling 
of a tendon, which is followed by a condition 
resembling a cap over the point of the hock, it 
may result from a bruise. The seat of the disease 
may bo in or beneath the tendon, 'the horse should 
rest, and the afTectod part bo regularly dnssed 
with a lotion obtained from a druggist skilled in 
the.so matters, or from a vetennsrian. 

Hroken Knees, Broken knee is usually the 
result of a fall. A mere bruise or graze, if kept 
clean, rapidly heals, but whore the joint is opened 
there is a discharge of fluid (synovial), usually 
known as joint oil. As this is serious, attention 
must be given at once, and even th<*n prolonged 
rest and nursing will be neeossary for roeovery. 
Care must bo taken to remove any grit or dirt, 
and the W'ound should be dressed with a special 
lotion and then bandaged. Both cleaning and 
dressing should be fro((uent, the sponge being 
soaked in water which has been purified with an 
antiseptic. An oil of cloves dressing on eott-on- 
wool will be found useful. 

Grease. This term is applied to a greasy 
condition of the skin of one or more limbs, and 
is sometimes accompanied by a discharge. The 
affected parts may bo powdered with boraeic acid 
and alum, and kept clean and carefully bandaged. 
The animal should be fed well, green food being 
supplied ; a ball from the veterinarian will help to 
bring back condition. 

Mud Fever. This is really an irritation caused 
by the presence of dirt ; an eruption also appears, 
usually on the legs, with loss of condition. The 
horse may bo fed on bran mashes, crushed scalded 
oats, witli a little green food and an odd mangel or 
carrot or two, or with a little first-class hay ; an ounce 
of linseed oil may Ik? given each night and a few 
powdei^? obtained from the veterinarian. 

Navicular, This is a disease of the naviculay 
bone and its surroundings, usually in the fore 
foot. The horse goes shaky or limp, and although 
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he may do a little work h<» becomes practically 
unsaleable. Help can be given, but no cure 
effected, by a veterinary operation, after which 
a short-toed shoe with a leather sole may bo 
provided for the affected foot. 

Quitter, This involves a swollen and* heated 
coronet with running sores, often caused by the 
presence of matter arising from a wound in the solo ; 
the matt(;r is tlischarged from the suppurating 
sores instead of below. Whether the ,wound is 
caused by a nail or otherwise, the place should be 
cleaned with an antiseptic dressing and encouragetl 
to discharge below by poulticing. In the presence of 
(piittor, however, the sores must bo opened, cleaned, 
and induced to heal by the promotion of a healthy 
condition of the affected parts. Rest should bo 
given, and the work perfonued by a veterinarian. 

Ringbone and Ringworm, Ringbone 
usually in the hind legs, may bo seen when rcjally 
largo, or detected by the fingers of an expert on or 
near the pastern joint. It may be caused by a 
blow followed by inflammation and lameness. 
Rest and firing by a vett^rinarian may jmssibly 
have good results. 

Ringworm is caused by a ])araKite, the irritation 
Infing followed by loss of hair. The patches should 
be kept clean, and dressed with tincture of iodine or 
an ointment. 

Sandcrack. In this case the horny structure 
of the hot>f cracks, and may cause lameness ; the 
extension of the- crack must be prevented, and a 
healthy condition promoted by. light cxerctse, 
ckmnliness of the part, and the drawing of the 
divided portions together. The horse must rest if 
it is in pain. 

Sidebone. This is a hardening of the flexible 
cartilage behind the cannon bone, usually on the 
fore legs. It diminishes the value of a horse, 
although ho may do good work for years. Rest may 
be necessary, and sometimes firing, but turning out 
in suitable weather for some wcajks may have 
excellent results. 

Spavin. Serious as this complaint is in the 
horse used for fast work, farm and cart horses 
suffering from it are commonly employed and often 
work as well as when sound. Spavin is the result 
of inflammation which attacks the bone of the 
hock, and which is followed by enlargement and 
lameness. If the enlargement is not noticeable, it 
may yet bo discovered by the touch of a skilled 
hand. The horse should be rested and ])r()fes8ion- 
ally treated, and the wisest plan is to turn the 
animal out to grass if weather permits. 

Splint. Splint attacks horses ridden and driven 
rather than cart or farm horses. It is really a 
bony deposit on the cannon bone, usually on one of 
the fore legs, which causes lameness. Both heat 
and pain are present. The former may be teduced 
by cold sponging, and the latter by resting. A 
blister may In? ^und useful, but one should be guided 
by a })rofeBsiona4i man. 

Thoroyghpin. This trouble is a fluid dis- 
tension or swelling, which is movable, and which 
appears at the back of the hock. It is sometimes 
}>ainte<l with iodine, and sometimes punctured, but 
needs professional treatment. 

DISEASES OF CATTLE 
Anthrax, or Splenic Fever [N], This 
very dangerous disease, known under many names, 
usually attacks young stock ; it is due totthe’prcsence 
of a bacillus, and is extremely fatal. The attack is 



sudden, the limbs swell, stiffness follows, with loss 
of appetite, extreme weakness, and a weak and 
rapid pulse. In severe cases death may follow in a 
few hours. A veterinarian should be called in at 
once, and no time lost in efforts to sustain strength 
and to ameliorate the symptoms. The best plan, 
however, is to act on the principle of prevention, 
keeping the stock in good condition, never turning 
them out into fields whore anthrax has occurred, 
and, on ^rms where there has been loss from the 
disease, to insert a soton in the dewlap. In case 
of attack the animal should l )0 isolated, its bed and 
manure burnt, and its stall purified, while after 
death its body should bo buried in lime, or still 
bettor, burnt, if this is possible. 

Catarrh. This is recognised by a running at 
the eyes and nose, which may follow chill and 
exposure. It should bo cheeked liefore going too 
far, as it may be succeeded by complications of a 
most serious character. Protection and gootl 
feeding are essential. The animal may receive a 
dose of Epsom salts, in accordance with its age, well 
fortified with ginger. In a severe case the looding 
should consists of good gruel, warm bran mashes, 
scalded oats, and good hay-chaff, and, if obtainable, 
some green food — grass, clover, or vetches — given 
in small quantities at a time. The system needs 
stimulating and well feeding, while a dry stall, 
ventilation, and a little exorcise should be provided. 

Consumption, or Tuberculosis [N]. 

T^is is perhaps the most destructive among all 
diseases of cattle. It has boon stated on authority 
that 40 per cent, of the cattle in the country are 
affected. If it is suspected, the tuberculin test 
may bo applied by a v(?tefinarian, the rise in tem- 
perature, it definite, deciding the question. 

No tuberculous beast should bo sold or allowed 
to remain near healthy stock, infection being 
extremely dangerous. Milk should not ho sold 
from a tuberculous beast, nor calves and swine fed 
on the milk, unless it has been boile<l. 

R,ed Water, This serious complaint is usually 
recognised by the dark or rod colour of the urine, 
and diarrh^ra, which is usually followed by consti- 
pation. Unless in very severe cases, a tjound of 
Epsom salts may be given as a x^urge, followed by 
daily doses of oil and tur|)enline. The disease is 
accompanied by groat weakness, so that good 
nursing and rich feeding are essential. The animal 
should receive milk, gruel, linseed tea, and, if neces- 
sary, spirits, but in all cases it is desirabUj to obtain 
professional assistance. The cause of the disease is 
not fully known, but it is more common on moorland 
soils than olsewhore. 

Influenza* The symptoms resemble inten- 
sified catarrh, with fever and prostration. The 
disease is contagious. If there is constipation, as is 
most likely, a pint of linseed oil may be given, a little 
more, if necessary, followed by enemas if the trouble 
is continued. The animal should bo isolated, and 
advice obtained in all cases. The feeding may 
consist of bran mashes, gruel, and a little green food 
from time to time. Water in which linseed has 
been boded may be given as a drink. The animal 
should be kept warm in a well-ventilated stall, and 
good nursing and rest provided. 

Pneumonia* This is recognised by a hard 
coush, cold ears and feet, hot, rapid breathing, 
ohiU, weakness, and refusal to eat. The exciting 
cause is usually exposure and, chiU. The patient 
should be ^ell wrapped up in a dry air-box, and fed 
on milk, mashes, linseed tea, and a little green food. 
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It is alwa 3 rs well to obtain an accurate diagnosis, 
advice, and medicine from an expert. 

Pleuro-pneumonia [N]. This is^ con- 
tagious disease, which must bo rexwrted when 
recognised. It is frequently fatal, running its 
course with rapidity. There is thirst, cough, refusal 
to feed, a hot, dry muzalo, foul-smelling breath, and 
foul, dry manure, with, in bad cases, wasting, and 
running mucus from the mouth. The disease is 
imported. In all suspected cases there should l>o 
isolation, disinfection, professional advice, and 
slaughter on recognition. 

Foot and Mouth Disease [N]* This is a 
contagious and disgusting disease, which must be 
notified to the police. There is shivering, salivation, 
weakness, rapid pulse, with infiammation, eruption 
on the mouth, tongues oftentimes on the foot, and 
sometimes on the udder. An aperient should bo 
given, to consist of a pint of linseed oil or J lb. of 
Epsom salts, the affected places being dressed with 
a sulphate of zinc lotion. Salicylic acid in J-oz. 
doses, or sulphite of sodium in 3-drachm doses in 
water, may he given twice daily. If the feet are 
attacked, boracic acid may l )0 dusted over them. 

There should bo isolation and complete disinfec- 
tion. ^ Patients may Ix) supplied with linseed water 
as drink, linseed tea, milk, mashes, gniel, cut grass, 
and any food likely to tempt the failing ax)potite. 
The milk of affected cows should not bo used for 
healthy stock. 

Slinking, or Casting Calf. Abortion is 
caused by accident, exposure, or contagion, the 
calf being usually cast in the fifth month. In any 
case the cow should he isolatecl, thoroughly disin- 
fected, and all matter connected with it buried with 
lime, or burnt, A cow which has once l)een affected 
should not bo used for breeding again until nine 
months have elapsed, or she may be fattened and 
sold. There is always danger in buying in-calf cows 
in fairs and markets; hence, the importai.ce of 
some days of isolation before mixing with the herd. 
After a (;aso of abortion every animal in the honl 
should bo disinfected by syringing with a solution 
comxioscd of 20 pints of distilled water, 3 oz. of 
glycerine and alcohol (specific gravity 30), and 2 J 
drachms of bichloride of mercury (poison). Pulls 
should bo disinfected before service by syringing. 

Milk Fever, or “Drop.” This very dan- 
gerous comxdaint often attacks cows which are in 
high condition and of particular strains. The 
animal falls soon after calving, displaying weakness, 
a dry, hot muzzle, and perhai)s relapses into a state 
of coma. Tho actual cause is unknown ; preven- 
tion is tho wisest course. Fleshy or suspected cow^s 
should bo turned out on scanty pastures after drying 
off, or, if stall-fed, kept on light rations, of which 
bran mashes form part, linseed water being occa- 
sionally used to keep the bowels in order. A x>int 
of salts given twice with intervals shortly before 
calving is a practice many follow with success. 
Whore the appearance of tne cow raises suspicion 
that she may fall, 10 to 12 drops of tincture of 
aconite may bo given, and continued every six 
hours or so, if there is no change. Whore a case 
occurs, tho animal should be well wrapped up to 
maintain warmth, tho bowels l)oiDg kept open with 
linseed oil, salts, or a gruel enema. 

Garget* This is a troublesome complaint 
attended with groat risk and loss in value in tho 
cow. Tho udder is attacked by inflammation, and 
its internal structure involved, so that the power of 
yielding milk may bo lost. It is usually owing to 
chill, injury, or bad management. The udder 
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becomes hard, but may bo massaged, and the calf 
iiscd to empty it fiom time to time. When garget 
appears, the udder may b i poulticed with linseed 
meal, and medicine obtained from the veterinarian. 
If an ulcer forms, it should be kept clean with an 
antiseptic, such as carbolic acid, 1 part to 25 parts 
of water. ^ Simple hard udder , which often occurs 
after calving, may bt^ reduced by giving | lb. of 
salts and an ounce of ground ginger in gruel, followed 
by frequent rubbing, and by allowing the calf to 
suck ofUmcr. 

Hoven and Impaction. Hoven usually 
occurs from overeating young, fresh green food in 
spring, (ispeeially where caws break bounds and enter 
a field of vetches, clover, or some other green crop 
when the dew is upon it. The animal is blown with 
gas, i>arts of the abdomen, when tapyx'd, resounding 
like a drum. In bad (jases the distimsion presses on 
the heart, the circulation ia impended, and death 
m^ occur by suffocation. 

The commonest simple remedy is ^ lb. of hy]^o- 
sulphate of soda, given in a pint of water, this being 
repeated in a short time, if nc(;cssary. If it is 
rceived that a cow is in danger, the paunch should 
pierced by a trocar and eaniila, which should Ik* 
kept on every farm, or, failing this, with a penknife, 
liehind the short ribs on the left side. The trocar is 
removed, and the canula, through which the gas 
quickly passes, remains in the wound, which should 
be kept clean, and which with (;are will quickly heal. 
After relief the animal must be nursed, first getting 
an aperient — 1 lb. of Kpsom salts, with soim^ ground 
ginger, or a pint of linseed oil— to clear tlu* bowels. 
Food should be given in small quantities until 
danger has passed; it should include gruel, bran 
mashes, and linseed water. 

. Impaction is also the result of gorging abundant 
dry or green food. There is less gas in this ease, 
but action should be taken with linseed oil to purge 
th(i system. In bad cases advice must be obtained. 

Colic* This trouble is often caused by over- 
feeding or bad feeding, followed by pain in the 
bowels, the generation of gas, and swelling. The 
first remedy is 1 lb. of salts, with IJ oz. of ginger, 
i oz. of aloes being sometimes added. If necessary, 
a stimulant must Vje suppliecl, and in all eases 
help obtained. There may Iw gentle mas.sage with 
dry mustanl. The feeding to follow relief should 
be chiefly (.oinposed of bran mashes. Colic may 
1 k 3 caused by chill, or drinking too much very cold 
water. Wh<‘re there is little gas evolved, but more 
pain, a pint of linseed oil may be given, follow'ed by 
a soothing drink, which should include opium, 
obtained from a veterinary surgeon. 

Enteritis. This disease is accompanied by 
pain, |)erspiration, and rapid pulse. It is caused 
by cx|K)suro and chill, and the consumption of 
quantities of cold water when the animal is heated. 
Ether and o])ium are usually given, but, again, 
the owner should leave himself in the hands of a 
skilled adviser. 

Diarrhoea (Scour). If the dung is largely 
mixed with mucus, great weakness soon follows an 
attack, but simple looseness, although it should 
not l)e ignored, may mean nothing. Bad cases 
occur from sudden changes of food or of pasture, 
from the consumption of bad food or water, and 
from chill. A pint of linseed oil with an ounce of 
tincture of opium may be given to clear the bowels, 
after which a binding draught may be administered, 
if necessary, this consisting of powdered chalk, 
catechu, and opium, the doses being arranged by 
a good druggist. 
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the dung is mixed with blood ; there is great weak- 
ness, and inflammation of the organs of digestion. 
In such there must be prompt action, good nursing, 
and the best advice, lliarrhcca in calves is .caused 
by acidity, chill, and careless feeding. In ordinary 
cases to 2^ oz. of castor oil may bo given in 
accordance with the ago and size of the animal, 
followed by periodical doses of a cordial containing 
powdered chalk, ginger, opium, and catochu. It is 
prepared by any good druggist. Many cases of 
diarrhma are infectious, hence the importance of 
supreme cleanliness and isolation. 

White Skit, op Scour. This is common 
among (;alve8 taking milk. In ordinary cases the 
oil and cordial may b<» given as above, but when? 
the disease is the result of a bacillus, Nocard’s 
system must bo adopted. The animal shivers, 
there is rapid emaciation, and death. The discharge 
is very thin, and a ye lb /wish -grey. Practically no 
treatment succeeds in effecting a cure. The one 
thing is to prevent its occMirreiUK*. The bacillus 
enters the system through the navel cord ; hence, 
when the cow is about to calve, she should be kept 
in a disinfected box on cb'aii straw'. The cord of 
the calf after birth should he tied with thread I ^ to 
2 in. below the navel, and cut an inch below the tie. 
The cortl should then be dressed with a solution 
composed of 1 gram of iodine crystals, 2 drachms 
of iodide of potash, with 500 cubic centimetres of 
water (1|\) pints), and subsequently coated with a 
solution of 1 gram of iodine crystals ami .500 cubic 
ceiitimetn*s of alcohol. This must be allowed to 
dry thoroughly, when a layer of I per cent, iodine 
collodion should be painted or coated over it, and 
well dri(;d before the calf is released. Cows about 
to calf should Iw disinfected with a 2 per cent, 
aolntion of creolin in water. The hands of the 
operator and tlu^ knife and thread employed 
should be sterilised or disinfected. 

Broken Horns. In bad cases the stump may 
be romov(Hl ; in others it may be smeared with thc5 
best Archangel tar, bound with tow, and subse- 
quently with a clean cotton bandage. 

Cowpox. Pustules appear upon the teats, 
being usually communicated by the hands of 
milkers ; hence the importance of cleanliness. 
The affected teats may be bathed with a mixture 
of I oz. of cjhloride of lirno in two quarts of water. 

Poisons. The most common vcgt;tablo poisons 
are yew and rhododendron ; but whether these have 
been eaten, or whether the animal has in some 
way consumed mineral poisons, the services- of an 
expert are essential. 

The pulse of a Ix^ast is taken at the jaw, and is 
45 beats per minute, while the temperature, which 
is taken in the r(?etum, is 101° F. 

DISEASES OF SHEEP 

The remarks we have made on anthrax and 
foot and mouth disease under the head of Cattle 
apply also to sheep. Both diseases are notifiable. 

Catarrh. This is indicatod by ‘a running* at 
the eyes arid nostrils, sometimes with the addition 
of a cough, loss of condition, and refusal to feetl. 
The animal should be isolated, nursed? kept warm, 
and fed with gruel, to which a drachm of nitre 
may be added from time to time. 

Pneumonia. An attack of this disease is 
accompanied by fever, loss of condition, thirst, 
laborious breathing, and refusal to feed. It is 
caused by exposure and chill, and is dangerous. The 
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strength should be maintained by the aid of spirits, 
two tablespoonfuls being given in linseed tea, milk, 
or gruel, with a little ginger added. Expert advice is 
essential in dealing with pneumonia. 

Braxy. Braxy is a highly fatal disease, which 
it is almost useless to treat. The head hangs, the 
back is rigid, and there is grinding of the teeth. The 
direct cause is believed to be found in bad feeding, 
especdally on decomposing grass. A palliative is 
found in*a supply of salt to the flock, and good, 
sound ])asture8. The diseased sheep should be at 
f)ncc isolated, and a purgative in gruel may be trietl, 
or a veterinarian called in, but in all cases slaughter 
is the most c*conomieal course to adopt. 

Dysentery. This is recognised by abnormal, 
fetid droppings, mixed with mucuis and blood, 
with fever, weakness, and n^fusal to feed. It 
may be caused by a chill. The sheep should bo 
isolated, well fed on flour gruel, and in mild eases 
treated with powdered chalk and opium, the 
quantitic'H to be in accordance with age, or the 
cordial for scour in calves may be administered. 

Hoove. This results from fermentation of 
food and the production of gas, as in cattle. When 
a flock is placed on green food or roots, th(i allowances 
should be limited until they have become accustomed 
to the change. A purge of 3 oz. of Epsom salts with 
a little ginger is advisable, followed by oatmeal 
gruel, about 4 oz. at a time. If the symptoms do not 
abate, the trocar and caniila may be used. 

•Parturient Fever. This disease is the result 
of blood-poisoning, often following delivery by the 
shepherd with hands which have not been dis- 
infcjcted. It is accompanied by fever, the discharge 
of a dark fluid, pain and diarrhcea, and is highly, 
dangerous. When assisting a ewe, the shepherd 
should take the greatest care to purify his hands 
with diluted carbolic acid, 1 part to 50 of pure water, 
and, if nc^cessary — indeed, it almost follows that it 
is necessary — the parts may be syringed with a 
mixture of I part of carbolic acid to 10 parts of 
glycerine. If the affected animal needs a stimulant, 

I wo or three tabhispoon fills of whisky or brandy at a 
lime may bc'. given in flour gruel, adcling an ounce of 
tincture of opium if there is diarrhcea. 

The pulse of the sheep, which is taken at the 
hewt, beats 75 times per minute, while the 
(emperature of the body is 101® E. When mcHlicine 
is administered, it should bo from a small bottle 
Auith a long, narrow nock, the fluid being slowly and 
gently passed down the right side of the mouth, 
and kept clear of the tongue. 

: DISEASES OF PIGS 

The diseases of pigs which are notifiable to the 
police are swine fever, foot and mouth disease, and 
anthrax. The two latter have already been 
referred to in connection with cattle, and need no 
further description. 

Swine Fever [NJ. This very destructive 
and contagious dscaso should Ibe handled with 
promptitude and energy. Where any doubt 
occurs in diagnosis, the veterinary inspector or 
surgeon should be immediately called in. Affected 
swine show«fevor, great thirst, refusal to feed, and 
a skin patched with purple, especially on the belly. 
A case should be immecliatcly isolated on present- 
ing such an appearance, and on being declared as 
Swine fever each animal affected should be 
slaughtered, and others which have been in contact 
with them^isolated and treated under the advice of 
the Government inspector. Every place occupied 
by diseased pigs should be thoroughly disinfected. 


Inflammation of the Lungs. This is due 
to exposure and chill, and is accomiMiniod by a 
dry cough, abnormal brc'athing, and shivering. 
In cases where the disease is not severe, and where 
the condition hardly warrants slaughter, tlie patient 
may be kc])t in a dry, warm sty, and ra])i(lly fed 
for the butcher. It may possibly bo found that the 
lilMiral use of new milk with good meal will bo 
followed by a rapid increase in weight and the 
prevention of any serious loss. An affected pig 
needs exceptionally good feiuling and nursing, with 
dry warmth and plenty of air. A light blister, made 
by mixing mustard and turpentine, well rubl)ed 
over the affected jiart, is sometimes ff»llowed by 
good results, but this should be accompanied by 
medicine obtained from the v(‘terinary surgeon. 

Measles. This troublesome complaint is 
accompanied by fever, pustules under the tongue, 
and red blotches on the skin. The patient should 
1)0 kept in a warm, dry, well- ventilated sty, 8U])plied 
with good food, such as milk given slightly warm, 
together with an ounce of sulphur twice daily, 

R-heumatism. This chiefly affects young pigs, 
which apparently become cramp(!<l, especially in 
the hind limbs. The complaint is causiMl by lying 
upon damp beds, hot maniire-hca]>s, or oven eokl 
stone, concrete, or brick floors with insufficient 
straw. Wooden bcnch(‘S well eovered with dry 
wheat-straw should be provided, so that the animals 
can make themselves warm and comfortable. A 
mixture of turpentine and mustard may be rubbed 
well into the affected limbs. 


Sore Throat. Sorcl hroat is a serious complaint, 
often resulting in death. There is swelling on the 
throat or neck and tongue, while the membrane of 
the mouth becomes abnormally dark in colour. 
The pig rapidly loses condition and strength, and, 
iinlc'HS the disease is arrested, death speedily 
follows. The throat may be fomented, Epsom 
salts administered at the outset, and the advice 
of a veterinarian obtained. 

A Useful Medicine Chest, The following 
materials should be kept in store by every stoc'k- 
feeder. They chiefly consist of simple remedies or 
appliances which any intelligent man may employ 
upon recognising the complaint which they are 
intended to relieve. Wti think, however, that in 
all serious cases the pre])aration and administration 
of medicine should ho left entirely to those who 
have been ])roperly trained for the pur^wse. fn 
deciding upon the employment of a veterinary 
surgeon, it may be well to arrange to pay for his 
services by an annual sum or by definite foes. 


List ori- ^ 
Condy’s Fluid 
Tincture of amrnoni • 
l^owd(?red aloes 
Epsom salts 
Castor oil 
Mustard 
Sulphur 

Powdered catedi’i 
Artjhangel tar 
Foot-rot ointment 


EDTCINKS 

Carbolic acid (poison) 
Nitre 

Spirits of camphor 
Linseed oil 
Olivo oil 
Powdered ginger 
Prepared chalk 
Spirits of tar 
Sneep dip 
(Vlf cordial 


Instruments and Materials 
Trocar and canula (Uamps for castration 

Clinical thermometer Twitches for horses 

Knee-caps and bandages Scaring iron 

Diseases of stock due to animal parasites are 
dealt with in the course on Natural History. 

JAMES LONG 
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The Electricity of the Atom. An Imaginary Atom. Experimental 
' Atoms. Valency and Chemical Union Explained by the Electron Theory. 

THE MODERN THEORY OF MATTER 


T he root question of chemistry is the nature of 
matter, and we have already seen that, while 
matter has the habit of existing in the form of 
atoms, these are elementary only in the sense 
of the older chemistry. Plainly, we must pro- 
ceed to dissect them. Now, atoms are not mere 
aggregates or heaps or accumulations of simpler 
components — one atom, let us say, consisting 
of half a dozen, and another of ten. An atom, 
like a man or a society, is not an aggregate, 
but an integrate — that is to say, is not a heap, 
but an organism. A heap of stones is an 
aggregate; the cathedral which may bo com- 
posed of such a heap of stones is an integrate ; and 
it is not without reference to this analogy that 
wo have had occasion to liken an atom to St. 
Paul’s Cathedral. 

The Anatomy of the Atom. In 

discussing, then, the anatomy of the atom 
(the reader will observe the interesting con- 
tradiction in terms— the cutting up of the iin- 
cuttablc) — in discussing the anatomy of the 
atom, wo have two distinct problems. The 
first is to ascertain the nature of the units which 
compose it, their different kinds if they be of 
different kinds, and their characters ; the second 
is to ascertain their relations to one another — 
with this noteworthy complication : that these 
relations are not permanent and changeless, such 
as the relations of the stones in a building, 
but are constantly undergoing rearrangement, 
which strongly suggests the evolxition of thoughts 
and feelings in the mind of man, or the evolution 
and molecular change that arc to be found in a 
bving cell. 

On account of reasons which will probably 
make themselves evident, we may begin with the 
second problem, towards which we are more 
directly led by our previous study of the old(»r 
chemistiy. For the moment we shall ignore its 
more difficult part — the question of the changes 
of relation that constitute the evolution of an 
atom. Admitting that such changes occur, wo 
may ignore them, and coniine oureelves at present 
to a study of the relat ions between the parts of 
an atom a5 they are believed to persist for long 
periods — perhaps thousands or millions of years 
in the case of the lighter and more stable atoms. 
It would obviously bo premature at this stage 
of our exposition to tackle directly such a com- 
plicated question as that of the birth of the 
helium atom from the atom of radium. But 
the reader is already aware that we have identi- 
fied bodies which we may call electrons or cor- 
puscles, and of which atoms arc composed — in 
art- at any rate. In the case of radium, wo 
new them at first as the Beta rays, and their 
distinctive characteristic is that they cariy a 
charge of negative electricity. 


The Electricity of the Atom. For the 

present we need no more facts save to remember 
that if these negatively charged corpuscles are to 
live together so as to constitute an atom, there 
must bo some bond of union between them. 
“ Like electricities repel *’ ; one negative corpuscle 
will not be reconciled with another unless there 
be “positive electricity,” so-called, which will 
master them both. We may thus assume, ac- 
cording to the teaching of several students, the 
first of whom in our time was Lord Kelvin, while 
the chief worker is Sir Joseph Thomson, that 
an atom is an area where there is positive 
electricity of such an amount as will balance — 
as will exactly balance, if the atom be stable — 
the sum of the negative electricity of all its con- 
stituent corpuscles added together. Wo might 
assume that the atom was a flat object, that all 
its electrons lay in the same plane, but it is more 
satisfactory, and doubtless much more nearly 
tnio, to assume that the atom is spherical, and 
has, in short, a tri-dimensional character. For 
the present we will make this assumption, bftt 
the reader must on no account allow himself to bo 
persuaded that atoms are asserted to bo really 
spherical. The sphere, however, is the simplest 
figure that we can choose if we are to abandon 
any attempt to represent the atom as a flat 
object, and tlio sphere is, beyond a doubt, much 
nearer the truth. 

An Imaginary Atom. Now, Sir Joseph 
Thomson’s inquiry was this : assuming that 
the atom is a sphere of positive electrification, 
in which lie a number of negatively electrified 
bodies, how would they tend to arrange them- 
selves, and what would be the consequences of 
their arrangement ? In order to simplify our 
problem we must assume — and never forget that 
wo have only assumed it, not proved it — that 
the electrons, or negatively electrified corpuscles, 
are at rest. We have, of course, every ground to 
believe that they are by no means at rest, but 
wo must attack the simpler question first. Again, 
it is believed that in tho case of the simplest 
known atom — that of hydrogen — tho number of 
electrons, or negatively electrified corpuscles, 
must be from 700 to 1000, but, plainly, 
wo cannot begin with such figures, and must 
consider what would happen in the simplest 
conceivable case*. Tho simplest of all is that, 
of course, in which there is only one negative 
electron, such as exactly to balance the positive 
electrification of the atom. In such a case, the 
negative electron would lie at the cesktre of tho 
sphere. If there were two corpuscles, «they would 
b^ balanced with themselves, and with the posi- 
tive electricity — that is to say, the atom could 
exist M a stable object, assuming that no outside 
force interfered with it — on condition that they 
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wore placed upon a diameter of the sphere at 
points exactly midway between the c(‘ntre and 
the circumference. Tf there were three cor- 
puscles, they would have an equally simple 
arrangement, forming an equilateral triangle, 
symmetrically arranged about the centre of the 
sphere. If there were four corpuscles, they 
would form a square ; five would form a pen- 
tagon. And at this ))oint we begin to reach a 
marked difference. Wo might expect that, if 
the number of corpuscles were increased, they 
would behave just as they do when the number 
is so few — that is to say, they would arrange 
themselves in a continuous figiire, just as if th(\y 
lay on the surface of a smaller sphere placed 
within the sphere that constituted the boundary 
of the atom. But they would not and cannot. 



ELECTRO xNS IN THE ATOM 


Not so Simple as it Looks. Such an 
arrangement would appear satisfactory, since 
it might be supposed that the whole structure 
would bo balanced by the positive electricity 
and the negative electricity, thus having 
what looks like a symmetrical arrangement. 
Supposing this were so, the difference between a 
heavy and a light atom would depend simply 
upon the number of the corpuscles that consti- 
tuted it, and the difference in the relations 
between the corpuscles would simply amount to 
this ; that in the lighter atom they were loss 
crowded than in the heavier. There might thus be 
a perfectly regular arrangement ; there might 
just as well be an atom containing 937 corpuscles 
as one containing 938. One would not be more 
stable than the other, and the properties of the two 
would differ in the infinitesimal degree which the 
difference in their structure would require. 

But if we look at the list of the elements 
arranged, let us say, in order of atomic weight, 
we find no such simple sequences. There is not 
a uniform measure of increase in weight as we 
ascend the list, nor is there a uniform change in 
the properties of the elements r#prescntc*d. The 
pre-eminent feature of such a table, as we have 
again and again insisted, is that it is periodic. 
Groups of characters come and go, and come 
again. Th^re is a more or less regular recurrence 
of them. •That is the whole meaning of the 
term “ periodic law.” 

The Survival of Atoms. Now, Sir 
J. J. Thomson has shown that directly the 
number of corpuscles increases beyond five in the 
model atdm we have imagined, a new kind of 
airangement is met, and the result of his matbe- 
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matical inquiries, together with certain experi- 
mental facts, and togcth(*r with the knowndacts 
of the periodic law, leads us to the conclusion 
that systems such as we have imagined are^stablo 
only under certain conditions. For instance, if 
there were 938 corpuschss in such a sphere, it 
might bo stable ; but if l)y chance it lost one, 
the 937 could not arrange* themHelv('s in any 
stable fashion. It might l)o necessary for 21, 
or any other number of additional corpuscles, 
to bti lost before a st able st ructure could be pos- 
sible. Is it not more than probable that the gap 
between, let us say, uranium and radium, or lead 
and silver, is capable of some such explanation 
as this ? 

And here, again, we may disct'rn a n(*w 
meaning in the assertion which we made in a 
previous chapter as to the [>ossibility that 
Krnpedocles was right, and that the law of 
natural selection, or the survival of the fittest, 
is true of atoms as well as of living things. 

Brief Life of the Atom. We remarked 
that the reason why there is so very litth? 
radium in the world is that its atom is un- 
stable ; it can survive for only a brief time, 
so that many specimens of it cannot accumu- 
late. It was further asserted that wc must 
now regard the few score different kinds of 
atoms with which we are acquainted as the 
relatively stable survivors from an infinite 
number of oom'eivabh^ atoms, most, or indeed 
all, of which may have momentarily come into 
existence again and again, but have been 
unable to survive. It is believed that the 
number of ( lecjfrons in an atom of mercury is 
about 200,000, and those in an atom of radium 
about 250,000 (perhai)s more nearly 225,000 
(*lectrons in the atom). 

Why, t hen, should there not be at least 225,000 
or 250,000 (lements, if it be not tlip.t the 
laws of atomic structure permit less than a 
hundred to survive ? 

Sir J. J. Thomson has shown that, instead 
of one ring or spluuv of corpuscles, two an* 
necessary directly we go beyond the number of 
five [see diagram]. Of these, one consists of 
fewer corpuscles than the other and is nearer 
the centre ; throw in a few more, so to speak, 
and three group.*^ are required, lat(;r four, and 
so on. It has been said that we conceive of 
the atom as having three dimensions, but it is 
possible to make most interesting expewments 
of the highest illustrative importance and 
having strict accordance with Sir Joseph Thom- 
son’s calculations from purely abstract con- 
siderations, if we arc content for the mom('nt to 
conceives of the atom as having two dimensions 
only — that ia, as being flat. 

Experimental “ Atoms.” The experi- 
ment was devised by Professor Mayer. l<’ir.st, 
a surface of still water represents the plane of 
the flat atom. Each negative corpuscle is 
represented by a little magnetised needle, which 
is made to float by being thrust through a piece 
of cork. The needles are all arranged so that 
the negative poles are uppermost and the 
sitive poles below. The negative poles 
have to one another. as the corpuscles of an 
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‘^atom ^must behave to one another, tending to 
repel one another with a force varying according 
to the law which is now so familiar to us — the 
law of inverse squares. Now, some arrangement 
has to be provided to represent the positive 
electricity which holds the atom together, and 
this is easily done by a positive magnetic pole 
which is hung over the water. 

Supposing wo start with one needle ; it is 
immediately fixed under the magnet. Throw in 
another. The first moves from its original 
position, and the two assume the positions we 
have already defined ; and so on through the 
triangle, the square, and the pentagon, until, 
when a sixth needle is thrown in, we find not 
a hexagon but a pentagon, with one needle in 
the middle of it. Later on, two go to the 
middle, then three, forming a triangle ; then 
there is a square, a pentagon, ayid so on and so 
on [see diagram]. 

Wo must closely recognise the significance of 
this. Here is the pcricxlicity which the other 
arrangement — now proved to bo impossible — 
did not display, the periodicity which the 
periodic law demands. For observe what 
happens, supposing we strip off the outer ring 
and leave an inner triangle [see 10 in illustration 
on page 2419j. 

Plainly, we have an atom such as one wo have 
already seen. Plainly, also, the fact of the 
triangle will tend to make the larger atom re- 
semble, in some degree at any rate, the smaller. 
Perhaps the one stands for chlorine and the 
other for bromine. And another fact needs 
almost equal emphasis. It is the sudden trans- 
formations of the entire grouping which may bo 
caused by the insertion of one needle more, 
while if yet another be added there may be little 
modification. It just takes its place in the outer 
ring. That is true, for instance, if the numbers 
bo 16, 17, and 18; but if one more needle bo 
thrown in, the whole structure is changed, and, 
as it happens, the change is still more marked 
when the twentieth is thrown in. Supposing 
wo multiply all these figures by a few hundreds, 
wo can now readily understand how it is that 
numbers of corpuscles intermediate between tho 
figures so obtained could not form a stable atom 
at all. They might make a momentary attempt 
to form an atomic organism amongst themselves, 
but it would immediately evolve into a more 
stable form. 

Rotational Grouping of Electrons. 

The complication introduced by the fact that the 
electrons must certainly be conceived as in 
motion is not so serious as would appear. 
Wo can imagine these various rings in a state 
of rotation around the centre of the sphere, 
without the gix)uping of the corpuscles being 
altered in any way. 

The complexity introduced by the fact 
that Mayor’s needles are in a plane, while 
the corpuscles of the atom must have a tri- 
dimensional arrangement, is much more serious, 
but it is by no moans insuperable. Already 
Sir J. J. Thomson has succeeded in his initial 
attack upon it, and, so far as the plane arrange- 
ment is ooncemed» or the arrangement in rings 
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rather than shells, he has shown how such 
corpuscles must be arranged up to numbers well 
on tho way to a hundred. 

Application of the Theory to Valency. 

Let us now see what facts this new theory of the 
structure of matter enables us to understand, 
premising most clearly that wo are by no means 
attacking the ultimate question yet, but have 
merely advanced our problem from the stage in 
which the properties of the atom seemed to bo 
entirely mysterious to a further stage in which 
they seem to be more or loss intelligible — both 
stages being no further than atomic, however. 
We are very far indeed yet from considering 
the further question which must face us after- 
wards. 'But, taking the subject at this stage, 
let us see which of the properties of matter wo 
can explain, confining ourselves for the pur- 
poses of the present course to those properties 
which may bo called more distinctly chemical. 

In the first j)lace, let us lake valency, tho 
curious property of atoms in virtue of which 
they seem to have a varying number of “ arras,” 
while tho newly discovered group of inert 
atmospheric gases have no “ arms ” at all. 
When we come to study tho behaviour of 
Mayers needles, or of the negative electrons 
which we have conceived, according as 13, 14, 
20, etc., of them are organised within one area 
of positive electrification, we find an intelligible 
explanation for, at any rate, the main facts of 
valency, and are not without prospect of explain- 
ing all the rest. 

We find that when there are, let us say, 
60 cor])usclcs in the organism of tho atom 
— ^the reader, of course, understands that tho 
figure is quoted merely “ for purposes of illustra- 
tion ” — the addition of one more corpuscle 
does not fundamentally alter the structure of 
the atom. In another case it is similarly found 
that the subtraction of one corpuscle does not 
fundamentally alter the structure of the atom ; 
or the atom may tolerate the loss or gain of two 
corpuscles or three, but no more. 

Atoms such as the first we have supposed will 
be one-handed, the others will be two-handed, 
three handed, and so on respectively. Thus, wo 
may reasonably suppose valency in any case 
to be determined by tho number of electrons 
which the atom in question can gain or lose 
without having its whole constitution altered — 
without, for instance, having to arrange its 
electrons into thro© groups instead of two, or 
five instead of six. 

The No-Handed Elements. The reader 
may ask what chemical differences correspond 
to the difference? we have suggested by using 
the alternative “gain or lose,” and we shall 
now see that the alternative corresponds quite 
satisfactorily to observed facts. But let us 
spare a woid for the no-handed elements. Now, 
it is the most remarkable fact that this zero 
group of elements fits as satisfactorily into 
Thomson’s theory as we have already ^een it to 
fit into the peri^ic law of Mendeleef. On the 
supposition already stated, the peouliaiity of tho 
particular numbers of electrons that^ compose 
the atoms of the members of this group should 
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be that they cannot tolerate th(^ loss or the gain 
of even one electron without losing tlieir stability. 
Such a structure plainly will bo without any 
combining power at all. Now, it is found 
that the arrangement of 59 electrons and also 
that of 67 is in this case, and it is surely very 
much more than a coincidence that seven atoms 
are possible between these two, and tliat seven 
atoms do in fact occur — lithium, beryllium, 
boron, carbon, nitrogen, oxygen, fluorine — be- 
tween helium and neon, as also indeed between 
neon and argon. Thus, ^ the theory provides a 
satisfactory explanation for valency and for 
absence of valency alike. 

The Explanation of Chemical 
Union. This magnificent theory will also lead 
118 to understand the fundamental facts of 
chemical union. Plainly, it would not bo of 
very profound value if it failed to explain the 
most characteristic and abundant of all the facts 
of chemistry. For long years men have spoken 
of chemical forces and chemical affinity and 
chemical energy. The philosophic mind has 
always expeoU^l that some day these powers 
would be resolved and recognised as essentially 
one with the other manifestations of energy in 
the universe. The physicists long ago out- 
stripped the chemists in a similar respect. They 
showed the identity of heat and energy of 
motion [see Physics]. They showed the corre- 
spondence between heat and w’ork, heat and 
electricity, and so on; and they framed, over 
half a century ago, the great generalisation of 
the conservation, the convertibility, and the 
ultimate identity of all the forms of energy. 
Sooner or later the chemists had to fall into line 
with this doctrine — as, indeed, they did not 
hesitate to admit. 

The Electrical Nature of Chemical 
Forces. Of recent years, evidence for the ulti- 
mately electrical nature of chemical forces has 
accumulated, and Professor Thomson now seems 
to have solved the problem altogether. The 
chemical elements are divided or classified 
according to their electrical properties, some being 
more or less markedly electro-positive, while 
others are more or less markedly electro-negative. 
If we look at a list of the elements we find that, let 
us say. No. 1 is what is called electro-positive, 
and so on increasingly till No. 8, which is still 
more so, whereas No. 9 is very electro-negative, 
and so on. There is not a continuously steady 
rise and fall in this electrical property, but 
sudden interruptions, and then continuous rise 
or fall for a time. Thomson’s theory of atomic* 
architecture completely explains this fact. 

An atom with a certain number of electrons 
has, let us say, 15 in the outer ring and 10 in the 
inner. Now, according to mathematical theory, 
10 is the smallest number for the inner ring that 
is compatible with the presence of 15 in the outer 
ring. Such an atom has, so to spt?ak, no rope 
to spare. It is electrically unstable or electro- 
positive ; add another electron, and it becomes 
very unstable or electro-positive ; and then, at 
a certain point a totally new arrangement is 
reached, find the atom becomes very stable or 
electro-negative again. Well, let us suppose 


that sodium and chlorine atoms are placed in 
one another’s company. The sodium atoms are 
electro-positive, and are readily capable o^losing 
one electron apiece, being therefore also one- 
handed. The stability of the chlorine atoms, 
again, is compatible with the acquirement of 
one electron apiece. They are tiuis electro- nega- 
tive and also one-handed. Obviously, the cir- 
cumstances are fit for combination between these 
atoms and the compound sodium chloride will 
result, owing to an electrical attraction between 
the positive atom of the metal and the negative 
atom of the halogcm. The electron which the 
one atom loses is conveniently accommodated in 
the other atom. 

Explanations of Periodic Law, Wo 

have already insisted upon the importance of 
the fact that the arrangement of Mayer s needles 
— as experimentally observed, an(l as demon- 
strated about ten years ago at th(* Iloyal Institu- 
tion by Sir J. J. "J’homt-on before the most illustrious 
audience which the present writer has ever seen 
there — that this arrangement has a definite 
law' of periodic recurrence as the number of 
n(‘cdles is increased. Purely abstract mathe- 
matical considerations have also demonstrated 
the necessity for this periodicity. At last we see 
why, on reading the table of the periodic law^ 
we come at recurring intervals to ck'inents that 
resemble one another. Wh'Tcas w’o find that 
No. 1 and No. 2 are dissimilar, No. 1 resembles 
Nos. 9, 10, and 23, let us say ; while No. 2 restimbles 
Nos. 11, 18, and 25. Thus wo have groups such 
as lithium, sodium, and potassium ; phos- 
phorus, arsenic, and antimony ; the group of 
the halogens, and so forth. While these re- 
semble one another chemically when s\ibjected 
to the ordinary teats, the physi(*ian can add the 
corroborative evidence that their actions on 
the human body display similar resemblances. 
The theory of Thomson lit-s in to a nicety with 
all th(58e facts. 

What One Electron May Do. Our 

imaginary atom with 20 electrons may have 
them arranged in an outer circle of 12, an 
inner of seven, and om? central one, which 
has got as near as it can to the positive magnet 
as illustrated in Mayer’s experiment. If another 
needle or electron he insert(*d, the whole arrange- 
ment may be completely altered. You get an 
atom of a totally different kind ; which is to say 
that you get an element having totally different 
properties, as different, let us say, as the pro- 
perties of sodium and magnesium — which follows 
it in the tabic of the periodi*? law. But when a 
certain number more be added, what we find is a 
reproduction of the original arrangement with 
the addition of an outer circle, representing the 
new electrons added. Plainly, the first arrange- 
ment suggests such an atom as sodium, the last 
arrangement such an atom as that of potassium, 
and the theory explains the similarity between 
the two ; while the intermediate arrangement or 
arrangements represent the atoms of magnesium, 
aluminium, silicon, phosphorus, sulphur, chlorine ; 
the unlikeness between sodium and potassium 
on the one hand, and all these other elements on 
the other hand, being similarly made intelligible. 
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Value of the Theory. Indeed, this 
great \heory co-ordinateB and illuminateB whole 
Meries of facts hitherto awaiting explanation. It 
is justly comparable to discoveries like those of 
gravitation, MendcFs law, the association 
of ideas, or the circulation of the blood. The dis- 
covery of the periodic law constituted an epoch 
in chemistry. It consisted in the observation, 
grouping, and correlation of a very large number 
of individual facts. It is really worth while to 
point out the remarkable correspondence between 
the work of Mendeleef in this respect and the 
great labours of Kepler. The astronomer spent 
years in observing the planets and finally de- 
duced from them his three laws of planetary 
motion. They constituted an epoch in astronomy, 
but obviously neither the periodic law nor 
Kepler’s laws constitute the final stage of the 
inquiry. In each case we must ask a further 
question : What is the explanation of the laws 
already ascertained ? Why do the planets 
move in this fashion ? Why do the elements 
display this periodicity ? The Kepler and the 
Mondoloef are alike essential, but their work is 
completed and their labours crowned when 
a Newton arises to elucidate the greater law of 
gravitation, of which the laws of planetary 
motion arc merely consequences, and a Thomson 
arises to elucidate the fundamental fact of 
atomic architecture, of which the periodic law 
is similarly only a consequence. Indeed, we are 
able to say that if matter bo really made of 
electrons the atoms of the elements are inevitably 
bound to display that periodicity of properties 
which Mendeleef demonstrated but could not 
explain, just as Kepler demonstrated but could 
not explain the movements of the planets. 

Further Proof. Every kind of con- 
firmation that can possibly be suggested is 
being found to come, to the service of what its 
author calls the corpuscular theory of matter. 
We have already mentioned facts of valency and 
of absence of any valency ; the facts of chemical 
union ; the facts of the periodic law ; the facts 
of the grouping of the eJiuncnts. To these we 
may add the facts of the triads of elements 
which were mentioned in a previous chapter. 
It was pointed out that in the case of chlorine, 
bromine, and iodine, for instance, or calcium, 
strontium, and barium, the atomic weight of 
the nii(hllo element stands almost exactly 
midway between the atomic weight of the first 
and third elements. It is an easy matter to 
study the groupings of small numbers of cor- 
puscles as, for instance, 61, 41, and 25, and show 
that if these numbers be taken to represent 
atoms, the atomic weight of the middle atom 
is about half-way between the atomic weight 
of the first and third atoms. The three atoms 
closely resemble one another. The fact is 
explained when wo look at the groupings. 
Twenty-five corpuscles form three rings, con- 
taining 13, 9 and 3 ; these three rings are 
found to recur when we take 41 corpuscles ; 
there is merely a fourth ring of 16 addecl outside 
them. Again, they recur when we take 61 
corpuscles, having this time not merely the 
fourth ring of 16, but a fifth ring of 20. 
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A completely different method of inquiry affords 
yet new confirmation to Thomson’s theory. It is 
found that when the light emitted by any element 
in a glowing state is analysed by means of the 
spectroscope, constituting the process called 
Spectrum Analysis [see Physics], definite 
and distinctive characters can be recognised 
as belonging to each element, such characters 
ultimately depending, of course, as we now see, 
on the structure of their atoms. Now if we 
take the spectra of a group of elements we find 
that they are related to one another in structure, 
and iSir J. J. Thomson has shown, by mathe- 
mationl reasoning, that groups of electrons related 
to one another in the fashion indicated in 
the previous paragraph would necessarily 
produce related spectra of the kind actually 
observed. 

Groups and Series. Reference has 
already been made to the fact, which we may 
well emphasise, that the electrical characters of 
the elements afford further confirmation of the 
theory. When elements are arranged in groups, 
as in the table of the periodic law, wo may read 
the columns downwards, in which case, for 
instance, we get such a sequence as helium, 
noon, argon, krypton, xenon ; or may read 
across, in which case wo get such a sequence 
as that recently quoted, consisting of the seven 
elements that lie between helium and neon — vfSf., 
lithium, beryllium, boron, carbon, nitrogen, 
oxygen, fluorine, these elements belonging ro- 
spoetivcly to groups one to seven. Such a sequonco 
as this last constitutes what, in order to em- 
phasise it, we call a series of elements ^is dis- 
tinguished from a group. Now, a group 
consists of members which closely resemble 
one another, but we must recognise that there 
is also a relationship, though of a quite different 
kind, between the members of a series. This 
relationship is most clearly expressed in the 
case of the electrical properties of the ele- 
ments already referred to, and corresponds in 
the most amazing way with the relationship 
which ought to exist if Thomson's corpuscular 
theory bo correct. iSC* 

The Last Stage. Now we must ask the 
reader to recall certain statements which we 
made in introducing this part of our subject. 
The whole significance of Thomson’s theory 
hivs not yet boon stated. We have yet to 
apply it to the existence of unstable atoms 
and to see whether it explains their behaviour 
as well as it does that of the stabW atoms 
with which we are now familiar. Further- 
more, as has already been insisted, we have 
by no means pushed to the last stage our 
inquiry in what we call the root question of 
chemistry. It is all very well to speak of a 
sphere of positive electrification, for instance, 
but whence does it come ? Of what, or in what 
does it consist ? Similarly, with tpe negative 
electrons. When we discussed radium we spoke 
of the shooting out of some of these from the 
atom of radium. But if these things are the 
ultimate constituents of matter we must follow 
them and see what becomes of them. 

C. W. SALBEBY 
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The Coming of the Slavs, Bulgars, Magyars, and • 

Wallachs, and their Struggle for a Foothold in Europe. 

THE RISE OF THE BALKAN STATES 


*Tiie origin of the states of South-eastern 
* Europe must be sought in the 
history of the East Roman Empire. We 
have long outlived the curious prejudice 
which aftected to regard the Byzantine 
Empire as fit only to be relegated to the 
limbo of things best forgotten. It is 
doubtful, even now, if we realise ade- 
quately the excellence of the immense and 
imposing edifice which Justinian founded 
and Leo the Tsaurian completed. Yet, if 
stability and vitality, if power of cohesion 
and recuperative virtue, be the true tests 
of political efficiency, then the East 
Roman Empire must be pronounced one 
of the most marvellous political organisms 
which ever existed. 

The same ethnographical revolution 
which bridged over the gap between 
ancient and mediaival history in the west 
operated in the east likewise, but with 
this great difference : while the old order 
of things in the west vanished at the first 
touch of the new barbarian hordes, in 
Eastern Europe the empire gradually 
transformed and assimilated the new 
elements without suffering irreparable 
damage to itself for many centuries. The 
unique situation of the imperial city ; the 
more pliable and adaptable genius of the 
Greeks (for from Justinian onwards the 
Hellenic element predominates) ; the in- 
tellectual superiority of the Const antino- 
politan government, which invented and 
triumphantly * applied the science of 
diplomacy when brute force was, every- 
where else, the ultima ratio — these were 
the most salient advantages which enabled 
the rulers of New Rome not only to 
weather the earlier and more terrible 
tempests of the transmigration period, but 
also to provide against similar perils in 
the future. 

The first barbarians wijth whom the 
reconstituted empire had to do were the 
Slavs. As early as 449 one of the numerous 
branches of this great family, possibly 
the Serbs? established themselves along the 
northern t>anks of the Danube, extending 
as far westwards as Dalmatia. An ancient 
and respectable tradition claims both 
Justinian (** Upravda ”) and Belisarius 


C' Velichar ") members of this race. 
Somewhat later, about the end of the 
sixth century, the Bulgarians, a Finno- 
IVian race, migrated from the steppes 
between the Don and the Dnieper, settled 
in M(esia, and, by the ninth century, were 
completely Slavicised in their new sur- 
roundings. Both races became the nominal 
subjects of the empire, which aimed at 
making them serve the double purpose of 
buffer provinces towards the. north and 
recruiting grounds for the imperial generals, 
while at the same time preserving a local 
autonomy. 

But tile Bulgarians, who ‘ remained 
heathens for two centuries after their 
inclusion within the confines of the empire, 
were too martial a race to submit to any 
yoke for long. The empire was continually 
at war with them ; more than once they 
besieged Constantinople itself, and their 
onslaughts were the more ])erilous as they 
coincicled with the interminable attacks of 
the Arabs from the south. During a con- 
siderable portion of this period the I^>ul- 
garian hosts must have iiu'ludcd the 
Servians also as subject auxiliaries. Bul- 
garia and S(‘rvia w^ere converted to 
Christianity about the same time (about 
864-867) by the famous Orthodox mission- 
aries Cyril and Methodius and their 
followers. 

The process was accelerated by ])olitical 
considerations, and had important political 
consequences. Tw'o new kingdoms, for 
w'hose alliance east and west competed, 
arose within the Balkan peninsula. The 
iirst independent Servian kingdom ^ 
founded by Peter in 872 — w'as of compara- 
tively brief duration, but the Bulgarian 
kingdom of Boris and Simeon lasted for 
two hundred years and overshadowed the 
eastern empire itself. At the period of its 
greatest expansion the Bulgarian realm 
stretched from the Danube and DraVv to 
the Rhodope and Pindus ranges, embrac- 
ing the whole valley of the Danube, nearly 
the whole of Thrace, and large parts of 
Thessaly, Macedonia, and Epirus. 

In 866 the eastern empire first came into 
contact with another Slavonic race, the 
Russians, who, a few years previously, had 
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established themselves under their Norse loaders 
at Kiev, on the Dnieper, immediately abutting 
on the vast south-eastern steppes. 

Jt ^as an ideal resting-place and starting- 
point for predatory barbarians with a taste for 
adventure. In 907, Oleg, prince of Kiev, imposed 
a heavy tribute upon Constantinople, but hia 
successor, Igor, in 945, made a perpetual peace 
with the Greeks, and Christianity began to 
permeate “ the land of the Russ.” 

The Christianity of the Russians. 

In 955 the Russian princess Olga was christened at 
Constantinople, though it was not till 990 that 
Vladimir the Great — who, two years previously, 
had been baptised at Chomon, in the Crimea, on 
which occasion he married the Greek princess 
Arna — forcibly converted the Kievlyans to the 
new faith with the assistance of Orthodox 
missionaries. Henceforth the relations between 
the two states were almost uniformly friendly. 
Svyatislav, prince of Kiev (045-972), oven aided 
the Greeks against the Bulgarians ; but during 
the latter part of the tenth and the beginning 
of the eleventh centuries the intercourse between 
Constantinople and Kiev was interrupted by the 
interminable Bulgarian wars which engrossed the 
attention of the emperors of the Macedonian 
dynasty. During the interval the young Russian 
CImrch, under Yaroslav the Great (1019-1054). 
became virtually autocephalous. 

The Weakening of the Greek Church 
Faith. Hitherto the most potent weapon of 
the imperial city on the Bosphorus, a w’eaponfar 
more otTectual than diplomacy, regular armies, 
or Greek fire, because it had a moral aim and 
a supernatural sanction, was the Orthodox reli- 
gion. But at the beginning of the eighth century 
the very foundations of the Orthodox religion 
were undermined by the rationalistic movement 
known as iconoclasm. There can bo no doubt 
that a closer acquaintance wit h Mohammedanism 
as a religion promoted scepticism as to the 
central verities of (Christianity among the more 
speculative Byzantines, especially in the eastern 
provinces of the empire. 

The War Against Images and Ritual. 

To such theorists a deism like the religion 
of Islam would seem clearer, purer, and more 
natural than the highly developed, dogmatic 
system of Chriiitianity, with its intricate, inter- 
pretative ritual. The enq^erors of the Isaurian 
and Armenian dynasties, who reigned from 717 to 
S67, themselves more Oriental than Hellenic, 
and certainly statesmen rather than theologians, 
imagined that the readiest way to defend ortho- 
doxy against the onslaught of a deistic philosophy 
was to abolish or at least to curtail as much as 
possible everything symbolical in religion, as 
being parasitical, or at best superfluous, and 
therefore more liable to attack from, outsiders. 
Hence their open, persistent war against the 
icons, or images. It was the same principle, in 
a less extreme form, as that which moves the 
more destructive section of the higher critics 
of our own day to eliminate the miraculous 
element from Scripture. 


Slav Symbolism Conquers Ideality. 

But strong men though the iconoclastic emperors 
wore, they were not strong enough to reform 
orthodoxy. The sole results of all their efforts in 
this direction was the division of the empire for 
a century and a half into two fiercely antagonistic 
camps, whose hostility seriously weakened both 
the Church and the commonwealth. Historically, 
the ultimate victory of the opposing, or icon- 
duUst, party meant the triumph of the Hel- 
lenic and Slavonic over the Oriental elements 
in the empire. 

The two following centuries (867-1018) 
were a period of recovery and re-expansion 
under the princes of the great Macedonian 
dynasty. Its salient features are the systematic 
conversion of the southern Slavs, and their subse- 
quent life and death struggle with the empire for 
the hegemony of south-eastern Europe. All the 
previous wars had been, more or less, plundering 
raids ; these later wars were for political ascend- 
ancy. Finally, at a terrible cost, the empire 
prevailed, and Basil II. (976-1025) once more 
extended its limits to the Danube. 

The Coming of the Magyars. Within the 
same period ooourrod an event of capital import- 
ance to the Slavonic race generally, which, 
roughly speaking, at that time occupied the whole 
of Central Europe from the Baltic to the Danube. 
That event was the intrusion of the Magyars, or 
Hungarians. The Magyars, presumably an Ugro- 
Fiiinic race, though the real origin of this inter- 
esting ])eoplo is still a riddle, are first heard of 
on tile right bank of the Don, the Lcbcdia or 
Livadia of Greek chronicles. Expelled thence 
by the more numerous Pechenegs, they took 
refuge in “ Etelcuin,” as the contemporary 
Greeks called the districts roughly corresponding 
to Podolia and Moldavia, and were immediately, 
in the year 893 or 894, enlisted in the service of 
the Byzantine emperor, Loo VI., against the 
Bulgarians. 

Occupation of the Hungarian Plain. 

In 985 their chieftain, Arpad, led them through the 
Vereezke pass into what is now the “ Alfold,” or 
great Hungarian plain, but which then formed 
the eastern portion of the vast, shadowy empire 
of Moravia, extending from I'rague to the Dravo 
and the Vistula. By 905 the Magyars had 
occupied the whole of this plain, separating 
permanently the northern and western Slavs from 
their southern and eastern brethren, and thus 
changing the face of Central Europe. 

The Borderland of Eastland- 'West. 

For nearly a century after the “ honfoglaUs,” or 
“ occupation,” Hungarian historians call it, 
the Magyars continued to be pagan and predatory, 
ravaging east and west impartially. Tamed 
at last by the disasters of Augsburg, in 955, and 
Adrianople, in 970, they set about pitting their 
house in order. For some time it was doubtful 
whether they would accept Christianity from 
Pope or Patriarch. Proximity favoured the 
Extern Church, and the first Hungarian prelate, 
Hierothus, consecrated “ Bishop of Turlda,” 
came from Constantinople. * 
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The Hungarians Join the Western 
Church. But as the Byzantine empire grew 
stropger and stronger under the Macedonian 
dynasty, fear of a neighbour so formidable and 
so near moved the Hungarian duke Gcza to 
solicit missionarit^s from Biligrim, bishop of 
Bassan. The question to which branch of the 
Church thi^ Magyai-s were to belong was settled, 
once for all, when Saint Stephen accepted tlu^ 
kingly crown from the hands of the. Bope, 
Sylvester 11., in 1001. Christianity was not, 
however, definitely established in Hungary 
till the b(‘ginning (^f the twelfth century, and 
even then a large pagan ]»opulation, constantly 
reinforced from the outer barbarians — notably 
the (hiinanians, or Huns, who were ])lanted 
in largo coloni(‘s bcycind the Thoiss — bad to be 
'^olcrated by their (Uiristian neighbours. 


beginning of the struggle, centuries long, between 
Hungary and Venice for the command of the 
Adriatic, which ultimately resulted in the 
triumijh of the latter. 

The Formation of “Buffer” States. 

The most dangirous period for Hungary was 
when the Comnenian dynasty restored for the 
last lime the suj)n'inaey of the eastern empire. 
During tlie glorious reign of JManuel (1143-1180), 
hiin.s(‘lf a semi-Magyar — he was the grandson of 
Si . Ijadislaiis — (his danger became acute. Manuel 
treated the Hungarian throne as if it were a 
family possc^ssion, but he was too much occu- 
pi(‘d cisevvhen* to attempt to conquer the country ; 
and on the collapse of bis dy misty, shortly after 
his death. Hungary onee more became a conquer- 
ing power. This (1173 llIH}) is the ])eriod of the 
acquisition of tliose banalcs,” or protective 



The Struggle for the Command of 
the Adriatic. Fortunately, the immediate 
successors of St. Stephen were men of valour 
and genius, quite equal to the double task, diffi- 
cult as it was, of preserving domestic order and, 
at the same time, of asserting the independencjo 
of tile young cimtral kingdom alike against the 
eastern and the western empires, both of which 
repeatedly endeavoured to reduce it to the con- 
dition of a vassal state. One of these early 
princes, St. Ladislaus (1077-1095), conquered and 
Christianised Croatia. His successor, Coloman, 
went still further, ami extended the boundaries 
of Hungary to the sea, successfully contesting the 
po.ssessiou of Dalmatia and its islands with the 
rising young \ enetian republic. This was the 
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marches, Baina, or North Bosnia, Macso, or 
North Servia, and ►Sziireny, or West Wallachia, 
wiiieh so long, protected Hungary from the in- 
cursions of her southern neighbours.*^ 

A Relapse to Barbarism, and Rescue 
from it. Tlte thirteenth century, however, 
was a period of dire calamity and complete 
disintegration. The degeneracy of the Arpad 
dynasty, the consequent domination of a lawless 
and conscienceless oligarchy, theTarfcor cataclj’^sin 
(1240-1243), the haphazard rc-peftpling of the 
ruined kingdom with semi-pagan elements like 
the Cumanians, resulting in a general lapse into 
savagely affecting their dynasty itself — all these 
visitations and the cumulative effect demon- 
strated that Hungary must be regenerated from 
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without if she were to remain a member of the with their neighbours and with each other, and the 

(Jhrislian commonwealth. The Holy See, there- intermixture of religious with political questions 

fore^ wisely intervened ; the last Arpad was — such, for example, as the rivalry of the two 

liunted down, and the iron diseijjline of feudalivsm, young autocephalous churches and the prose- 

administered by the great princes of the Neapo- lytising efforts of tlie poi)es, to whom more than 

litan branch of the House of Anjou (1308-1382), one “ rex Slavorum " owed his kingly crown — 

raised the fallen kingdom once more from her prevented anything like stability. Another more 
ashes to an un[)recedented degree of power. insidious but none the less powerful solvent was 

The Dominance of the Slavs. Mean- the Bogomil heresy. This unnatural and anti- 

while, the Balkan ]K*ninsula had beciomc jiredom- social revival of maniclueism — which established 
inantly Slavonic. Tlu‘ Greek cm pin* disappeared itself in Bulgaria between 027 and 968, and by 

from Kurope. Its supplanter, the feudal empire of the end of the fourteenth century had permeated 

Romania, with(‘ring rapidly in uncongenial soil, all the Slavonic races of the Balkan peninsula — 
had, within a few years of its foundation, virf u- though most virulent and indomitable in Bosnia, 

ally shrunk within the walls of Oonstantinople. struck at the roots of doim^stic, social, and 

It "was an t‘asy task for Michael Paleologus, in political life, and was one of the most powerful 

1261, with the aid of the Genoese and the Vene- contributory sources of the comparatively easy 

tians, to cleanse the orthodox capital from the triumphs of the Turks over the outwardly im- 

Latin d('d)ris. But the now (uupire w'as but a })osing but inwardly rotten Slavonic kingdoms. 
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shatlow of the old one. Its restoration w^as The Irresistible Regulars of the TurKs. 
mainiy a succccssful commerciid speculation on The Turks, on the other hand, when they first 

the part of the Italian maritime cities. The appeared above the European horizon — capturing 

Greeks wore from the outset too heavily burdened Gallipoli in 1356 — were uniquely equipped for a 

by their obligations to their allies to profit by their career of conquest. Already they* alone of all 

delusive good fortune. They could ])ay their nations possessed, in the “ Jenieheri ” (the 

debts only by redueirig their armaments, and Janissaries), a*regular standing army recruited 

collapse was the inevitable, if long-j)ostponed, from the flower of tho conquered populations, 

result. Anyhow, from the beginning of the and bound together by the indissoluble ties of 

thirteenth to the middle of the fourteenth cen- a discipline which was a tenet of their religion, 

tiiries Serbs and Bulgars triumphed over (4n*eks How could the self-willed, undisciplined hosts of 

and Latins alike, and divided the inheritance of South eastern Europe stand before veterans 

Constantinople between them. whose first and last duty was absolute obedience 

Hal Kan Dissensions Through Race to their leaders ? Eive years after the trans- 

and Religion. Unfortunately for themselves, ferciico of their capital from Broussa to Adrian- 

and for Europe, the great Ncmanyidae and ople, tho forces of the united Slavonic kingdoms 

Asyenidai dynasties, which represented Seiwia were annihilated on the field of Kossovo in 1389. 

and Bulgaria respectively, were constantly at war The gallant attempt of tho feudal chivalry of 
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Hungary and Weatorn Europe to stem their 
progress failed miserably on the field of Nicopolis 
in 1396. By the end of the century their empire 
stretched from the Danube to Thessaly. 

The TurKa Tighten Their Hold on the 
Balkans. The destruction of Sultan Baj asset L 
by Tamerlane the Tartar, or more correctly 
Tatar, at Angora, in 1402, presented Christen- 
dom with the only r. al opportunity it has over 
had for expelling the Turks from Europe at next 
to no cost. The opportunity was neglected, the 
young Osmanli empire was allowed a quarter of 
a century to recover from its wounds, and by 
that time the fate of the southern Slavonic lands 
was sealed. . For the next 500 years they were 
simply Turkish sandjaks, or military districts, 
with no history of their own. 

The Hungarians as Defenders of 
Europe. Constantinople owed its brief respite 


assisted by a new nationality, the Wallachs — 
from which they thcms(‘lves were descended 
who founded semi-independent prineipalitfcsdn 
Moldavia (1354-1359) ami in Wallachia (4338- 
1369). It is c\ddent, from the earliest-known 
coins of the Wallachs, that their ruN'rs were 
Slavs of the Kuthenian, or Little Russian, stock, 
and originally vassals of the Hungarian Crown. 

The official language of the Hospodars of 
Moldavia and Wallachia was Ruthenian for cen- 
turies to (!ome, though th(? people over which they 
nilcd seemed to have been the descendants of 
Trajan’s Roman coloni(*s, and spoke a language' 
in some respects even closer to Latin than cither 
Dalian or Spanish. 

Wallachs Become Tributaries to the 
Turks. The independence of the Hospodars 
was necessarily short-lived. Their principalities 
traversed the line of least resistance! to the 
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to the energetic intervention of the Hungarians, 
who woto routed, indeed, at Varna in 1444, and 
again at Kossovo in 1448, owing to the undis- 
ciplined impetuosity of the feudal chivalry, but, 
under Janos Hunyadi and his son ^latthias, held 
the balance equal during the cri|ical last half of 
the fifteenth century. The victories of these 
extraordinary men, which so astounded their con- 
temporaric.s, were due principally to their con- 
summate gcjiieralship. They were the first t-o 
.demonstrate, that a skilfully handled, regular 
army of Europeans was a match for almost any 
number of Janissaries and spahis, however brave, 
unless the odds were absolutely overwhelming, as 
they proved to be at the battle of Mohacs in 
1526'. The*victorious Hunyadis were materially 


Turkish advance, and, at the best of times, they 
were de[)endent either upon Hungary or Poland, 
according to circumstances and political exi- 
gencies. Walhachia j)fUd tribute to the Porte 
as early as 1396; Moldavia not till 1513. But 
their comparative distaiu^e from Stamboul 
enabled them to maintain some pretcmic of 
autonomy at the worst periods of their clio- 
querod history, and tho Turks themselves 
regarded the Danuhian principalities as some- 
thing higher than the down-trod(h*n provincc.i of 
S<!rvia, Bulgaria, Bosnia, and Greece. In tho 
figurative language of the Divan, they were 
“ the two wings ” by means of which the. Padi- 
shah could tako further flights northwards. 

R, NISBET BAIN 
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Considerations in the Inception of a Raiiway. Potentiai 
Earning Powers and Costs of Construction and Maintenance. 

RAILWAY CONSTRUCTION 


T hk objects for which railways have sometimes 
been built arc very diverse, and include 
military and political objects. Many railways in 
Russia and other parts of Kurope and in India 
have been constructed with a single eye to the 
movement of troops in time of war. Other 
railways, of which the Canadian Pacific; Railway 
is an (Example, have been initiated, if not main- 
tained, to effect or consolidate the political union 
of the countries or provinces through which they 
run. The l^ganda Railway has been built to 
introduce civilisation into that part of Africa, 
and in numerous instances, particularly in British 
India, there are railways the construction of 
which would have been iruh^linitcly postponed, 
if not utterly abandoned, had it not been for the 
neoessity of providing work for a famine-stricken 
population. 

All these examples of railway building, though 
their existence should be borne in mind, are in 
their nature exceptional. The main object of 
railway building is to supply a comm(;rcial need 
in return for a commercial recompense. The 
great majority of raihvays are built with this 
object alone, and there are no railways, even 
among those roferr(‘d to, which have not been 
built with a careful regard to this end. 

What a Railway is. A railway may bo 
regard<;d from more than one; point of view. 
Considered m(;rely as a physical entity, it may 
be defined a.s a roadway ada])tcd foi* the exclusive 
use of vidiicles provided with flanged wheels. This 
definition Avould also includi; street railways, or 
w^hat wo now call tmminufs. A railway as 
understood in this country is confined to ways 
with rails rais(‘<l above tlu^ level of the ground. 
A railway may also be regarded as an economic 
organism ; and this is an aspect that must never 
be lost to view', since upon the success or failure 
of a railway as an oconomie organism its expan- 
sion or decadence as a physical entity depends. 
Kconomically considered, a railway is simply 
one of the numerous organisations necessarily 
evolved by all civilised communities for the 
purpaso of carrying its members and their 
goods. 

If successful, it will develop and expand as 
the numbers and wealth of the community grow, 
and ite sucoe^ will depend upon the efficiency with 
which its functions are performed in competition 
with other railway organisations and with 
different forms of locomotion. 

Competition. When once it has been 
ascertained that a district affords sufficient 
traffic to justify the construction of a railway, 
there is no other consideration of such far- 
reaching importance as that of the competition 
which may immediately or ultimately arise. 


The profits to be derived from a commercial 
undertaking can under ordinary circnnK^tances 
never exceed greatly that of the \isual return 
from other enterprises of like standing, since if 
the profits are much higher, competitors will bo 
attracted to its particular sj)h(;re of activity, 
and thus tend to reduce the profit to a more usual 
level. 

Exceptions occur when the enterprise is in 
some way protected from competition, whether 
by law or from physical causes. 

When the line of an existing railway occupies 
the only feasible rout<; betAvc;en two or more 
centres of ])()pulation it is protected by physical 
causes from the competition of other railw'ays, 
and, to a groat extent, from the competition of 
other forms of land locomotion. In default of an 
only feasible rout(‘, if a railway occupy the best 
possible route which the topography of tlio 
country affords, a great measures of protection 
will be secured. By this it will be seen how 
important it is, in fixing the lino of a new' 
railw'ay, to discover and decide upon one which 
is not niciT'ly good enough, but as nearly as 
possible the best. 

The Land Occupied. The ground over 
which a railway runs is for ever spoiled for any 
purposes oth(;r than a road. Tliis is one of the 
serious risks of railway (‘ntcu priso. Jn almost 
any other kind of t^ommereiid undertaking the 
land purchased can, in the event of failure, be 
sold without any great loss of value. Even a 
canal may be convert(‘d into a railway. Many 
have been so convertiKl. But a railway cannot 
be converted into a. canal. The possession of 
land gives to the railw ay that is, to the railway 
organisation — occupying it, the rights of a land- 
lord in tlu; monopoly of its use. Such rights 
unmodified w ould afford a very strong protection 
against <;ompetition of all sorts. But since the 
land required for a railway is a long thin strip 
which it w'ould in almost every case bo impossible 
to a<!quire without the assistanee of the I^egisla- 
turo, the authorities, in granting tlie necessary 
powers, arc always able to stipulate for such 
modifications as may seem necessary for the 
protection of the public. 

Concession or Act of Pau^liament. 
The legal enactments enabling the construction 
of railways Ure treated in Parliamentary 
8URVEYING [page 1109]. 

It is sufiicient to point out here that the 
terms of the concession necessarily exercise a 
very important influence upon thef* general plan 
and details of construction and equipment. The 
maximum rates for passengers and for the 
various classes of goods are usually fixed, together 
with a number of physical quantities, among 
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which the most important are the gauge, or 
width of the road, the greatest permissible 
gradient and sharpness of curve ; the mini- 
mum distance at which the trains may bo 
allowed to pass buildings, signal posts, and other 
trains ; the lowest height at which the lino may 
pass over public roads and rivers, etc. Such 
stipulations may, and often do, materially 
restrict and hamper the engineer in his choice 
of expedients. 

Nature of the Organism. An under- 
taking of the magnitude and national import- 
ance of a railway can very seldom be the work 
of one individual, but must in practically every 
instance be done by the public for the public. 
(Certain members of the community will specialise 
themselves for the purpose, devoting as share- 
holders a part of their property to carrying it 
out, or, as employees, their time and labour to 
carrying it on. Others, as customers, will con- 
tribute some of their means in order to participate 
in the benefits it affords. 

The ordinary form in which the revenue 
account of a railway appears shows how the 
services rendered and the sacrifi(;es madii by 
the different groups of persons are balancid one 
against the other, of wliich we give a condensed 


summary : 

llEVlSNUE AcCOI^NT. 

Dr. Cr. 

Wages and £ Traffic Uc- £ 

materials . . 582,000 ceipts 964,000 
Dividends and 
Interest . . 382,000 

£064,000 £064,000 

The traffic rcceiptH are contributed by cus- 
tomers. Wa^fes (and if the railway bo great 


enough to mine and manufacture for its(4f, the 
item rnaterialfi also) are tlio remuneration of 
employees, Avliilo interest and dividends are 
the recompense of those who have Kacrificed 
their property for the construction or develop- 
ment and expiiiision of the railway. 

The Working Ratio. The ratio of 
the wages and material to the traffic receipts, 
obtained by dividing; the former by the latter, 
is called the vx)rkxng ratio, and is usually 
presented as so much per cent. The working 
ratio in the present instance is 60 per cent., a 
very usual figure in Great Britain. 

The following is a list from the principal 
countries for which railw'ay statistics are avail- 
able of the working ratios that obtain in each 
instance : 



Per cent. 


For cent. 

Austral i 


68 

Hollaiffi ,. 

.. 66 

Austria-Hungary 

65 

Ireland . . 

.. 62 

Belgium . . 

, , 

61 

India 

.. 44 

Canada . . 

, , 

64 

Italy 

.. 75 

Cape Colohy 

ind 


Roumania 

• . 69 

Natal . . • 


71 

Scotland . . 

.. 64 

Dutch Indies 

, , 

57 

Spain 

• . 47 

England and \ ales 

63 

Switzerland 

.. 57 

Prance . . 

• • 

62 

Turkey . . 

.. 60 

Germany • 

• * 

65 

United States 

.. 65 
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It will bo seen that this most important 
relation is a very variable quantity. In tho 
language of elementary algebra w^c may say, 
if R represent tho traffic receipts of a railway — 
t.c., the amount shown on the right-hand? side 
of the revenue account, of which an example 
is given above — and X and E represent tlio 
amounts of tho two groups of items Inoiight 
together on tho other side of the aoeount, in 
the order given, then R X + E, since tho 
two sides of the account must balance. 

Tho w'orking ratio, to be represented by -q. then 
X E 

become.s equal to ;J-,and u 1 where E 

R R 

represents tho net earnings. But it has been 
shown that E, the n*compenso for investment 
of capital, tends, tinder the iritluence of com- 
petition, to become a proportion thereof ap- 
proximating to the rate of return upon capital 
inv’ested in other business of ecpial standing. 

This tendency may bo exhibited by actually 

E T 

equating the two, and w'e have where 

J is the per cent, of the rate in tpieslion, or tho 
value of money for commercial }>urpo.^cs in tho 
country at the jieriod considered. Multiplying 

both sides of this equation by we obtain 

R _ J R J ' 1 

c “ 100 ’ E 100 ■ 1- V 

Thus, the V(*ry im]U)rtnnt (piantities R, C, J, 
and q constantly tend loward-i values tho 
r(4ation of which is conveniently pressed by 
H J " 

tho equation - , vvliero ?/ as well as J 

1 77 

is expressed in pci’ cent. 

In (heat Britain, as a w’hol(‘, the working 
ratio has ns(‘n from under 50 per cent, during 
the sixties to over 60 fier cent, at the ]>reserit. 
time, this change being in a groat measure 
accounted for by tlu5 diminished value of 
money, as above explaimd 

Cost of Construction. Betoro going 
further, it wull bo desirable to form sorm? idea 
aa to the co.st of a railway. Anytliing from 
£4,000 to £60,000 or even £100,000 per mile, 
though true, is rather too vague for our purposes 
It is important that anyone^ engaged in railway 
W'ork, immersed in detail — as, of necessity, lie 
usually is — should retain a clear vision of th(» 
cost of tho whole, as w'oll as its objeet-s and 
function, in order that he may not be at fault in 
estimating the value and tlio relations of his 
particular part. 

£ X lb. -f 10 X lb. 


is a formula easily romemborc'd and appluid. 
The symbol lb. here represents the number of 
pounds avoirdupois which one yard of the rail 
used will weigh, and the symbol £ the number 
of pounds sterling that the rails cost per ton 
delivered. 

This quantity doubled will give approximately 
tho least cost of tho permanent way of a single 
line of railway per mile of open lino in sovereigns. 
The formula is not intended for practi(ail use, 
but merely to fix ideas. The permanent way 


2431 



GROUP 8-CIVIL KNOINBERINQ 


includes the rails, the chairs which support the 
rails, the sleepers to which the chairs are fixed, 
the* broken stone or ballast upon which the 
chairs are laid, together with the bolts and 
other fastcuiings, for main line and sidings. 

The mrih icorfc — the cuttings and embank- 
ments upon which the permanent way is laid — 
together with the necessary bridges, etc., will 
cost in a moderately undulating country about 
the same, and the necessary buildings and other 
works a similar amount. The minimum of 
equipment — ?.c., the engines and vehicles — will 
probably come to less, say 

J {lb. X £ 4- lb. X 10} 

But the cost of obtaining the necessary 
legal powers to build, and the expenses of 
lU'quiring the land, cannot be included in a 
general statement. 

The approximation of the results of this 
formula to actual figures depends rijjon the 
fact that, in a well-designed railway, the weight 
of the rails per yard of length is to some extent 
a gauge tus to the number and size of the sleepers 
taken, as well as to the amount and ({uality 
of the ballast beneath them ; whil<‘ the cost of 
the rails per ton delivered is a rough measure 
of the whole eost of the material utiliscxl, as 
w'cll as of the oxi>ense of doing the work. As 
a rule, the heavier rail is associated with a more 
level road, and thcridore with more <'arth work. 

According to the formula the permanent way 
of a singl(5 line of railway with 80 lb. rails at 
£6 per ton would be : 

2 (80 X (> I- 80 X 10) 

= 2 (480 4 800) 

= 2 X 1,280, or .. £2, 500 per mile. 
Karth work, etc. . . 2,500 „ „ 

(3 1 her works. . 2,500 ,, „ 

Total cost of road £7,080 „ ,, 

With 30 lb. rails it would come to about half, 
as the cost per ton would be rather more. 
Neither of these ligurcs arti very far from the 
average results of actual working. 

Estimation of Receipts. The main 
factor in deciding the construction of a railway 
is the amount of its estimated annual traffic 
receipts. The cost of construction comes 
second, as this can be modi lied in various Avays 
in order to, deal with the greater or less amount 
of traffic. 

Numerous formulas have been invented for 
determining the receipts to be anticipated from 
a proposed railway, all of which, however, have 
but a local, or very restricted, application. 

In settled countries the density of population, 
or the number of inhabitants *por square mile, 
in the district through which it is to pass is 
the basis in every ease. In new' territories 
the estimate involves a further estimation as 
to the amount of immigration and probable 
commercial development. 

In all cases comparison must bo made with 
other districts as nearly like it as circumstances 
permit, and the estimate calculated on the 
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assumption that the local traffic receipts per 
mile of line will vary directly with the density 
of population and with the area served. The 
through traffic, which is derived from other 
railways, or the seaboard, etc., will usually 
be of a competitive character, and will deiiend 
upon the special facilities that can be afforded. 

The chief difficulty consists in finding suit- 
able subjects for comparison. The demand for 
railway accommodation depends chiefly upon the 
industrial development of the population. When 
a number of self-providing families occupy the 
land, there is little occasion for wholesale carriage 
except of passengers for pleasure. But w'here 
the land is occupied by numerous communities, 
each dt‘voted to some special production, tlie 
materials for which and the results of which 
they exchange among themselves or with foreign 
countries for mutual consumption, a very high 
contribution per head will be made to the traffic 
receipts of the railways. The extent to which 
this specialisation of em})loyment is carried 
is also ch'pendent upon the density of pojmlation 
when other circumstances are similar ; con- 
se(iu('ntly the traffic receipts of an established 
railway tend to iricrt'ase in a geometric ratio 
rather than in an arithmetic ratio to the dcuisity 
of population. Often the traffic receipts will 
be found to vary approximately with the 
density of population squared. 

'Hie method of estimating the pi obable traffic 
rce(Mpts of a railway by careful caleulation of 
the output of mines and factories, etc., both 
actual and potential, accompanied by the 
detailed compilation of road statistics — i.c., 
the number and character of passing vehicles — 
is extremely laborious, and no more certain 
than the foregoing method, since the amount 
of such that can be diverted to a railway 

remains a matter of conjecture. It is, however, 
useful as a check upon the former. 

Working Cost. It has already been 
pointed out that the establishment of a railway' 
i.s the result of a public effort to provide a public 
service of locomotion. The effort is made in 
tw'O ways. The first is measured by initial 
capital expenditure, and the se(;ond by the 
annual working expenses, the amount of which 
we shall now consider. 

The chief thing to remember is that the whole 
aim and object of the first is to diminish the 
amount of the second. This point will be de- 
veloped later. For the present purpose it is 
sufficient to note that every detail of the con- 
struction of a railway must be studied in respect 
to it-s influence upon the ultimate amount of 
working expeniS^s, having regard to the kind of 
work — that is to say, the description of service 
—the railway is constructed to afford. 

The railways of the United Kingdom began 
the present century — to take a conspicuous date 
— wdth a cash subscribed capital, of almost 
exactly £1,000,000,000, w'hich brought in a gross 
revenue of almost £100,000,000. Thus the 
flgiires of the combined revenue account 
for that year present themselves at once as 
percentages of the whole. 
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The expenses were as follow in thousands of 


pounds : 

Maintenance of way and works . . . . 9,540 

Locornotiv'o power (including stationary 

engines) . . . . . . . . . . 19,288 

Hei)air and renewal of carriages and w^aggoris 5, 1 73 
Traffic expenses (coaching and inerchandiHo) 19,348 
General charges . . . . . . . . 2,459 

Hates and taxes . . . . . . . . 3,757 

(Joverninont passenger duty . . . . 330 

Compensation to employees . . . . . . 14H 

Compensation for ptTScjnnl injuries, etc. . . 192 

Comi)ensation for damage and loss of 

goods .. .. .. .. .. 517 

Legal and parliamentary expenses . . , . 306 

Steamboat, canal, and harbour expenses 3,031 

Miscellaneous working expenditure . . , , 648 

Total working expenses .. .. 64,735 


^I'heso heads of expenditure are those pre- 
scribed by law for this country, and require 
some rearrangement before they can be turned 
to account for our presemt purpose. In the 
words of a well-known authority : “ Hates and 
taxes and government duty we may best strike 
out altogether. They rei^rescnt not so much 
an actual expenditure as a deduction from 
income. Compensation ought to come in where 
it belongs, (compensation to an injured plate- 
lay (‘r is properly part of the ‘ maintenan<!e of 
way ’ expenditure ; to an engine driver is part 
of ‘ loc()raotiv(5 power,’ and so on. Parliamen- 
tary expenditure, if incurred in the proii*iotion of 
a mnv lino, is properly part of the capital cost 
of that. line. If incurrcjd in opposing a scheme 
believed to be contrary to the company’s in- 
terest, it is a ‘ general charge ’ ; or, in other 
words, is included in expenditure incurred, not 
in any special department of work, but for the 
benefit of the undertaking as a whole. Similarly, 
legal expenses should go where they belong. 
Fighting a claim for compensation for damage 
to goods is a nceessary part of the cost of carrying 
goods ; prosecuting for trespass on the lino 
belongs to the expense of ‘maintenance of 
way ’ ; as would also litigation with, or drawing 
a contract with, a builder for station repairs, 
and 80 forth.” 

Maintenance Departments. The des- 
tination of the whole revenue of a railway 
company may be described as maintenance 
of one sort or another and grouped luider four 
heads. 

Maintenance of Phjsical State wall comprise 
maintenance of the rails, fastenings, sleepers, 
ballast, earth work, bridges, culverts, fences, 
stations, signals, locomotives, carriages, wag- 
gons, etc. 

Maintenance of Traffic will comprise the cost 
of running the trains, coal, -wages of engine 
drivers, stokers, guards, porters, stationm asters, 
watchmen, signalmen, inspectors; cost of light- 
ing, cleaning, stationery, etc. 

Maintenance of the Organism will include the 
cost of c<^ordinating the actions of the whole, 
and consist chiefly of expenses incurred at the 
head office. 

Thus, all the working expenses can be dis- 
tributed under these three heads, while the net 
earningar which, together with these, account for 
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the whole revenue, are devoted to the main- 
tenance of the proprietors, who, after paying the 
interest on the debts of the undertaking, have 
the l^lance for their own enjoyment. And it 
is usually found that if the railway cannot 
adequately maintain its proprietors, its pro- 
prietors will cease adequately to maintain the 
railway. In the scheme on the preceding page, 
tlie expenses and earnings of an English railway 
have been separated out and divided into aliquot 
parts of the whole. This gives an aira igement 
of figures easily understood and remembered, as 
well as one that closely corresponds to average 
conditions, the adjustments needed to divide 
the expenses into equal divisions being vc^ 
much smaller than the deviations found in 
actual working. 

Facts for the Constructor. Tlie busi- 
ness of the builder of railroads is chiefly 
concerned with those items of expense included 
under the headings, “ Maintcmance of way 
and works,” and ” Locomolive, carriage, and 
waggon expenses.” The object of a railway 
is to reduce the cost of transportation. A 
heavy cajiital expenditure is incurred for this 
purpose. A railway is so efficient a means of 
doing this, that when originally, introduced 
almost any constnielion might be a commercial 
success. Tn these days, however, tlie const nictor 
must do his utmost to ensure that such work 
i.s done, and in such a way, as to reduce the cost 
of trans 2 >ortation in working to the lowest 
amount possible, having regard to the kind of 
traffic to bo dealt with and the aiumint of the 
ca})it.il oxiienditure required to so reduce it. 

The scheme iircsents also the items of oxjiendi- 
ture in amounts per train-mile. The meaning 
of this is that tlu^ amounts in every ca»e have 
been divided by the number of miles that have 
been traversed by the trains run during the i>eriod 
with which the accounts of expenditure deal. 
The object of presenting the items of expendi- 
ture in this form is to afford a convenient 
means by which 1 lu? cost of working on different 
railways can bo compared with one another. 

Running Expenses. It will he seen that 
the actual cost of running a train one mile i.s 
apjiroximately Is., this being the averages amount 
of the expenditure upon oil, fuel, wages of em- 
ployees on the train, repairs to locomotive and 
vehiiiloa. The cost of dealing with the train- 
load at each end of its journey apjiears as trajpe 
expenses y and amounts also to an average of 
approximately Is. Tlie wear and tear to 
the railway itself and the works — i.e., building.s, 
etc. — that belong to it comes to about Gel. j)er 
train-mile. Adding to this the amount required 
to keej) in repair and renew when neccsr,ary the 
vehicles and locomotive of the train itself, we 


have once more Is. on the average devoted to 
maintaining the whole plant of the organism 
in efficient physical condition. 

Physical Maintenance. The cost of 
maintaining the railway, buildings, and plant is 
obviously in a different category to that of run- 
ning trains and attending to traffic, of which 
the remaining expenses of a railway chiefly 
coniist. Tlie latter will depend upon competi- 
tion and public demand to a much greater extent 
than the former. 

Quickness in despatching parcels and goods, 
punctuality in trains of all kinds, comfort in 
passenger carriages, convenience at stations, are 
costly means of attracting traffic, but will not 
affect the item now under consideration. The 
cost that is incurred under it will, on the other 
hand, depend to a very great extent upon the 
solidity and workmanship of the structures, on 
their appropriateness to the purposes they were 
intendi^d to fulfil, and the skill with which they 
were designed. 


The Minimum Conditions. Before 
passing to the study of construction in detail, it 
may be w'ell to point out the least conditions 
that must be fulfilled before railway constniction 
of any kind is jusliru^d. 

ff’he ex 2 )enses of keeping a railway of the lightest 
description in proper reimir and its equipment 
ill a state of working efficiency will amount at 
least to the average wages of one man for every 
mile of way ojien. The other exiienses of 
dealing with traflie are not likely to bo reduced 
to le,ss than one-third of the receipts. The 
ininimiun value of X is not, therefore, likely to 


JK 

bo reducible to less than le -f -- when w is the 

t5 


average wages of an employi!^. HeiKJO, if the 
estimated value of R is not greater than w -f ^ 


by an amoimt sufficient to jiay adequate interest 
on the catiital requir(;d to build and (‘((uiii the 
railway, the conditions will not suffice to justify 
construction at all, a railway is too ambitious 
a sclieme, and humbler means of transportation 
must be adopted. 

In Groat Britain the minimum conditions are 
reached wlieii the estimated receipts are no 
more than £1 per day or £360 a year per mile of 
line open to traffic. If the average wages of 
employees per head be as small as 25s. or 
£05 per annum, the total expenses might be 
brought down to 05 -f — £175, which, 
deducted from £360, leaves £185 os net earnings, 
thus enabling, at 4 per cent., a capitalisation 
of £4,625 per mile, which is less thaA that of 
any light railway in this country would be 
unless built in very favourable circumstances. 


R. W. WESTERN 


A dictionary of Technical Terms and Phrases used in Civil 

Self-Educator 


Engineering appears at the^ei^d of the 
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I. A Brief Introduction to the Earliest Writers of English 
Prose Fiction, with a Note on the Place of the Novel. 

A STUDY OF ENGLISH FICTION 


'T'hat there are in our midst today 
many people to whom the word 
** novel ” is anathema indicates how in- 
vincible may become a prejudice that has 
once sunk deep into the public mind. For 
generations the novel has been a thing 
abhorred by a considerable section of the 
religiously minded ; and although a more 
liberal view of fiction is now, for tlie most 
part, held, there still exists against novel- 
reading an amount of prejudice which can 
be maintained only by ignorance of what a 
novel really is. The double meaning of the 
word “ fiction may probably have had 
something to do with the continuance of an 
antagonism whii'h, originating no doubt 
when novels were too often stuffed with 
scandalous “ adventures ” and prepos- 
terous stories, wherein lawless ])assions 
WTi'e at least displayed if not always 
belauded, has long since ceasf^d to liavc 
more than occasional juslification. 

Prose fiction, indeed, may be the very 
essence of truth; in the liands of the 
niaster-w'riters it is truth. An hisrorical. 
novel, w' herein the actual facts of history 
may be altered by the romancist to suit his 
story, may yet give, as a whole, a picture 
of the time in wliich its action takes place 
that is nearer to the life than a history that 
is accurate in evc'ry detail. By sheer mental 
vision the novelist sees and conveys to us 
an impression of the truth that is more 
vivid and lasting than that which the 
historian, with his procession of recorded 
facts, may be able to make, 'fhus, one 
could betray no greater ignorance of 
literature than to suggest that prose 
fiction was unworthy of serious study 
on the ground that “ mere fiction ” can 
be of no use to anyone. 

Cut out the romance, the novel, and 
the short storv from English liter- 
ature, and it would be small comfort to 
protest that there still remained to us 
the history, the essay, the poem, and the 
drama ; yes, even though these preserved 
a Carlyl^, a Lamb, a Wordsworth, and 
Shakespeare ! Our prose fiction must be 
accounted one of our greatest national 
treasures ; and no matter how^ contemptible 


some modern novels may be, they are but 
unworthy specimens of a magnificent 
literary form to the standard exain])les of 
which we counsel both student and general 
reader to give serious consideration. 

The great novel is, in a word, one 
of the indispensable means of modern 
culture. Jane Austen’s description of the 
novel as it should be can hardly be im- 
proved upon. A novel, according to this 
charming exponent of one phas(‘ ol 
the art of fiction, is a work “ in which 
the greatest powx'is of the mind are 
displayed, in which the most thorough 
knowledge of human nature, the happic'st 
delineation of its varieties, the liveliest 
varieties of wit and humour are con- 
veyed to the world in the best chosen 
word.^.” And did not R. L. Stevenson 
write : “ The most infliumtial books, and 
the truest in their iniluence, an* works oi 
fiction. They repeat, they n'arrange, th(‘y 
clarify the lessons of life ; Ihev disengage 
ns from ourselves, they constrain us to the 
acquaintance of others, and thev show us 
the web of experience', but with a singular 
('hang#*- that monstrous, consuming cgu of 
ours being, for the nonce, struck out ” ? 

When w'orthy of the name, the novel com- 
bines the essential qualities of drama and 
poetry ; when perfectly fashioned, it is as 
much a w'ork of art as a statue by Phidias 
or Praxiteles, or a painting by Rapliael 
or Titian, and it d(*mands and deserves to 
be judged accordingly. Some of tlie 
greatest men have sought relaxation and 
found inspiration in reading and in waiting 
novels. If time is wastecl over works of 
fiction tlie blame must attach only to the 
equality of thcjse that are read, and the 
carelessness of the reader in his choice. 

It is too freciuently forgotten that novels, 
as a form of art, must be regarded as we 
regard dramas and poems. Drama is com- 
posed of two main divisions, comedy and 
tragedy, but each of tliese divisions lurs 
many subdivisions ; and the cpiality of a 
play is to be judged by its relation to the 
standard of its particular division. This is 
the case with the poem cuid its relation 
to wdiat we understand by the epic, the 
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f narrative, and the lyrical standards, as we have 
already learned in previous studies. What is 
true of the jday and the poem is true of the novel, 
with tins proviso : that the novel is susceptible 
to more numerous gradations, and still more 
intricate classification. 

The late Sir Leslie Stephen once defined the 
artist as one whose main purpose it is to receive 
impressions of iinages the ref)roductiori of which 
may make this world a ^little better for us all. 
This description of the artist is absolutely true 
of the writer of novels who is a novelist in deed 
as well as in name. 

Aids to the Study of Fiction. But 

ht‘re comes the difficulty for the student, at 
whatever age ho may a})proach the theme, as 
the field covered is so vast. The phrase “the 
world of fiction” is no idle figure of speech. 
The student of fiction needs cluirt and com- 
pass no less than the traveller in an unknown 
country; without them, inevitably he will have 
more to regret than mere waste of time. Let 
him therefore begin by consulting carefully 
some good map of the country he proposes to 
explore. In other words, l(^t him at the oiit.set 
of thi.s branch of study secure some sound 
knowledge of the liistory of the suhje^ct as a 
whole, so that ho may not fall into the error of 
Accejding fiction as mere “ readii\g for an idle 
hour. ” For a short study of the su bjoct wq know 
of nothing better than David Massons brilliant 
lectures: “British Novelists and their Styles: 
B<*ing a Critical Sketch of the History of British 
Prose Fiction ” (1859). Another invaluable and 
more easily })roeured work is Professor Walter 
Raleigh’s “ The Engli.«h Novel : Being a Short 
Sketch of Its Hi.story from the Earliest Times to 
the Appearance of ‘ Wavtuh'v.’ ” B. Tuckcr- 
iinn's “History of Prose Fiction” (1882), 
Si dney Lanier's “ The English Nov(‘l and 
the Principles of its Development ” (lSS,’j), and 
W. J. Dawson's “ Makers of English Fiction 
(1905) are also useful. 

The studcMit who has mastered these books, 
or even the first, second, and last named, 
will be in a position to make that choice upon 
which the profitable study of particular ])enods 
or writers dejicnds. Mucli that is of real .service 
will be found also in Jonathan Nield's “ (luido 
to the Best Historical Novels and Talcs” 
(1904); Elizabeth Lee’s able translation of 
M. Jiisserand’s “ The English Novel in the 
Time of Shakespeare ” (1901) ; Nassau W. 
Senior's “ Essays on Fi(^tion ” (1864) ; the Hon. 
A. S. G. Canning's “ History in Scott’s Novels ” 
(1905); Walter Frewen Lord’s “The Mirror of 
the [Nineteenth] Century” (1900); and Sir 
Walter Scott’s “ Essay on Romance.” 

The Origin of the Novel. It does not 
fall within the scope of this sliort study qf the 
beginning of English fiction to trace the origin 
of the novel back to the dawn of folk-lore and 
legend. There is no trait in human nature more 
universal than the love of story-telling and 
story-hearing. The first of novelists wore un- 
doubtedly the professional story-tellers of the 
East. The old talcs and legends and romances, 
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from which the mcKlern novel has sprung, 
passed from one generation to another by wora 
of mouth. Their history is akin to that of the 
Hindu Scriptures. One example may be quoted 
as evidence of the love of the story and of its 
utility: the interest awakened in the young 
by the stories and parables of the Bible. Modern 
research has discovered novels in the brick 
libraries of Babylon and in the inscriptions 
on Egyptian papyri. 

Professor Fliirders I’etrie, the archaeologist, 
for instance, in his “ Egyptian Tales,” has this 
noteworthy comparison : “ It will be noted 

how the growth of the novel is shadowed 
out in the varied ground and treatment of the 
tales (dating from 4000 B.c. to 1000 b.c.). The 
earluK'it is purely a collection of marv^els or 
fabulous incidents of the simplest kind. Then 
we advance to contrasts between town and 
country, between F!gy[»t and foreign lands. 
Then personal adventure, and the interest in 
fchemes and succof-ses, become the staple 
material; while only in the later periods does 
character cojne in as tlie groundwork. Tlie 
same may be seen in English literature — first, 
the tales of wonders and strange lands, then 
the novel of advcaitnie, and lastly the novel 
of character." 

Influence of Foreign Writers. In 

a European sense, as Emerson says, every 
novel is a debtor to Hom(*r. Indebted to the 
“ Iliad ” and the “ Odyssey,” it is also beholden 
to Italian intlnenee -iind exam))le. Though the 
point is as elusive of Sf'ttlement as the origin 
of the English drama, the fact that the word 
“ novel ” is derived from an Italian root favours 
the theory of the descent of this branch of 
English literature from the iidereourse between 
England and Italy in the fourteenth century. 
One of the fathers of the noved is certainly 
Giovanni Boccaccio (h. J313 ; d. 1375), who 
was one of (he first of the moderns to give 
to popular tales the graceful garb of prose 
fiction. But English commerce wdth Spain 
and Portugal in the sixteenth century is a 
factor in our literature that cannot he over- 
looked. So with Homer and Boccaccio wo 
must place Miouel de C1ervante.s Saavedra 
( b. 1547 ; d. 1616) among the potential fathers 
of English fiction. Nor must w^e forget the 
inttuenccs of the Norman Trouveurs, of the 
ehivalric legends of Alexander, Charlemagne, 
and King Arthur, and of the satirical fiction 
of Fran(,"ois Rabelais (h. 1483 ; d. 1553). 

The points arc admirably and lucidly dealt 
with by Professor Masson, w ho notes as^f special 
significance the dates of the following trans- 
lations into English (we have already drawn 
attention to the wealth of English translations 
in our study of English Prose) : Part of Boccaccio 
in 1556, followed by Cintio’s “ Hundred Tales ” ; 
the “ Golden Ass ” of A'puleius, ini 1571 ; the 
“ jEthiopica ” of Heliodorus, in 1587 ; Mendoza’s 
“Lazirallo de T6rmes,” by David Rowland, in 
1586 ; the “ Diana ” of Montemayor, in 1598 ; 
“ Don Quixote,” first in 1620 ; and Rabelais, by 
Urquhart, in 1653. The deduction i^ that the 
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novel of adventure and gallantry, the pastoral 
romance, and the picaresque novel (or novel 
of roguery, of Spanish origin) may have been 
naturalised in Britain by the beginning of the 
seventeenth century. 

The First Original Novel in English. 

Meanwhile England had produced a form of 
prose fiction which was indigenous. The out- 
.standing examples were the Latin alU^gories 
of More (“ Utopia,” 1516), Barclay (” Argeiiis,” 
1021), and Bacon (“New Atlantis,’^ 1627). 
In 1579-80 appeared “ Euphues,” the first 
original prose novel written in English. The 
author of this work was John LviiY (b. 1553 ; 
d. 1606), of whom as a dramatist we heard on 
page 594. The story is quite uninteresting to 
the modem reader, but (ho style in which it 
was written suggest ed a new w'ord, “ euphuism,” 
and })romoted a form of popular “ jiolile ” 
dialogue the influence of which is traceable 
in Shakespeare (c/. Adriano de Arrnado in 
“ Lovts’s Labour's Lost,’’ and Malvolio in 
“ 'IVelfth Night”); Bon Jonson (Puntarvolo 
in Every Man out of His Humour ”), and 
Sir Walter Scott (Sir Piercy Shafton, in 
“The Monastery”). Lyly has been unduly 
despised an<l much misrepre.sented. His im- 
portance as one of the first av liters of Avitty 
]>ioso dialogue in English is the chief fact in 
regard to him that the student of literature 
has to bear in mind. 

Elizabethan Prose Fiction. Next to 
Lyly’s “ Euphues the postliunious “ Arcadia " 
(1590) of Sir Pmui* Sidney (b. 1554 ; d. 
1586) claims attention. Indebted as Sidney 
was to foreign infliuniec, and particularly to 
the Italian Sannazaro and the PortugU(*se 
AlonteinJiyor, both disciples of Boccaccio, his 
pastoral romance enshrines true pas.sion and 
l«as a. ring of chivalrous sincerity that is 
jil).scnt from ” Eupliues.” Sidney borrowed, 
))ut gave also. Frcncli and English writer.^ 
lelt his influence. Sliakespcar(> is one of hU 
debtors, and Professor Raleigh })oints out 
that Ili(!hardson is “ the direct inheritor ” 
of the analytic and sentimental melhoil in 
romance Avhich Sydney develoj)cd. The “ Ar- 
cadia,” as Professor Raleigh observes, “ is 
in some sort a half-way house betAveen the 
older romances of chivalry and the long- 
Avinded ‘ heroic ’ romances of the seventeenth 
century. 

The Earliest English Picaresque 
Romance. “Action and adventure are already 
giving way to the description of sentiment, 
or are remaining merely as a frame on which 
tile diverse-coloured flowers of sentiment may 
bo broidered.” The student Avill find a great 
deal to interest him in the writings of 
Robert Greene (b. 1560 ? d. 1592) ; Thomas 
Lodoe (b.*1558 ? d. 1625), Avhosc “Rosalynde” 
(1590) in8jii*ed “ As Yon Like It ” ; and Thomas 
Nash, (b. 1567 ; d. 1601), whose “Unfortunate 
Traveller ” (1594) is citixl as the earliest example 
of a picaresque romance in English litera- 
ture, and who is the immediate forerunner of 
Defoe. 


Allegory, Romance, and Religion. Of 

courne, f-haucer, a contemporary of Boccaccio, 
Avas really one of the first of English story- 
tellers. The ” Canterbury Tales ” are Hull of 
Avit, humour, knoAvledgc of life, and gciierous 
tolerance, but Chaucer, like the later Avriters 
to whom wehaA^e been referring, AAU’ote primarily 
for the Court and the Universities. “The 
Pilgrim’s Progress,” Avritten by John Bt nyan 
( b. 1628 ; d. 1688) in Bedford gaol, and pub- 
lished in 1678, was addressed to the simpk^ 
understanding of the “ eominon j)eoj)le." It 
is the first great ])opular allegorical narrative 
in the language, and its history providers a 
]3ermanent moral for all writers Avho seek to 
influence their fellows by the use of the pen. 
TAventy years after- the a])f>earaiice of ” Th(‘ 
Pilgrim's JTogress,” two Avorks by Mrs. Athua 
Behn (b. 1640; d. 1689), “ Oroonoko ” and 
“ The Fair Jilt,” Avere published posthumously. 
With these Avorks the novel of eontemporary 
life may be said to have begun. “ The Fair 
Jilt” is of little importance; “Oroonoko” 
antiei})ated Rousseau. But heroic and ])seii(lo- 
chivalric romance had lost its savour. 

Prose Fiction of Defoe and Swift. 

Then came Danikd Dkfoe (l>. 166J : d. 1731). 
one of the gv(‘ate.st realists in English letter;. 
With him the art that con(;(‘ali; the author from 
the reader, and indiiees (Ih^ reneha* to belie V(‘ 
that A\bat he is perusing is a transcript from 
uii(pu‘>ti(>nal.>le first-hand c^vidcaiee, attained a 
.•■tandard that has been but .‘cldom. if ('V(‘r, 
excelled by later writers. 'Phe world-famous 
“ Life and Strange Surjai-sing Ad\en(ures of 
Robinson Crusoe, of York, Mariner" (1719) 
is Defoe's liucst work, but his ” Moll Flanders," 

(’oloiM'l Jack." and "Roxana” are still r(‘acl 
as typical (‘xamples of the Newgate (.’ahaular 
novel at its best. The realism of " Robinson 
Cru;-oe‘’ tinds a counterpart in “The Travels 
into S(*veral Remote Nations of tlie World by 
Lemuel (liilliver” (1726-1727), of .Junatii \n 
Swift (b. 1667 ; d. 1747). In neither work, 
it will be obferved, is any great app(‘al ma(l(' 
to the emotioiLs. The student should al.-o 
take special notice of tlie association 
Defoe and Swift Avith the pam])hlet and the 
newspa])pr. 

It is an interesting speculation Avhether the 
newspaper, foster-parent of tlu^ novel as it has 
l>roved, may not one day itself supers(?de the 
novel. The journalistic Avork of Defoe and 
SAvift has been already referred to ; but in 
])assing to the first of the great English novelists 
another fact worth mention is the influtaice 
of such publications as the “ Tatler ” (1769- 
1711) and the “Spectator” (1711-1712) on 
the formation of a public ta,ste which it Avas 
the destiny of Richardson, Fielding, Sti'rne, 
Smollett, and Goldsmith to satisfy. The rise 
of the novel as distinct from the romance and 
the allegory has pursued lines that are almost 
parallel \vith the i)rogre.ss of the AVOTnan’s 
movement. This |X)int is mentioned as suggest- 
ing a promising line of study. 

J. A. HAMMERTON 
2437 



GROUP 10-CIVIL SERVICE & THE PROFESSIONS * HOW TO ENTER THEM-CHAPTER 19 

Diplomacy as a Career. Attaches and Foreign Office Clerks. 

King's Messengers. Consular Appointments. Interpreterships. 

FOREIGN OFFICE CAREERS 


A ll the posts of various grades that come 
within the scoj^e of the present paper are 
controlled by a most important Department of 
State — the Foreign Office. Under the direction 
of a Parliamentary Secretary of State for Foreign 
Affairs, this branch of the public service i.s 
occupied, as its name indicates, with the rela- 
tions existing between our own and foreign 
countries. The functions involved are broadly 
of two classes. Of these' the first comprises 
our political interests — the representation of 
Great Britain at foreign courts, due enforcement 
of our prestige, the making of treaties, and the 
maintenance of such terms with each nation as 
are dictated by our foreign ])olicy. All these 
matters are entrusted to our Diplomatic Service. 
Commercial and non-political interests, on the 
other hand, come under the care of the Consular 
Service. These two divisions of Foreign Office 
work are not always separate in practice, but 
for convenience they are ;jcparately discu.' sod here*. 

For cither division the nomination of the 
Foreign Secretary is essential. Private influence 
is no longer necessary to secure this, but it is 
reserved for men whoso education and personal 
qualities are approved by a Board of Selection. 
They must be natural- born British subjects, 
“ bom within the United Kingdom of parents 
also bom therein.” 

The Diplomatic Service. Polit ical diplo- 
macy as a career is carefully reserved for the 
elect men. Aspirants must bo of high social 
rank and liberal education, mHo have given 
promise of special abilities to fit them for the 
intricate and delicate role of the diplomat. 
The most ardent supporter of the principle of 
unrestricted comi)etition as a means of recruit- 
ing our public services will, we believe, be 
convinced on reflection that such a system, 
however admirable in itself, would be out of 
place in the Diplomatic circle. For that calling, 
while brains arc invaluable, the ability to pass 
examinations is comparativ^cly unimportant. 
The typo of officer required is not the bookish 
student, but the clever, well-educated man of 
the world, who is also, in the conventional 
sense of the term, a polished gentleman. The 
supreme e.‘?sentials for success, in fact, are tact 
and shrewdness, a wide knowledge of men and 
affairs, and such a social standing and personal 
address as will procure an entry into the highest 
circles of any foreign capital to which the diplo- 
matist may find himself apj>ointed. And such 
qualifications are best secured not by com- 
petitive examinations, but by personal selection 
among the scions of our leading families, from 
which class the members of our Diplomatic 
Service are generally drawn, in fact. 

NATIONAL, MUNICIPAL, AND IMPERIAL 
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Attach a and Foreign Office Clerks. 

Would-be diplomats who are fortunate enough to 
obtain a nomination from the Foreign Secre- 
tary compete, as vacancies arise, for the inter- 
changeable appointments of junior clerk in the 
Foreign Office and attache in the Diplomatic 
Service. From half a dozen to a dozen such 
vacancies are offered each year, and are con- 
tested by three or four time^- as many candidates, 
who must bo between 22 and 25 years of age. 
These take part, under special conditions, in the 
examination for Class I. clerkships held every 
August. [Particulars of this examination were 
given on page 2055.] As is natural in selecting 
men for a service involving residence in the 
various European capitals, great importance is 
attached to proficiency in modern languages. 
They are required to pass in French and German, 
and are officially notified that they “ must reach 
a high qualifying standard in translation, ooin- 
position, and oral examination in both these 
languages,” and that Hpanish may be taken as 
an alternative to Italian. The subjects chosen 
from the schedule must not carry a greater 
maximum than 40(X) marks. With these modi- 
fications the Class I. scheme applies. 

Salaries and Prospects. Successful 
candidates who enter the clerical staff of the 
Foreign Office enjoy practically the same 
jidvantages as Class 1. clerks, rising rapidly to 
£800 or £1000 a year, with special allowances 
for translating and other work, and some 
X)rospects of higher posts. Those who are dos- 
tineil for a diplomatic career must have an 
income or allowance of £400 a year at least, 
as they are required to serve for some years 
on honorary or merely nominal terms. Their 
ultimate prospects, however, are more brilliant 
and distinguished than any other branch of the 
public services can afford. They are first 
appointed on probation as unpaid attaches for 
two years, and then receive commissions as 
third secretaries at £150 a year. This amount 
may be augmented by special allowances of £100 
each for proficiency in the native language and 
in public law. On promotion to the grade of 
second secretary they are paid £300, rising to 
£450, and after seven years’ service in that rank 
become first secretaries at £500 a year^> 

From this point advancement is rapid to the 
foremost positions ; but as the salary and status 
of a British representative abroad vary with the 
importance of the country in which he serves, 
no strict classification is possible. Councillors 
receive from £500 to £1000 a year, ministers and 
envoys between £1300 and £6000, and ambas- 
sadors from £5500 to £11,500. In Peru and 
Venezuela, for iqstance, we are represented by 
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miiiisters-reeident at £2000 a year each, in Por- 
tugal by an envoy-extraordinary and minister- 
plenipotentiary at £3750, while in the capitals 
of such first-class Powers as Germany, Turkey, 
and Russia we have ambassadors stationed 
who receive for their services from £7800 to 
£8000 a year. The premier position in the 
service — ^that of British ambassador in Paris — 
is held by a distinguished diplomatist who began 
his career as a Foreign Office clerk. 


Student Interpreterships. This grade 
was created in order to supply his Majesty’s 
missions and consulates in the East with trained 
officials, speaking and writing the nativ? lan- 
guages, and competent to perform tlie legal and 
other duties of consular officers. It is, of course, 
imperative that the man selected should have 
considerable aptitude in acquiring languages, for 
which reason foreign tongues are prominent 
among the subjects fixed for the entrance con- 



A VIEW OF THE FOREIGN AND INDIA OFFICES FROM ST. JAMKS.S PARK 


King's Messengers. A small force of 
Foreign Service messengers is employed for the 
conveyance of confidential despatches between 
headquarters and the embassies. This work is 
responsible and sometimes not free from perils. 
The messengers arc therefore chosen with the 
utmost care from among skilled horsemen of 
hardy frame and proved courage and devotion. 
Several of them have held commissions in the 
Army. They are paid from £250 to £4(X) a year. 
Candidiates must be between 25 and 35 years 
of age, with a good colloquial knowledge of 
French, German, or Italian. When actually 
bearing despatches the King’s messengers wear 
a picturesque badge — a silver crown and grey- 
hound suspended by a blue ribbon. 

The Consular Service. Apart from 
honorary (fonsulates and those held by traders, 
the Consular Service is maintained by 
means of examinations of three classes. Of 
these the first is for student Interpreterships in 
the Ottoman dominions, Persia, Greece, and 
Morocco ^ the second for similar positions in 
China, Japan, and Siam ; and the last for 
general consular posts other than interpreterships. 


tests. The requirements as to ])hysical health 
are specially severe for this service. 

For intcr})reterships in the Near East — the 
Ottoman Empire and neighbouring lands already 
named — the examination scheme and the sub- 
seciuent training differ very materially from 
thosc^ prescribed for the joint >;crvice of China, 
Jai^an, and Siam. 

Interpreters in the Near East. For 

the Turkish dominions, Persia, Greece, and 
Morocco, student interpreters are sielected from 
among nominated candidate's between 18 and 24 
years old by means of competitions held each 
August. Very few vacancies are offered at a 
time, the number in recent years having never 
been more than six. Luckily, the candidates 
are also few. They rarely much exceed a dozen, 
several of whom usually fail in Latin or French. 
Such a small attendance is duo to the fact that 
very few men are sufficiently expert linguists to 
face an examination in six foreign languages at 
once. That formidable array of alien tongues 
awaits aspirants for the Near Eastern service ; 
and although four of the half-dozen are nomin- 
ally optional, a glance at the accompanying 
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table, which includes the results of a recent and conversation. With these restrictions, any 

test, . will show that a competent knowledge of subjects may be taken, up to a maximum of 

each is essential for success. The examination 4000 marks, but each branch of mathematics 

fee is '24. carries only 600 marks, instead of 1200. 

^Hie test in French is severe, including trans- On passing the examination,, student inter- 
lation from and into the language, dictation, prefers proceed directly to China, Siam, or Japan, 

writing a letter in French, and conversation where they spend a probationary term in study- 

— paying particular ; attention 
to accent, genders, and tenses. 

In all, the various, foreign languages 
are rc«ponsible for no less than 2300 
in a total of 3000 marks. 

Students who are declared success- 
ful at these contests are sent to a 
university on probation for two years, 
pursuing there a prescribed course 
of siudic^ in Oriental tongues and 
spending' a month of each year in 
France. Duri ng the term of residence 
they receive a salary of £200 a yeai-, 
subject to their p&ing their exa mi ^ 
nations from time to time! On quit- * 
ting the university they are appointed as assh t ants ing t lie nal ive la iiguage, rcceivi ng meanwhile 
at a salaiyof £300 a year, and are despatched to a an allowance of £200 a year. On completing 
British consulate or legation in the East. Tw'clve their studies they are appointed iia third-class 
months later they are examined in the language assistants in a consulate at a salary of £300. 
of the country in which they 'reside, and after Tlumeo they progrcf-s tlirongli the grades of 
a further interval must pass an examination in second and tirst-ches aff istants (£350 and £400), 
the language and history of that country! and vice-consul (£000 and £700), to the leading 

Thenceforward the* much-examiuecr consular position of consul (£R00 to £1200). The abler 
servant is Buffered to pursue his career without linguists among the assistants receive .special 
further mole.st*ation. It is unfairly" but 'not grants for interpreting and translating duties; 
extravagantly remunerated calling. On becom- and in the higher grades thi'rc are lilx»ral allow- 
ing a vice-consul,’ the ex-student interpreter ances of various kinds. 

recoiv^ frojn £350 to £500 a year, with fwn. General Consular Appointments, 
and allowanc^ which are m some ea;^es very Foreign Secretary formulated a 

substantial. The higher grade.s of consul and general scheme, for recruiting the Consular 

ranging up to Service by the ad mission of nominated candidates 
^ in addition to allowances a.s before; other than student interpreters. Anxioms to 

and for thor^ who wm the favour of attract young men of good standing and of 

the authorities at the Foreign Office there are some legal or eommoreial training, the authori- 
chances of transference to still better-paid posts. announce that any of the following qualiff- 

The Work of a. Consul. The consul is cations will be of service to candidates when 
too frequently looked upon solely as the stand- seeking the Foreign Secretary’s nomination: 
by of the traveller in difficulties in a foreign land, admission to the Bar or as a solicitor, a univer- 
but, apart from looking after the interests of her sity degree, or three years’ experience in a 
subjects, his chief function is that of commercial commercial liousc. 

intelligence officer to the country he rcqjrescnts. The age limits for candidates are 22 and 27. 
In this capacity ho compiles trade reports Persons, nominated to compete are examined in 
embodying all manner of information and English, French, either. German or Spanish, and 
statistics relating to trade, new openings for in commercial law, arithmetic, commercial geo- 
trado, new routes of communical ion, shipping and graphy, and political economy, and must qualify 
exchange, that may be of use to the merchants in every paper. A detailed syllabus of these 
ho indirectly represents. Many of these reports subjects can be obtained on application ta.the 
—too often unread by the general public— prove Under-Secretary of State, Foreign Office, S.W. 
of remarkable interest and no little value, and On passing their examination, candidates are 
they aflford considerable scope for the display of at first employed for several months in the 

initiative and ability on the part of the consul. Foreign Office and the Board of Trade, to learn 

The Far Bastern Service. Mon the methods of business in those departments, 
selected to compete for student interpreterships They then proceed to their posts abroad, at" a 
in this service must be at least 21 and under salary of £3()0 a year, \\dth £20 yearly increments 
24 years old. Like candidates for the Diplo- up to £500. After a year’s foreign ^rvioe 
matic Service, they attend the Class I. examina- they are expected to know enough of the local 
tions described on page 2055. Sanscrit and language to be able to communicate .directly 
Arabic are excluded for them, and not more with the natives. . This test being met,, the epn- 
than t\Vo natural sciences may be taken. In sular officers, become , eligible for advancement 
French, which* is obligatoiv, a high standard in the same way as are student interpreters.* 
must be reached iii translation, composition, ERNEST A. GARR 
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Professor Bateson’s Explanation of Mendel's Law. 

The Transmission of Eye-Colouring and Disease. 

MODERN MENDELISM 


I N the year 1900, when Darwin had been dead 
for eighteen years and Mendel for sixteen, 
three botanists, working independently, obtained 
reniarkablo results from breeding experiments, 
and a search was made to find whether anyone 
liad previously noted any such results. Thanks 
to one entry in a long bibliography, Mendel’s 
j)apor of a generation earlier was looked up, and 
his great discovei'y discovered. The now or 
“ nco-Mendelian ” epoch thus closely coincides 
with the course of the present century. 

The Application of Menders Law. 

The accuracy of the facta was at first 
seriously contested, but the repetition of 
Menders experiments put them beyond question. 
It was next asserted that those results were of 
no wide or general significance, seeing that they 
wore only concerned with hybridisation, quite 
artificial and irrelevant, to the problems of 
organic evolution. Further inquiry showed that 
the Mendclian law applies to hosts of cases 
where there is no question at all of hybridism. 
W'ithin the limits of a single species, or even a 
single variety, individual differences or variations 
occur which can be shown to obey Mendel’s law 
in their transmission. 

It was next asserted that Mendel’s law, which 
clearly applied to notable cases of colour in 
plants — ^for instance, in sweet -peas — did not 
apply to animals at all, as was instanced by tho 
ease of coat-colour. But observations made in 
the proper way soon showed the vastly important 
truth that Mendel’s law is not confined to tho 
vegetable kingdom, but obtains among anifnals 
also. Today there is no question as to whether 
we are dealing with a vegetable or an animal 
form of life when studying Mendel’s law. That 
law and its various complications are illustrated 
alike in both kingdoms of the living world, thus 
furnishing, of course, another and striking 
instance of their essential unity, and of tho 
“ uniformity of Nature.” 

Colour Transmission. Colour, indeed, is 
one of the most easily studied of characteristics, 
and there is none which more regularly obeys 
Mendel’s law. It has already been noted that 
when the records of tho stud-book were, for tho 
first time, examined in the right or Mendclian 
way, which takes account of each individual's 
mating, tho offspring of two chestnuts were 
found to be always chestnuts also. In other 
words, chestnut in horses is a Mendelian recessive. 
Various other colours, due to the overlaying of 
chestnut, sci to say, with something else, have now 
been analysed, and in tho newspaper accounts of 
the grey colour of a certain famous racehorse 
Mendelian terms were used, and wo wore told 
how he inherited the “ factor ” for grey from his 
father, and how certain other factors were liable 


to “ inhibit ” the development of grey, as of the 
chestnut colour. 

To discuss the actual details of colour-trans- 
mission, whether in plants, as in tho typical case 
of tho sweet-pea, or in animals, as in the typical 
case of the horse, would occupy many pages of 
analysis and formulce, and is unnecessary here 
[see page 1760]. For tho details of many of the 
innumerable cases whore tho Mendelian system 
of transmis.sir)n has been worked out, tho reader 
should consult cither the sta,ndard work on tho 
subject. Professor Bateson’s “ Mendel’s Principles 
of Heredity,” of which a revised third edition has 
lately appeared, or tho most convenient text- 
book for the student. Professor Punnett’s 
“ Mendclisrn,” which is short, trustworthy, and 
much easier reading. 

Tho violent and dciilorablc controversy wliich 
followed upon the re discovery of Mendolism is 
now ended in the eyes of tho scientific world. 
AllegatJons of bad faith against tho Mcndclians, 
that they miscounted their experiments so as to 
appear to obtain the exy)ected Mendclian ratios, 
and so forth, were freely made, but tho wide- 
spread repetition of such cxporiincnts has put 
an end to that period. 

The Leader of Modern Mendelism. 

From the first, until tho present day, the leader 
of modern Mendelism has been Professor William 
Bategou, F,R.S., who is now tho President-Elect 
of the British Association. To him wo owe tho 
useful term genetics, which ho himself defines as 
“ tho physiology of heredity and variation,” and 
of which Mendelism is, as we must carefully 
remember, not tho whole but an important part. 
In 1908 Professor Bateson was appointed to tho 
newly founded Chair of Biology at Cambridge, 
and his inaugural lecture, entitled “ The Methods 
and Scope of Genetics ” (Cambridge University 
Press), is a masterpiece of clear exposition, and 
constitutes tho best possible introduction to 
modem genetics. That Chair is now extinct, but 
its place has been taken by tho Arthur Balfour 
Chair of Genetics, which will be permanent, and 
was founded by Mr. Balfour in memory of his 
distinguished brother, a student of embryology. 
Professor Punnett holds that Chair, while 
Professor Bate^son is now Director of the John 
Innes Horticultural Institution at Merton, 
Surrey, whore ho carries on extensive breeding 
experiments. 

Mendelism Applies to Man. But the 

observation may here bo made that in this 
country wo now urgently require a Chair of 
Human Genetics, an immense and all-important 
subject which can only receive a small fraction of 
attention in Cambridge at presemt. For the final 
point that requires to be made, in tracing the 
extension of Mendelian studies, is that they are 
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now known to be relevant — not merely to 
animals as well as plants, but to man himself. 

This was long and strenuously denied, and, 
indeed, the importance of Mendelism would have 
been far less if man had proved an exception to 
it. The argument was advanced that, in the 
familiar and relatively simple case of colour, tvhere 
Mendelism was asserted to apply in many plants 
and animals, it certainly did not apply to man, 
for when black and white are mated the offspring 
are mulatto, a blend of, or compromise between, 
the parental characters, and showing no sign of 
Mendelian segregation. 

Skin and Hair Colouring. But, in fact, 
this criticism was much too hasty, and omitted to 
inquire carc?fully into the offspring of mulattoes, 
when mated among themselves. The particular 
case is not simple, because it is almost certain 
that the colour of the negro depends, as in so 
many other cases, upon the existence of more 
than one “ factor,” but recent observations are 
clearly beginning to solve this problem of human 
skin>colour, its inheritance, and hence its 
“ factorial ” constitution, on Mendelian lines. 

In another case of colour, however, Mendel’s 
law has been proved to apply to man, this being 
the first instance of such application, and still 
one of the very few wliich have been proved, 
within the realm of the normal. Certain charac- 
teristics of hair-colour, and of the form of the 
hairs — straight or ” frizzy ” — and right and loft 
handedness, practically complete the list of 
normal Mendelian characters in man, so far as 
research has gone at present. 

Eye Colouring. But the first case, that 
of eye-colour, is the most striking and interest- 
ing. In all but albinoes, whose bodies are 
practically devoid of all normal pigment, the 
iris of the eye is coloured in various ways and 
degrees, and we call the eyes brown, hazel, or 
blue accordingly. It was first proved by 
Major Hurst, who personally examined all the 
inhabitants of an English village, and was then 
confirmed by Davenport in the United States, 
that the brown eye is dominant and the blue 
recessive. 

Anatomical observation shows the simple 
fact that the blue eye has pigment deposited 
upon the hack of the iris, but practically none 
upon the front. The brown eye has pigment 
upon both the front and back of the iris. Mende- 
Jian study of three human generations or more 
showed that the ordinary rule is observed. Two 
blue-eyed parents have only blue-eyed children, 
because RR x RR con only yield RR. On 
the other hand, just as in the cose of Mendel’s 
peas, there are two kinds of brown eyes, the pure 
and impure dominants. Therefore, dark-eyed 

B qs may have families all dark-eyed or 
es composed of a mixture of dark and 
light eyed children in certain proportions, which, 
on the average, are definite. 

To this general rule there may be excessively 
rare exceptions, which, of course, mean some- 
thing, and must be sedulously studied. But 
the case illustrates, above all, the importance of 
the right method in science, 'and the truth of 
Bacon^s teaching that the great business of 
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philosophy is simply to teach us how ** rightly 
to put the question to Nature.” Many dis- 
coveries depend on the invention of wonderful 
instruments, like the spectroscope, but here is 
one which Aristotle could have made, or anyone 
else, without any instrument beyond a pair of 
ordinary eyes. The facts lie on the surface, and 
immediately reveal themselves when they are 
properly looked for — but not till then. Later, 
we shall learn that many abnormal or morbid 
characters in man are also Mendelian, and that 
their appearance or disappearance can accord- 
ingly be predicted or controlled. This is 
obviously a matter of enormous importance for 
eugenics, which depends upon the application 
of biological laws to the human problem, but 
we must do no more than note that tremendous 
possibility here. 

Disease and Heredity. The immediate 
fact before us is that many students had de- 
votedly studied the heredity of disease in man, 
had accumulated immense stores of data, and 
had entirely failed to reach precise or available 
conclusions. Deaf-mutism is a representative 
instance. The devotion and patience of Graham 
Bell — whoso name is famous in connection with 
the invention of the telephone — and of others in 
lesser degree, are beyond praise. They showed 
that there is some real connection between 
deaf-mutism and heredity, but they could not 
tell us what it was, nor predict the results of 
any particular mating. Yet their data ran into 
tens of thousands. 

Within the last three years. Dr. Kerr Love, 
of Glasgow, having the Mendelian key as an 
essential part of his equipment, as his prede- 
cessors had not, and scrupulously following the 
lines set by Mendel in connection with a problem 
apparently so remote, half a century ago, evolved 
order from the chaos of the data, and proved 
the existence of a Mendelian form of deaf- 
mutism. That is clearly of eugenic significance, 
but its importance for us here is in the testi- 
mony it affords to the reality and the wide 
relevance of Mendel’s discovery, and the in- 
calculable importance of his scientific method. 

Wo close this historical part of the discus- 
sion, therefore, by noting the extension of 
Mendelian principles, from plant hybrids to plants 
that were not hybrids, from plants to animals, 
and from animals to man, in several instances of 
health and of disease. Even as wo here read 
and write, investigations in many lands are 
extending the list of Mendelian cases throughout 
the whole range of bi-sexual life, and including 
the normal and the morbid in plftnts and 
animals, as well as man. Thus we know, and 
must later consider, Mendelian forms of disease, 
or susceptibility to disease, which comes to the 
same thing in effect, in wheat, just as we ^ow 
of Mendelian forms of disease, such as colour- 
blindness, hsemophilia or ” th» bleeeding 
dise^,” one form of deaf-mutism, and a list of 
scores besides, in man. 

The Preeence and Absence Hypothec 

sis. The general bearing of Mendel’s Jaw having 
been established, we need to make inquiry into its 
meaningi Mendel, as we have seen, introduced 
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the terms* dominant and recessive, and gave us 
the idea of contrasted factors. But the simple 
and invaluable explanation of this first fact of 
Mendelism has been furnished by Professor 
Bateson. His interpretation was called by him- 
self the “ presence and absence hypothesis.” It 
asserts that the recessive character, such as the 
shoitness in the pea, de])end8 upon the absence 
of something which, if present, would make the 
pea tall. Wo do not need, therefore, to puzzhi 
ourselves over this contrast between characters, 
and to wonder why there should be a factor for 
tallness and a factor for shortness, which go 
into equal numbers of the germ-cells produced 
by an impure dominant. The facts do not 
require such an expression. Instead, we have 
the idea of a single factor, the result of the 
presence of which is to make the individual 
tall, while if the individual does not possess 
this file tor that individual must be short. 

All the Mendel ian facts which we have hitherto 
described can be readily interpreted with this 
simple key. The recessive, such as the dwarf pea 
or the blue eye, is due to the absence of the 
factor for tallness or brownness of eye respec- 
tively. Male any two such recessives, and all 
their offspring must be recessive, too ; the 
factor for the dominant character was absent 
from the constitution of both parents, and 
therefore there is nowhere for the offspring to 
get it from. And, clearly, there can be only one 
kind of recessive. 

Dominants and Impure Dominants. 

On the other hand, there must ho two kinds 
of dominants, as vre already know, but now 
w'e can describe afresh and give a real meaning 
to their respective symbols, DD and BK. The 
predominant, DD, has the factor from both 
parents ; it has what Bateson himself con- 
veniently calls a “ double dose ” of the domi- 
nant factor. All its germ-cells, accordingly, are 
of one kind in this respect, containing the domi- 
nant factor also. Each of them is to be rc])re- 
sented as D, and the character of the new in- 
dividual depends on whether the D germ-cell 
meets another D germ-cell, to make a pure 
dominant, DD, or a germ-cell R to make an’ 
impure dominant, DR. This impure dominant, 
on our theory, has received a dose of the factor 
from one parent but not from the other. It has 
only a “ single dose ” of this factor in its com- 
position. Its germ-cells correspond to its 
constitution ; on the average, half of them will 
contain the dominant factor, and half of them 
will be without it, and hence will bo what we 
have hitherto called recessive. 

The theory makes clear the reason why 
dominant and recessive factors apparently 
cannot live in harmony in a single germ-cell, 
and why, if one of them enters the germ-cell, the 
other is exelmded. There is really no recessive 
factor. The only factor concern^ must either 
be in the germ-ceU, which is accordingly dominant, 
or not in the germ-celb which is accordingly 
^essive. ^ateson has been abundantly justided 
in saying, six years ago. that this conception of 
presence and absence is “ the basis of all progress 
m genetic analysis.” 


The Dominant Factor in the Human 
Eye. Taking the case of our own eyes, lot us 
note an extremely interesting and really simple 
complication, if we may say so. Kvoryonc knows 
that there arc at least two kinds of brown eyes. 
One kind is dark brown, the iris being all of the 
same colour, and opaque. Another kind is a 
brown eye also, and certainly not blue, but the 
colour is loss intense, and is often distributed 
differently, so that the part of the iris next the 
pupil is really brown, while the part further 
from the pupil is blue or green. 

Such eyes are very often called hazel, and 
there is a real genetic difference between the 
dark brown and the hazel eye. It is perfectly 
simple. The dark brown eye is DD. The 
dominant factor has come in from both parents, 
and the individual has a double dose of it in him. 
and is accordingly a i)ure dominant or pure bred 
in ibis respect. But the hazel eye is DR. 
The dominant factor has come in from one 
parent only, and the individual has only one 
dose of it in him. In this respect ho is an im- 
pure dominant or cross-bred. Technical terms 
arc necessary, and we may call the pure dominant, 
or the (pure) recessive, homozygous, or like- 
yoked, while the impure dominant, which has 
received a factor in one germ-cell but not in the 
other, is to be called heterozygous, or unliko- 
yoked, to translate the (jrock into English. 

We say that these brown and liaz(;I eyes are a 
complication, because nothing of the sort was 
noticed in Mendel’s peas. There no one c^ould 
distinguish the tall peas which only hod tallness 
in their ancestry and themselves, from thoso 
which had a short parent. The impure domi- 
nants, with only one dose of tallness, were as 
tall as the pure dominants, with two doses. 
That is the typical case. But there are many 
where the features of the individual vary accord- 
ing as it has two doses or one of the dominant 
factor; and in such cases the pure and 
the impure dominant can be distinguished on 
personal inspection, as well as by the only means 
of distinction which we have in other cases — by 
breeding from them and noting the characters of 
the offspring, and their offspring. 

The Children of Haxel-Eyed Parents. 

It is, of course, of great theoretical and aesthetic 
interest to note the hazel eyes of all the children 
of a pure brown-eyed and a blue-eyed parent. 
It is of no less interest to note the eye- colour of 
the children of two hazel-eyed or impure 
dominant parents. We now know what kinds 
of germ-cells, in this respect, each of thoso 
parents is producing; and when we go back to 
Mendel’s first experiment, and recall what 
happened when his cross-bred tall peas were 
mated, we shall realise that the children of such 
parents, if they be four in number, will, on the 
average of many families, according to the laws 
of chance, bo DD, DR, RD, RR. In such a 
family, in other words, we may expect to find 
one child with dark brown eyes, such as neither 
parent has, one child with blue eyes, such as 
neither parent ha.s, and two children with haze 
eyes, like their parents. 
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Another terminology is often employed now- 
sday^, especially by the American Mendelians. 
It assumes the truth of Bateson’s interpretation 
of Mendel’s law, and accordingly describes in- 
dividuals as respectively du'^ex, simplex, or 
nulliplex, in a given respect, according as 
they contain two doses, one dose, or none of the 
factor under discussion. On this rating, the 
true brown eye is duplex, the hazel eye is simplex, 
and the blue eye nulliplex. These terms are 
convenient, and they, or some others, come to 
be necessary when we find cases where the 
duplex and the simplex, the* pure and the impure 
dominants, arc distinguishable personally, as 
Mendel’s peas were not. 

Professor Pearson's Criticism. Much 
criticism has been passed by Professor Karl 
Pearson and the few remaining opponents of 
Mendelism on the ground that dll gradations 
between, for instance, the hazel and the blue 
eye may be observed. Even upon the front of 
tno blue iris minute traces of pigment may be 
found with the microscoise, though none can bo 
observed during life. Hence it is argued that 
the alleged sharp and genetic differences between 
these various kinds of eyes are unreal. 

Such critics have forgotten the factor of 
nurture, which every characteristic of every 
living thing requires. The genetic factors give 
only potentialities. According to the degree 
of appropriate nurture will those potentialities 
be realised. Accordingly, all shades of brown 
eyes may be seen, depending upon variations in 
nurture, superposed upon the two genetic 
varieties, duplex and simplex, which we have 
just studied. 

The Important Factor of Nurture. 

Light is apparently the most important and 
variable factor of nurture in this connection. 
That, at least, is the answer to the critics which 
is here offered, and which was first suggested 
by the remarkable observation of Sir Ernest 
Shackleton that, after many months of An- 
tarctic night, all fifteen men of his shore party 
had blue or grey-blue eyes. The genetic 
difference between those eyes could only be 
revealed in the presence of light, which would 
cause the development of pigment upon the 
front of the iris in some, according to its degree, 
but not at all in those whose eyes were re- 
oessives in this respect. 

A Suggeative Theory from America. 

Lastly, on this point, be it noted, with caution, 
that some recent American observers thiiik they 
found a difference between duplex, simplex, and 
nulliplex human beings in respect of certain 
nervous conditions. The nervously normal 
person, they suggest, has the factor for normal- 
nees, which is a dominant, from both sides. 
Ho is neither insane nor yet “ neurotic ” nor 
"neuropathic.” Other persons fail to inherit 
this factor from either side, and, being nulliplex, 
are liable to be insane. But otliers are simplex, 
or impure dominants, and the^, while not 
insane, are liable to be "neurotic,” "neuras- 
thenic,” " borderland cases,” corresponding, of 
course, to the condition of the hazel eye. A number 
of pedigrees supporting this view exist, but an 
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important source of fallacy remains, in the form of 
an unrecognised infection, and all these pedigrees 
must be revised after that infection has been 
examined for. Nevertheless, the American 
theoiy is probable and suggestive, and may 
apply to many other degrees of human charac- 
teristics. So much as preliminary illustration 
of Bateson’s explanation of Mendel’s law. 

If we have firmly grasped the great simplifica- 
tion of theory which its author modestly calls 
the " presence and absence hypothesis,” we 
are ready to tackle the many and important 
complications which have been unravelled by 
the breedii^ experiments of the past decade. 
Such questions as the differences between the 
sexes; the distribution of characters, normal 
and morbid, along with others, such as those of 
sex ; the possible relation between apparently 
unrelated characters, such as, perhaps, red hair 
and hasty temper ; the nature of the factors in 
the germ-cells ; the possible construction of now 
forms of vegetable and animal life — all these 
theoretical and acutely practical questions, 
with the illimitable vista they open out, are yet 
before us. Professor Bateson’s ^striking words 
will encourage the student : “ I do not dare to 
suggest that in magnitude or splendour the field 
of Gicnetics may be compared with that now 
being disclosed to the physicist or the astro- 
nomer ; for the glory of the celestial is one and 
the glory of the terrestrial is another. But 1 will 
say that for once to a man of ordinary power 
who cannot venture into those heights beyond, 
Mendel’s elue has shown the way into a realm of 
Nature which for surprising novelty and adven- 
ture is hardly to be excelled.” 

The First Stage of Genetic Analysis. 
The symbols Ave have used, and the argu- 
ments which they represent, have already 
taught us to think in terms of the simple fact 
that every individual formed by the union of 
t%vo germ-cclls is, in a true sense, double, as well 
as l^ing also, in a still deeper sense, a single 
individual. Up to a point we see illustrations of 
this truth, for "we all know that a man ma^ 
have his father’s hair, his mother’s colour, his 
father’s voice, his mother’s insensibility to music, 
and so on.” But that is only the first sta^e 
towards our complete genetic analysis. For in 
each of such respects, and many more, the 
individual is in a sense double, because of 
the two germ-cells, or gametes, which composed 
him has to be reckoned with as to whether it car- 
ried or did not cai^ the factor in question. Here 
are the authoritative words of Batesoft' himself. 

"The contribution of each gamete in each 
respect has thus to be separately brought to 
^count. If we could make a list of all the 
ingredients that go to form a man, and could set 
out how he is constituted in resp^t of each of 
them, it would not suffice to give one column of 
values for these ingredients, but we must rule 
two columns, one for the ovum and one 
to the mermatozoon, which united in fertilisa- 
tion to fonn the man, and in each column we 
must represent how the gamete vw supplied 
in respect of each of the ingredients in our ust.” 

0. W. SALBBBY 
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Advice and Freight Notes. Biiis of Lading. 

Liabiiity of the Shipowner. Charter Part ies. 

SHIPPING GOODS ABROAD 


S EEING that tho shipping business of the 
United Kingdom— that is, tho imports and 
exports combined — is so huge, it is not surprising 
that there should bo many other points to be 
dealt with in addition to those already set forth 
in tho chapters on Imports and Exports. A 
number of documents have to be made out and 
various formalities complied with in order that 
tho Customs and other regulations may be 
observed. It is because of this that in all our 
))orts there arc shipping agents who make it their 
business,, for a small commission, reckoned at 
so much per package, to receive goods being sent 
abroad by inland manufacturers, and to see 
that they are put safely on board, all the nec;os- 
sary formalities being properly carried out. 

Advising the Shipping Agent. The 
manufacturer utilising tho services of the shipping 
agent in this way should take care to advise him. 
some lime before despatch, of the approximate 
number of packages that are likely to be sent, 
and, if possible, of t heir measurements. As stock- 
size packages are often used by a manufacturer, 
this information is usually available beforehand. 
It should be sent as early as possible, so that 
arrangements can be made for reserving space 
in tho vessel. The information should be sent to 
the local shipping agent, and tho agent at the 
port of shipment should also bo advised, in order 
to avoid any possibility of delay or forgetfulness 
on the part of the local agent. 

'The Advice Note, Tho exporter hands 
the goods to a railway company or firm of carriers, 
and then fills up an advice note, which he sends 
to tho shipping agent at tho port of shipment. 
This is headed with the town where the manu- 
facturer's works are situated, and the date, and 
contains some such note as follows : “ Dear 

Sir, — ^Wo send you herewith particulars of six 
packages which we are forwarding to you by 
Great Northern Railway, and shall bo glad if you 
will ship these to Bombay by tho steamship 
‘ Nizam ’ in accordance with the instructions given 
below. — Yours,” etc. Then, set out in tabulated 
form, will be given full particulars of the goods 
to be shiiiped, with the marks and numbers of the 
packages, and the number of cases or bales, tho 
contents, the gross and net weights and the 
measurements, and the value, together with the 
name of the ship and the dock or port to which 
the goods are being sent for shipment. It is 
essential that all these particulars be set forth 
veiy clearly and accurately in the advice note, 
so that the shipping agent may be able to fill up 
properly all the Customs documents required for 
the shipment. In reply, the a^ent sends a 
freight note, and the shipment is then com- 
plex by the exporter sending a cheque in pay- 
ment of the freight and other shipping charges. 


The Freight Note. The freight note is 
really a statement sent by the agent to the 
shipper, showing tho amount due for tho work 
done in placing the goods on board ship. Tho 
charges include freight, reckoned according to 
weight or measurement, as tho case may be, and 
primage, which was formerly a gratuity given 
by the shippers to tho captain of the vessel carry- 
ing their goods, as a reward for his care and 
trouble in receiving and looking after the goods 
while in his charge, but is now simply an ad- 
ditional percentage on the freight, and is supposed 
to be for the use of ropes, cables, etc., neces- 
sary in loading the cargo. Tho rate of ])rimage 
differs at the various ports. The freight note 
contains also tho charges for the bill of lading 
and commission. Tho bills of lading are usually 
enclosed with the freight note. 

Charging Freight Forward. In some 
cases, of course, tho freight and other shipping 
expenses are charged forward — that is, to tho 
buyers of the goods instead of to tho shippers ; 
and tho shipping agent is asked to cover th(? 
marine insurance up to a certain amount. In 
such a case the advice nolo mentions that tho 
marine insurance is to be charged to the shipper, 
while the freight and other expenses arc to ho 
charged to the firm to whom tho goods are 
addressed. Tho shipping agent would then 
send tho bills of lading and tho freight note 
to tho consignee, and only the account for the 
insurance to tho consignor. 

The Mate’s Receipt. The shipping agent 
is sometimes unable to send the bills of 
lading at once. If the goods have been put 
on board very hurriedly at the last moment, 
he will send a mate’s receipt, which states 
that so many packages, with such and 
such marks, have been received on board the 
steamship So-and-so, for whatever port the 
goods have been consigned to. The time and date 
the goods were received is set forth, and the 
whole is signed by the mate of tho vessel or his 
clerk. Whore tho receipt is an absolute one, 
everything having been in order, it is termed a 
“ clean receipt ” ; but if there was anything wrong 
about the consignment — if, for instance, some of 
the packages wore damaged or broken open, or 
if the number of cases received differed from the 
number specified in the delivery sheot — then t heso 
facts are noted, and the receipt is called a “ foul 
receipt.” The mate’s receipt is later on ex- 
changed for the bill of lading. 

How Freight is Charged. Before going 
on to describe the bill of lading, something must 
be said here about freight. While, owing to com- 
petition, the steamship companies are not so 
independent as they once were, and freights are 
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lower than they were many years ago, the ten- 
dency in these days is for the companies to form 
rings, ^o as to onsuro that the freight shall not 
go below a certain minimum. In mai^ oases a 
rebate, consisting of a percentage off the total 
amount of the freight on all goods shipped by a 
particular exporter, is allowed if the shipper 
uses only the lines in the combine. This rebate is 
usually paid half-yearly. If the shipment is a 
very large one, the stearasTiip companies will 
usually quote a specially low rate, provided the 
rush of general business is not so groat as to 
make them independent of the shipper, and 
therefore able to keep up the rates rigidly. Of 
course, where the merchant has so large a ship- 
ment that he can fill or almost fill a Avhole vessel, 
it will pay him to charter a ship specially for his 
own purposes. But something will be said in 
greater detail later about this. 

Weight versus Measurement. Freight 
is charged on either the mcaaurement of the 
packages or their gross weight, whichever 
happens to work out best for the shipping 
company. For most goods the measurement is 
taken, and forty cubic feet are reckoned as a ton. 
the freight being charged at so much per ton. 
If, how’ever, the gross weight is more than the 
tonnage reckoned by measurement, then the 
freight is charged on the weight. Thus, if a case 
measured 40 cu. ft., and weighed 15 cwt., it 
would bo reckoned by measurement and con- 
sidered as one ton ; but if it measured 30 cu. ft., 
and weighed 40 cwt., it would be reckoned 
by weight, and charged up as two tons. This may, 
at first sight, seem unfair to the shipper, and all in 
favour of the shipping companies, but as a matter 
of fact, in practice it works out very fairly. 

Primage and Other Charges* Primage 
added to the freight is usually reckoned at 
10 per cent., although this is npt invariable, for 
it differs at different ports. The various other 
incidental charges, such as carriage to the port of 
shipment, cartage from the station to t he dock, 
and dock dues or harbour expenses, are some- 
times charged separately, but more often are 
lumped together by the agent, who, in this way. is 
able to secure a little extra profit. 

The Bill of Lading. We now come to 
the bill of lading, which is the most important 
document in connection with the shipping trade. 
It is really the contract document in which is set 
forth the terms on which the goods are being 
carried by the steamship company to their 
destination, and it is also the document in which 
the captain of the ship acknowledges the receipt 
of the goods upon his vessel. The bill must 
be sign^ by the master of the ship himself, 
or, in his absence from the vessel, by a duly 
accredited agent. It states the number of pack- 
ages, with their marks and numbers and their 
condition. It gives their weights or measure- 
ments according to the way the freight is charged, 
with the rate of the freight, and the total due. 

The Wording of the Bill. The 
wording of the bills of ladihg of the vari- 
ous shipping companies varies, but in essen- 
tials they are all. the same. The opening 
part in which are ffUed in the particulars, is 
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more or less the same in all, and reads some- 
thing like this: Shipped, in apparent good 
order and well conditioned, by Messrs. James 
Brown & Sons, and received in good order and 
condition on the steamship ‘Tiflis,’ whereof is 
commander for this voyage Captain J. Robinson, 
official tonnage 5000, port of register London, 
now riding at anchor in Victoria Docks, for 
carriage to Monte Video, and to bo delivered 
subject to the exceptions and conditions set 
forth below in like good order and condition unto 
Messrs. Blanco & Co., or to their assigns on freight, 
primage, and charges for the said goods being 
paid by the shippers, twenty bales of woollen 
goods, marked and numbered as in the margin. 
In witness whereof the master of the said 
steamship hath affirmed to three bills of lading, 
all of this tenor and date, one of which biUs 
being accomplished the others to stand void. 
Dated in London, the 21st day of June, 1914.” 
Then follows the captain’s signature. 

Explanation of Phrases. Two or 
three points in this opening paragraph of the 
bill of lading need elucidation. The phrase 
“ Shipped, in apparent good order and well 
conditioned,” refers to the outside ap|)earance 
of the packages. The officers of the ship are 
not expected to open the packages in order to 
see if the contents are in good order; and in 
many bills of lading, therefore, it is the custom 
to provide a safeguard by inserting the words 
“ weight, measure, quality, contents, and value 
unknown.” When merchandise is shipped abroad, 
the packages do not bear upon them the address 
of the person to whom they are going, as the 
consignee may wish to sell the goods without 
having them unpacked, and is thus able to send 
them on as received, which would be impos- 
sible, or at any rate inconvenient, if they wore 
addressed to the first consignee. It is for this 
reason that the marks and numbers referred to 
in the first paragraph of the bill of lading as 
“ in the margin ” are placed on the packages. 
These marks are distinctive, and all the packages 
in one consignment bear the same mark, and are 
numbered consecutively, so that they can be 
easily identified, and there is no difficulty in 
detecting if one package be missing. Thus, if 
three cases wore going to Messrs. Brown and 
Jones of Singapore, then each might be marked 

something like this^ and have con- 

secutive numbers, as for example, 107, 108, 109.- 

Most shipping companies, in the body of their 
bills of lading, insist upon liberty to the steamer, 
either before or after proceeding towardAhe port 
to which the goods are being sent, “ to proceed 
to and stay at any port or places whatsoever, al- 
though in a contrary direction or out of or beyond 
the route to the said port of discharge, once 
or oftener in any order, backwards or forwards, 
for loading or discharging cargo or*pasi^gers, 
or for any other purpose whatsoever, and all 
such ports, places, and sailings shall be deemed 
included within the intended voyage.” 

Stipulations of the Bill of Lading. 
The conditions and exceptions of tne bill d 
lading are in substance much the same for all 
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shipping companies, and those mentioned here 
show to what extent the companies protect 
themselves. The master, owners, or agents of 
the vessel are not responsible for loss, damage, 
or injury arising from a number of causes, all 
carefully set forth as follows : “ The Act of Clod, 
the King’s Enemies, Pirates, Robbers, or 
Thieves by Land or by Sea, Vermin, Barratry 
of Masters and Mariners (which means damage 
done to the ship through wilful neglect or with 
a deliberate design to commit a fraud upon the 
insurers), Capture, >Scizure, or Embargo, Ad- 
verse Claims, Restraints of Princes and Rulers 
or Peoj)Io, Strikes, Lock-outs, Labour Disturb- 
ances, and Trade Disputes, whether partial or 
general, or anything in furtherance thereof, 
whether the Owners are parties thereto or not, 
the Action of Mobs, Effects of Climate, Heat of 
Holds, Steam, Smoke, Sweating, Tnsutliciency 
of Packages in size, strength, or otherwise, 
Bursting of Packages or consequences arising 
therefrom, Lcjikage, Breakage, Pilferage, Chafage 
(or rubbing), Wastage, Rain, Spray, Rust, Oil, 
Frost, Thaw, Fiood.s, Decay, Hook-marks (or 
injury from hooks). Stowage, or contact with or 
smell or evaporation from any other goods, or 
damage from Coal and Coal Dust, Drainage of 
any animals carried in the said ship, or from 
their stalls, inaccuracies in, obliteration, in- 
sufficiency or absence of marks, numbers, or 
addresses, or description of goods sliipped. 
difference between the marks or contents of the 
l)ackagcs and the description thereof in the Bill 
of Lading, the alleged marks, numbers, or de- 
scription in the margin notwithstanding. Injury 
to^ or soiling of Wrap])or.s or Packages, Loss of 
Weight, Detention, Delay, Lighterage to or from 
the vessel. Transhipment, Landing, Jettison 
(which means the throwing overboard of goods 
under stress of weather or to prevent foimdering), 
Explosion, Heat, Fire on board or on t he Shore, 
at any time or in any place, nor for Incorrect 
delivery. Perils or accidents of the Seas, Rivers, 
and Navigation, Boilers, Machinery or appur- 
tenances, Refrigerating engine or chamber, or 
any part thereof. Pumps, Pipes of any kind, in- 
cluding consequences of defects therein or 
damage thereto, collision, stranding, heeling 
over, upsetting, submerging, or sinking of ship 
in Harbour, River, or at sea. Admission of Water 
into vessel by any cause and whether for the 
purpose of extinguishing the fire or for any other 
purpose, unseaworthiness of the ship at or after 
the commencement of the voyage, any act or 
omission, negligence, default, or error in judg- 
ment of the Pnot, Master, Mariners, Engineers, 
Stevedores, Workmen, or other persons in the 
service of the Shipowners or their agents, whether 
on board the said ship or any other ship belonging 
to or chartered by them, for whose acts they 
would otherwise be liable.” From all this, it will 
be seen that the shipping companies do their 
best to cover themselves. , Where, owing to the 
route, there are special or peculiar risks, these 
are put in, as in the case of the P. &> 0. line, 
who, amoilg other things, mention in their bills 
of lading ** Accidents, loss, damage, delay, or 
detention from any act or default of the Egyptian 


Government or the Administration of the Suez 
Canal, or arising out of or consequent upon the 
employment of the company’s vessels in or 
assistance rendered by them in the i>crformance 
of his Majesty’s Mail Service.” 

Shipowners* Right to Carry by any 
Vessel, But these are only a few of the con- 
ditions set forth in a bill of lading, being, in fact, 
all contained in the first clause, whereas in many 
bills there are thirteen or fourteen clauses. The 
masters, owners, or agents of the vessel have 
full liberty to carry the goods by the steamer 
specified in the bill, or by any other ship or ships, 
either belonging to the same lino or to other 
persons, and in so doing, without notice to the 
shippers or consignees, to ciirry the goods past 
their port of destination, or land them at inter- 
meiliate ports, mnd to tranship, or land and store 
the goods, either on shore or afloat, and re-ship 
and forward the same by land or by water, by 
craft, steam, sail, or barge, whether in tow or 
otherwise, at the ship's expense but at the mer- 
chant’s risk, it being miderstood that all claims 
for loss or damage (consequent upon delay or 
detention of the goods from the foregoing or any 
other causes are excluded. 

Where thd Goods are to be Stowed* 

According to the bill of lading, the goods are to be 
stowed under the main d(5ck or between 'the main 
d(‘ck and upper de('k. or in the poop or in the 
bridge-house or deck-houses, or in peaks, or on 
deck, at the nuist<*r’s option and the shi])per’s risk. 
Should it bo found when the cargo is discharged 
that the goods have been landed without marks, 
or having marks differing from the bill of lading, 
the same is to be ap[)ortioned by the masti^r 
porter or receiver of (uirgo to the different lots, 
and the consignees shall conform to such allot- 
ment. Where bulk goods, or goods without 
marks, or with the same marks, are shippcKl to 
more than one consignee, the consignees shall 
jointly and severally bear any expense and loss 
in dividing the parcel into pro rata quantities, 
and any delicit shall fall upon ( hem in equal pro- 
portions as the agent of tlie vessel may decide. 

Conditions of Discharging the Goods. 

The goods are to bo discharged from the vessel 
as soon as she is ready to unload at the wharf, 
or into hired lighters, and to be landed by the 
master or agents, but at the expense and risk of 
the owners of the goods. The ship may, quite 
irrespective of weather, discharge continuously, 
Sundays and holidays included, and should the 
master or agents require discharge to be mode 
beyond the usual Custom House hours, the con- 
signees are bound, if so required, to sign imme- 
diately an application for this purpose. In case 
of quarantine or other sanitary regulations, the 
goods may be discharged into quarantine depot, 
or other vessel, as required for the ship’s despatch, 
or should this be impracticable, or the ship not be 
admitted, the master may proceed on his voyage 
and land the goods at the nearest safe port, m 
his opinion, at the risk and expense of the 
owners of the gocKls, or retain them on board 
till the ship returns. Quarantine expenses upon 
goods, of whatever nature or kind, have to be 
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borne by the owners of 'the goods; In case of 
the blockade or interdict of the port of discharge, 
or if the entering of or discharging in the port is 
considered by the master in his absolute discre- 
tion unsafe by reason of quarantine, war, or 
disturbance, whether existing or only antici- 
pated, or from any other cause, the master may 
land the goods at any other port which he may 
consider safei at the expense and risk of the 
owners of the goods. The ship’s responsibility 
ceases when the goods are thus discharged under 
quarantine, or landed at another safe port. 

Th<9 Payment of the Freight. On most 
bills of lading it is distinctly stated that the. 
freight is to be paid by the shippers in full, 
without abatement or discount, in exchange for 
the bill of lading, whether the ship is lost or not 
lost. The full freight is due on damaged or un- 
sound goods. The owners or agents of the ship 
have a lien on the goods, not only for the freight 
or charges thereon, but for all previously unsatis- 
fied freights and charges due to them by the 
consignee, an<L in the event of any accident 
requiring a contribution to be made by the 
consignee in general average, the consignee 
shall, before receiving the delivery order for the 
goods, be bound to sign the average bond, and 
pay to the master, owners, or agents of the 
vessel such reasonable deposit towards the 
average expenses as they may require, and they 
shall have a lien on the goods for the payment. 

All fines, expenses, losses, or damage which 
the shipowners or their agents or servants or 
the ship or cargo may incur on account of the 
incorrect or insufficient marking of the packages 
or description of their contents, or the nature of 
such contents, or on account of the absence of 
any particulars required by the -authorities at the 
port of loading or discharge, or the failure to 
provide any particular document, or to meet any 
other requirements of the authorities, must bo 
paid by the shipper or consignee as required, 
and the owners or agents of the vessel have a 
lion on the goods for this payment Any such 
lien may be made available by sale or otherwise. 
The masters, owners, or agents of the ship are 
not rostx)nsible for any loss arising from the con- 
sequences of the Customs law of foreign countries. 
The freight on live-stock is payable on the number 
of animals shipped, irrespective of the number 
or condition of those landed, and the master and 
owners, etc., of the ship are not responsible for 
the death or injury of the stock, however 
occasioned, all live-stock being carried at the 
shippers’ risk absolutely. It is distinctly speci- 
fied that no damage, injury, or loss arising to 
live-stock is recoverable in general average, but 
must be borne by the owners of such stock. All 
the expenses of landing live-stock must be borne > 
by the shippers or their consignees. 

Liability of the Shipowners. The bill 
of lading oarefuliy specifies the restrictions 
on the shipowner’s liability^, even where, amid all 
the exceptions and stipulations, he has a liability. 
He is not liable for any damage to goods or for 
any* claim notice of which is not given before 
the removal of the goods from the vessdi. He is 
not accountable for costly merchandise-^jewel- 
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lery, rare china, furs, iacc.y, and no on— beyond 
the value of two pounds sterling per cubic foot 
for any one package, or relatively for any pro- 
ortion thereof, nor in any case for any amount 
eyond the invoice price of the goods, unle^ 
shipment be made upon a special order con- 
taining a full declaration of the value, and the bills 
of lading are signed in accordance therewith, and 
extra freight paid. Any claim which an owner of 
goods, whose ownership is carried on through the 
bill of lading, wishes to prosecute can only be 
made against the party in whose possession the 
goods were when the event occurred on which the 
claim is based ; that is, a ship conveying part 
only of any lot of goods for which a through bill 
of lading was granted is not responsible for the 
delivery of the remainder of such lot. Through 
goods are subject to all the conditions of the 
receipts given by each company by whose line 
they pass to their destination. Any claims for 
loss by damage or short delivery or otherwise 
arising out of the bill of lading can, in the 
option of the shipowners, be settled direct with 
the owners in England according to English law, 
to the exclusion of proepedings in the courts 
of any other country. 

Goods Liable to Confiscation. Any 

goods of an infiammablo, explosive, or otherwise 
dangerous character, shipped without per- 
mission and without full disclosure of their 
nature, may bo seized and confiscated or de- 
stroyed by the shipowner, at any time before 
delivery, without any comperu?ation to the 
shipper or consignee, and the shipper is respon- 
sible for all damage, loss, or expense that may be 
sustained by the shipowners in consequence of 
such shipment. 

Other Conditions. Still other conditions 
are contained in a bill of lading, as for instance 
that the ship has liberty to sail with or without 
pilots, to tow and assist other vessels in all 
situations, and to carry goods of all kinds, 
dangerous or otherwise. It is also usually 
declared that the shipowner is not liable for any 
loss, detriment, or damage to any goods which are 
capable of being covered by insurance, and that 
in case any part of the goods cannot be found 
for delivery during the vessel’s stay at the port 
of discharge, they are to be sent back at the 
ship’s expense at the first opportunity when 
found ; the vessel not to be held liable for any 
loss arising from such over-carriage. 

Of course, as already stated, bills of lading 
vary a good deal, and, while some of them are 
fairly simple, others are formidable doouments 
with many long clau^s printed in small type. 
The conditions and stipulations set forth above, 
however, are culled from a number of bills, and 
are fairly general. It will be seen that the 
responsibility of the shipowner is very restricted. 
Sailing-ships usually give much simpler bills of 
lading than steamships. 

Stamping and Despatching the Bills 
of Lading. As already indicated, the bills 
of lading are made out in triplicate, and each 
copy must, to be effective, be stamped with, a 
sixpenny stamp before the document is signed. 
If the bill is signed before it is stamped, the 



person who executes it is liable to a hne of fifty 
pounds. The merchant sends one copy of the 
bill of lading by mail *to the consignee, another* 
he sends by the steamer addressed to the con- 
signee, so that if the vessel arrives before the 
mail, as occasionally happens, there may be no 
unnecessaii^ delay in obtaining the goods ; the. 
third copy the merchant retains for reference. 
In some cases the second bill, instead of being 
sent by the ship, is forwarded by a succeeding 
mail, in case the first bill miscarries. Sometimes 
these three copies have printed on them the words 
Original, Duplicate, Triplicate, as the case may be. 
Another copy, this time an unstamped one, is 
handed to the master of the ship by the shipping 
agent, with the other ship’s papers, and is called 
t&) “ Captain’s Copy.” Sometimes, in order to 
save the trifling stamp duty, the exporter’s copy 
is not stamped, and in such a case it must not be 
signed, or the penalty will bo incurred. 

When Liability Begins. Many legal 
points arise in connection with a bill of lading. 
It is important, for instance, that anyone en- 
gaged in the shipping business should know 
when the liability on a bill of lading actually 
begins. It has been upheld by a legal decision 
that the liability of the master of a ship who has 
signed a bill of lading on behalf of the owners of 
the vessel begins a6 soon as there has been 
delivery to the shipowner’s servants, even though 
the go^s may not have been delivered on board. 
The bill remains in force until the shipowner has 
fulfilled his engagement. 

Delay at Sea. It has been held by the 
courts that the principles that govern the re- 
covery of damages for delay on land cannot bo 
appli^ to conveyance by sea. The decision is 
an important one to shippers. “ If goods,” said’ 
the judge, “ are sent by a carrier to be sold at a 
particular market; if, for instance, beasts are 
sent by railway to be sold at Sinithfield, or fish is 
sent to be sbld at Billingsgate, and by reason of 
delay on the part of the carrier they have not 
arrived in time for the market, no doubt damage 
for the loss of market may be recovered. So if 
goods are sent for the purpose of being sold in a 
particular season when they are sold at a higher 
price than they are at other times, and if by 
reason of a breach of contract they do not arrive 
in time, damages for loss of market may be 
recover^. Or if it is known to both parties 
that the goods will sell at a better price if they 
arrive at one time than if they arrive at a later 
time, that may be a ^ound for mving damages 
for their arriving too late and selling for a lower 
sum; The difference between oases of that kind 
and oases of the carriage of goods for a long 
distance by sea seems tb be very obvious. In 
order that damages might be recovered, we must 
come to two conclusions — first, that it was reason- 
ably certain Aat the goods would not be sold 
until they did arrive ; and secondly, that it wm 
reasonably certain they would be sold immedi- 
ately after their arrival, and that that was known 
to the earner when the bills of lading were signed. 
It appears to me that nothing could be more 
unoertain than either of these two assumptions 
m tlija cai^. Goods imported sea may be. 
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and arc, every day sold while at sea. . . . . In 

this particular case the plaintiff did not sell the. 
goods when they arrived, for he sold them some 
months afterwards, when a further fall .had 
taken place in the market. How can we tell 
that he would not have done exactly the same 
thing if the goods hfwl arrived in time ? There- 
fore, it seems to me that to give these damages 
would be to give speculative damages — to give 
damages when we cannot be absolutely certain 
that the plaintiff would not have suffered just 
as much if the goods had arrived in time.” 

A Bill of Lading a Negotiable Docue 
ment. A bill of lading is negotiable, and any one 
cony that has been honestly come by will give a 
title to the goods. For this reason, banks which 
advance money against a bill of lading always, 
take care to secure possession of all the copies, 
or, as it is technically called, a “ full sot.” The 
Bill of Lading Act, 185.5, defines the title of the 
holder of a bill. “ Every consignee of goods 
named in a bill of lading,” says the Act, “ and 
every endorsee of a l)ill of lading tp whom the 
property in the goods therein mentioned shall 
pass upon or by reason of such consignment or 
endoi’sement, shall have transferred to and vested 
in him all rights pf suit, and be subject to the same 
liabilities in respect of such goods as if the 
contract contained in the bill of lading hod 
been made with him.self. Nothing herein con- 
tained shall prejudice or affect any right of 
stoppage in transitu, or any right to claim 
freight against the original shipper or owner, or 
any liability of the consignee or endorsee by 
rea»son or in consequence of his being such 
consignee or endorsee, or of his receipt of the 
goods by reason or in consequence of such 
consignment or endorsement. 

“ Every bill of lading,” continues the Act, 
“in the hands of a consignee or endorsee for 
valuable consideration, representing goods to 
have been shipped on board a vessel, shall be 
conclusive evidence of such shipment as against 
the master or other person signing the same, 
notwithstanding that such gooils or some part 
thereof may not have been so shipped, unless 
such holder of the bill of lading shall have had 
actual notice at the time of receiving the same 
that the goods had not been in fact laden on 
board; Provided that the master or other 
person so signing may exonerate himself in 
respect of such misrepresentation by showing 
that it was caused without any default on his 
part, and wholly by the fraud of the shipper, or 
of the holder, or some person under whom the 
holder claims.” 

Letter of Indemnity. As a shipowner is 
responsible for any damage to the goods he is 
carrying, other than the damage against which 
he is protected in the conditions set forth in his 
biU of lading, it is the practice to note in the 
mate's receipt, and sometimes in the bill of lading 
also, any damage discovered in the imckoges 
when they were put on board. A bill so en- 
dorsed is said to be a foul bill of lading, and 
bankers look with suspicion upon such docu- 
ments, because a claim is almost certain to be 
made' when the goods arrive. It is the custom, 

2449 



GROUP 12— BUSINESa 

therefore, for the shipper to give what is known 
as a letter of indemnity to the agents or master 
of the ship, so as to secure a clean bill of lading. 
This is worded somewhat in this way : “ To the 
captain of the s.s. ‘ Elim,’ from London to New 
York. Dear Sir, — In consideration of your 
signing clean bills of lading for [here follow the 
name and descrix)tion of the goods, with the 
marks, etc.] shipped by us on your steamship, 
the mate’s receipt for which states two bales 
broken, we hereby undertake to indemnify you 
against any claims that may be msule on account 
thereof on the arrival of the steamship at New 
York.” This letter is generally attached to the 
captain's copy of the bill of lading ; and if, when 
the vessel arrives, a claim is made and settled 
on account of the damage, it is afterwards 
recovered from the shippers. 

A Charter Party. When a merchant 
has BO many goods to ship to a certain j3ort or 
part of the world that he can fill a whole vessel, 
ho hires or charters a ship, and the document 
which contains the terms of the agreement 
between him and the shipowner is called .a 
charter i^arty. All the conditions of the con- 
tract are fully sot forth, with the obligations of 
both the merchant and the shipowner. As in 
the case of bills of lading, the wording varies 
according to the shipowner concerned, but the 
document usually re^s very much like this. 

“It is this day mutually agreed between 
William Jones and Sons, ownera of the steamship 
called the ‘ Aurora,’ of the measurement of 4500 
tons not register, classed A I at Lloyd’s or equal 
thereto, now at anchor at this port, and Messrs. 
James Robinson and Company of London, 
merchants and charterers. That t lie said steamer, 
being tight, staunch, and strong, and in every way 
fitted for the voyage, shall with all (joiivenient 
speed receive and take on board a full and 
complete cargo, consisting of woollen goods in 
2300 bales, and being so loaded shall proceed as 
ordered on signing bill of lading to one safe port on 
the Continent between Havre and Hamburg, both 
inclusive, or as near thereunto as she may safely 
get, and deliver the same on being iiaid freight 
at the rate of forty shillings per ton, being in full 
of all port charges and pilotages as customary.” 

Conditions of a Charter Party. The 
conditions of the charter party are then set 
forth usually as a scries of numbered clauses. 
“ The freight to bo paid on unloading and right 
delivery of the cargo, in cash at the current rate 
of exchange. As much cash as the master may 
require for the ship’s ordinary disbursements at 
the port of loading, not exceeding £150, to bo 
advcmced, if required, subject to 3 per cent, 
for interest and insurance. Fourteen working 
days, Sundays and holidays excepted, are to be 
allowed the said charterer for losing, and ten 
days on demurrage, over and above the said 
laying days at fourpence per net register ton per 
day. Lay days to count twenty-four hours 
from the captain’s written notice of readiness for 
loading. Charterers to have the option of loading 
on Simdays and holidays, such days to count as 
lay days for the time actually occupied. The 
cargo is to be brought to and taken from along- 
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side the ship at the charterer’s risk and expense. 
The captain is to sign the bills of lading as 
present^, if in accordance Irith the mate’s 
receipts, . and at any . rate of freight, without 
prejudice or reference to this charter party, if 
not at variance therewith, the owners having a 
lien on the cargo for freight, dead freight, and 
demurrage. Should the total freight shown by 
bills of lading amount to less than the freight 
stipulated by this charter, the difference is to be 
paid to the captain before sailing, and should 
Iho freight as shown by the bills of lading 
amount to more than the freight stipulated by 
this charter, the difference is to bo paid before 
starting to the charterers by captain’s draft on 
the owners, payable forty- eight hours after 
amving at the discharging port.” 

There is also a clause setting forth as in the 
bill of lading the various causes, such as “ act 
of Ood, pirates, thi(?ves, etc.,” for the damage re- 
sulting from which the shijiowners are not liable. 

There is no specified legal phraseology for a 
charter party, but in substance they are as 
stated above. In the case of voyage charters, 
1 ho shiji is hired for a certain specified voyage ; 
in lime charters it is for a fixed time. 

Points about a Charter Party. The 
charterer is not, of course, obliged to fill the ship 
with his own goods. He may sublet a part of the 
vessel, or ho may fill up by undertaking to carry 
the goods of other merchants at any rate ho 
like.s to fix, quite independent of the shipping 
company. The phrase “ tight, staunch, and in 
every way fitted for the voyage ” is known aa 
the warranty, and implies that the vessel is sea- 
worthy and fully capable to take the voyago 
contemplated. Very often the port to which the 
ship is to take her cargo is not named in the 
charter party, but. as in the case given above, the 
words “ one safe port on the Continent between 
Havre and Hamburg, both inclusive,” are used. 
The exact name of the destination is usually 
filled in before the vessel sets out. When a 
vessel is chartered at a foreign port, it is usually 
done through a shipbroker, who signs tho 
charter party as agent for the shipowner. 

Freight of Charter Parties. When a 
vessel is chartered, the freight is usually reckoned 
on a basis of so much per ton of forty or fifty 
feet, although for some cargoeii it is reckoned at 
per ton weight. Occasionally a lump sum is 
paid. If for some reason tho chartered vessel 
is unable to get all the cargo it is capable of 
carrying, the freight has to bo paid on that 
which is missing, just as though it*ha<i been 
shipped, and this is called dead freight. In a 
time charter tho freight is sometimes agreed to 
in one lump sum, and at other times it is reckoned 
at so much per ton per day during the period the 
ship is chartered. 

Lay Daya. The lay days mentioned in 
the charter are tho days allowed for loading 
and unloading, and begin as soon as the ship has 
been given permission to load or discharge. 
They are sometime described in. the charter 
party as running days, and sometimes simply ^ 
working days, but there is a difference which it is 
important that the charterer should note. 



Running days are consecutive days 'Without a 
break of any kiijd, but working days are those 
devoted to actual work at the port where the 
ship is loading, and do not include Sundays and 
holidays. Charter parties usually stipulate that 
there shall be an allowance of so many days on 
demurrage, over and above the number of lay 
days, on payment of so many pence per register 
ton per day. steamer’s demurrage is usually 
reckoned at £20 or £25 per day. It is some- 
times agreed that despatch money shall be paid ; 
that is, that for every day saved out of the lay 
days in loading the charterer shall receive a 
certain sum, usually reckoned at £10 or £15 per 
day if the vessel is a steamer, and if she is a 
small sailing-vessel at much less, of course. 

Bottomry and Respondentia Bonds. 
Sometimes the master of a vessel during a 
voyage is compelled, owing to stress of weather 
or other cause.s, to put into a port for repairs, 
and it becomes necessary for him to raise money 
to pay for these. In order to do so, he may 
draw and sell a draft on his owners, which is 
the usual method, but sometimes the master 
finds himself unable to sell his bill. Two 
courses then lie open t-o him. One is to raise 
money on the ship itself, or on the ship and its 
cargo ; and the other is by selling some of the 
cargo, which, in the circumstances, he has a legal 
right to do. In the former case he executes 
what is known as a bottomry bond if he pledges 
only the ship ; but if he pledges also the cargo, 
then the document is called a respondentia 
bond. The bond is really a mortgage on the 
ship, or the ship and its cargo, which is given as 
security for the repayment of money advanced 
for the repairs, ete. The term bottomry ” is used 
because the captain pledges as security the kool 
or bottom of his vessel, as representing the 
whole ship. 

Certificates of Origin. For certain 
countries a document known as a certificate of 
origin is required with the goods shipped, this 
being an authorised indication of the country 
from which the goods have come. The point 
about the certificate of origin is that it helps the 
British manufacturer by enabling his goods to 
enter a country at a smaller Customs duty 
than that levied on the goods of another country. 
In the case of some of our Colonies, such as 
C^ada, Australia, and so on. there is a dis- 
crimination made in favour of British goods, 
which pay a lower duty than those of foreign 
countries, tho certificate of origin being the 
testimony that the goods have really come from 
Britain. The certificate of origin also works in 
favour of Britii^h goods when two tariff countries 
are carrying on a tariff war with one another. 
They increase the Custom dues on one another’s 
goods, and the oerfificate of origin, by showing 
that the merchandise is British, secures a lower 
duty than the country engaged in the tariff war 
would have to pay. These certificates of origin 
have to follow certain recognised forms, which 
are different for the different countries, and 
while the forms may be obtained from the 
Agents-General of the Colonies, the Parliamentary 
law stationers, and others, large firms usually 
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print them themselves on the backs of their 
invoices. The certificate for Canada, for instance, 
must be signed by the manager or other 
responsible official of the firm ; and after a 
declaration that he is” authorised by his firm to 
act, the manager iiroceecis to testify that all the 
articles included in the invoice are bona fide the 
produce or manufacture of (ircat Britain; that 
the said invoice contains a tnic and full statement 
showing the price actually paid for the said goods, 
the actual quantity thereof, and all charges 
thereon ; that the said invoice also exhibits 
the fair market value of tlie said goods, and that 
no different invoice of the goods mentioned has 
been or will be furnished to anyone ; and that 
no arrangement or understanding affecting the 
purchase price of the said goods has been or will 
be made or enteral into between the exporter and 
purchaser, or by anyone else on behalf of them, 
either by way of discount, rebate, salary, or 
compensation. 

For Russia, a certificate of origin may bo made 
out in English or French, ami must bear the 
signature of the secretary of a (chamber of 
Commerce. For Spain the document mii.st be in 
French or Spanish, and the Chamber of 
Commerce .secretary \s signature must be vised by 
the Spanish consul of the district from which the 
goods are exportal. 

The Ship's Papers. Every British ship 
carries what are known as ship’s papers, a 
series of documents usually nine or ten in 
number. The certificate of registry is a paper 
grantal by the registrar of the port where the 
vessel ha.s been registered, and is the legal proof 
of her nationality. It specifies her name, descrip- 
tion, and tonnage, the name of her master, and 
the name of her owner. The ship’s log is the book 
containing a daily record of the vessel’s progress, 
the winds and weather encountered, and so on. 
The ship’s articles are the agreements which the 
seamen have signal, and they state each man’s 
rank, wages, and term of engagement, and aisc 
the food to be provided. The crew-list or muster- 
roll is a list of all the persons on board the vessel. 
The bill of health is very important ; it is a 
certificate granted by the consul at the port 
which the vessel has left, stating whether any 
infectious disease existed at that place at the 
time of sailing. Where there was no such disease 
the bill of health is said to be “ clean.” If there 
was any infectious disea.so, then the bill is 
described as “ foul.” 

The manifest is a description of the ship’s 
cargo, with the marks and numbers, contents, 
and value of each package. It is usually signal by 
the master or agent of the steamship company. 
The ship’s papers also very often include the 
builder’s certificate and the bill of sale, the 
document given by the seller to t he buyer when 
the vessel changed owners. They also include the 
charter party. 

These chapters on imports, exports, and the 
shipping of goods will give a general idea of the 
principles of shipping business, but the details 
must be learned in actual practice in an office 
where the export or import business is being 
carried on. CHARLES RAY 
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GROUP 13-PHYSICS AND POWER ' THE SCIENCE OF MOTION-CHAPTER 19 

Rays of Light and their Characteristics. Magnetism and Light. 

Radiation Pressure. The Weight of Light on the Earth, 

LIGHT RAYS AND LIGHT PRESSURE 


W E already know tliat just as there arc rays 
beyond the violet, so there are rays below 
the rod. These, indeed, are none other than the 
raj^s of radiant heat. 

The Rays of Radiant Heat. When sun- 
light is spread out into a spectrum, tliOvSe rays 
also are sorted out into their places. If we place 
a highly sensitive thermometer in various parts of 
the spectnim, in succession, wo can precisely 
ascertain their heating power. We find that the 
greatest heating power is exercised by a i)art of 
the Sjiectrum considerably below the red, and 
that from this point onward tlie heating power 
steadily diminishes, until at the violet end of the 
spectnim it has practically vanished altogether. 

We clearly understand, of course, that these 
infra-red rays are related to the red rays, just 
as a C on the piano is related to a D or an E 
above it. They are in every res£>eot as real as 
the visible rays. The essential difiercnce between 
them, from our point of view, is merely that 
our rctiniu are so constructed that wo can see 
the one kind but are blind to the othci*. In 
j^roof of this, we may note that, just as tht'ro 
are Fraunhofer lines in the visible spectrum, so 
there are absolutely identical lines in the infra- 
red part of the spoetrum — lines or gaps where 
there is no radiation at all, and the explanation 
of which is identical with that of the gaps the 
presence of which can be detected without 
difficulty by direct vision. 

Light and Magnetism. Further aspects 
of spectroscopy are discussed in conskh'ring 
the chemistry of the stars [see CiiEMfSTKY]. 
Meanwhile, however, wo must briefly consider 
a special aspect of spectroscopy which depends 
upon the relations betw^eon light and magnetism. 
In discussing this subject, there is no choice but 
to use certain jihrases the meaning of which 
cannot positively be understood until magnetism 
itself has been studied, but we shall reduce their 
employment to the smallest possible limits. 

The relations between magnetism and light 
are of fundamental importance, and in consider- 
ing the most imiiortant of thorn w'o cannot do 
better than quote freely from the words of 
Professor Sir d. J. Thomson. He points out that 
“ the first relation betw'een magnetism and light 
was discovered by Faraday, who proved that 
tho piano of polarisation of a ray of light was 
rotated when the ray travelled through certain 
substances parallel to the lines of magnetic 
force. This powder of rotating tho plane of 
polarisation in a magnetic field [see page 493] 
has been shown to be possessed by all refracting 
substances, w'hether they are in the solid, liquid, 
or gaseous state.” 

It was natural that, having made this great 
discovery, Faraday should seek to see w^hether 


a magnetic field influenced tho nature of the 
light emitted by any luminous body, but 
Faraday’s apparatus was not adequate to bring 
him success. A great advance was made by 
Professor Zeeman, of tho University of Amster- 
dam. He found that spectral lines character- 
istic of lithium and of sodium were decidedly 
broadened if the flames containing salts of these 
substances w^ere placed between tho poles of a 
powerful electromagnet. 

** Rays of Light in a Magnetic Field.’* 

Zeeman found that “ in a strong magnetic field, 
W'hen the lines of force are parallel to the direction 
of pro)>agation of the light, the line (characteristic 
of cadmium) is split up into a doublet, tho 
constituents of which aro on opposite sides of 
1 he undisturbed position of the line, and that the 
light in the constituents of this doublet is 
circularly polarised, tho rotation in the two lines 
being in op])osito directions.” On the other 
hand: “When the magnetic force is at right 
angles to the direction of propagation of the light, 
tho line is resolved into a triplet, of which tho 
middle line occupies the same position as tho 
undisturbed lino ; all tho constituents of this 
triplet are plane-) lolarised. tho piano of polar- 
isation of tho middle lino being at right angles 
to the magnetic force, while the outside lines are 
)Tolariscd in a piano parallel to the lines of 
magnetic force.” 

It is not )jossiblo here to go into the mathe- 
matics of this subject. Professor Lorentz has 
gone very far to explain the Zeeman effect, and 
his explanation is entirely in accord with tho 
modem view of the structure of matter [see 
CifEMisTRY], Tho interpretation of Zeeman’s 
observation leads us to believe, first of all, 
that the bodies which produce the luminous 
vibrations which the spectroscope analyses are 
negatively electrified. Secondly, tho properties 
of such bodies closely correspond to those of the 
negatively electrified particles which constitute 
what are still called the cathode rays, and which 
we now know as electrons, “ Thus we infer,” 
says Sir Joseph Thomson, “ that the cathode 
particles are found in bodies even where not 
subject to the action of intense electrical fields, 
and are, in fact, an ordinary constituent of the 
molecule [the atom].” 

Light under Magnetic Force. But 

the Zeeman effect will teach us far more than 
this, though such a confirmation of the cor- 
puscular theory of matter is obviously of the 
greatest value. It is found that mametio fields 
influence light in a far more compex fashion 
than that hitherto described. Spectral ' lines 
are sometimes split up into sixes and nines as 
well as threes. This indicates that the lines in 
question must be due to the vibration within the 
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atom of systems consisting of more electrons 
than one. This, of course, entirely coincides 
with the doctririhs which we have advanced in 
the course on Chemistry, where it is shown that 
within the larger atoms there are sub-atoms, 
or systems of corpuscles, such as those which 
give rise to the helium atom when the radium 
atom disintegrates. Several years ago Sir Joseph 
Thomson said : “ Thus the behaviour of the 
spectrum in a magnetic field promises to throw 
great light on the nature of radiation, and perhaps 
on the constitution of the elements.” And about 
the same time Dr. Knott said : “ The general 
explanation of the phenomenon follows at once 
from Maxwell’s electromagnetic theory of light, 
taken in conjunction with the obvious hypo- 
thesis that, in the molecules whoso vibrations 
are the source of the radiation, there are electrical 
vibrations which will respond to a magnetic force 
brought to bear upon them.” 

Spectral Lines and the Theory of 
Matter. Sir Joseph Thomson predicted that 
the recent discoveries as to the relations between 
magnetism and light would help us to under- 
stand the constitution of tho elements. This 
prediction has been abundantly verified. Ten 
years after his original discovery. Professor 
Zeeman was asked to show some of his famous 
ex}ieriments, and offer the most recent interpre- 
tation of them, before the Royal Institution. 
He then pointed out certain facts w!\ich we 
may here quote. 

“ The study of the spectral lines,” said 
Professor Zeeman, “ affords a most cogent sup- 
port to the electronic theory of matter. Further- 

more, it has long been known that in tho spectra 
of many metaw there occur certain series of 
related lines which show a correspondence in* 
the various groups of metals. The lines which 
belong to different series show the difference 
between them by the fact that they always 
behave differently under the influence of mag- 
netism, but the fundamental relation betwt^en 
lines of one series, occui'ring again and again in 
related elements, is shown by the fact that these 
linos behave similarly to one another under the 
influence of magnetism. We have already seen 
that some lines are separated into triplets, some 
into sextets, or sixes, and some into nonets, or 
nines. Now, it is the fact that, in a group of 
elements, corresponding series of spectral lines 
show the same degree of resolution, whether 
into threes, sixes, or nines.” In a word, the more 
intimately we study the Zeeman effect, the 
further proof do we find of the relation between 
the elements, and the more nearly do wo come 
to ' understand in what that relation consists. 
In short, we may say that the magnetisation of 
the spectral lines affords one of our very best clues 
to the iimer structure of the atom. 

The Zehman Effect Summarieed- 
The Zeeman effect, in the words of the dis* 
coverer Mmself, may thus be briefly pmmarised : 
Certain spectral lines are divided into three in 
a magnetic field when the lines of magnetic force 
are at right angles to the direction of propagation 
cf the Imht. Of these three, the middle dom- 
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ponent is plane- polarised in one direction, and tho 
two outer components in a different direction. 
If the lines of force are parallel to the direction 
of propagation of the light, similar lines are split 
up into only two components, which are circularly 
polarised in opposite directions to each other. 
Hence, it may be argued that, in a gas which is 
emitting light, the ethereal vibrations arise from 
negatively electrified corpuscles, the size of which 
corresponds to that suggested by the study of the 
cathode rays. 

All the Facta Consistent. As we have 
seen, corresponding series of spectral linos in 
different elements — elements forming groups in 
Mendelcef’s table of tlie Periodic Law — show tho 
same ty|)e of resolution of the lines constituting 
the series, and show the same amount of separa- 
tion of them. Hence it is inferred—nnd this is 
most important — that all the lines constituting 
a series of spectral lines are ]>roduced by one 
oscillating or rotating system of electrons within 
the atom, and therefore that the number of 
series of lines in the spectrum of any “ element ” 
indicates tho number of oscillating or rotating 
systems contained in the atom in question ; 
and, lastly, that in a group of related clemtint.s 
the oscillating systems giving rise to correspond- 
ing series of si)ectral lines are identical. 

It is of some interest to notice that the amount 
of separation (due to a magnetic field) of the 
components of a spectral line is proportionate, as 
might be ex£X^cted, to the strength of tho mag- 
netic field. This fact, curiously enough, affords 
a service for the student of mognetism. The 
most accurate means, and by far the most 
delicate, of measuring the strength of a magnetic 
field is to be found in measuring the effect of that 
field in resolving the spectroscopic lines in the 
light of some element which has been made 
luminous for the purpose. 

Light as a Carrier of Momentum. 
When we discussed gravitation and the ether, 
we made some reference, apparently out of 
place, to the pressure of light. It was pointed 
out that this pressure exercised by light against 
any surface upon which it falls is really no 
more than an instance of a still more general 
phenomenon called radiation pressure. We 
observed that light must exercise a pressure 
if it be of the nature which Clork-Maxwell 
demonstrated. It was further noticed that the 
figures for radiation pressure which Clerk- 
Maxwell arrived at, a priori, have been demon- 
strated to be practically correct in consequence 
of the a posteriori or experimental demonstration 
of radiation pressure by Lebedow and by 
Professors Nicnols and Hull [see page 742]. 

The reason why we had to discuss radiation 
pressure in that place was that it is a uniyer^I 
or practically a universal force which, in its 
measure, is opposed to gravitation, because it 
acts in precisely the opposite direction. We 
commented upon tho fact that radiation pressure 
compels us to modify our statements both of 
Newton’s first law of motion and of his law of 
gravitation. Here we must make some brief 
further reference to the subject. 
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Radiation Pressure and a Moving 
Body. We do so, in the first place, because 
it is properly a part of the subject of light, 
or, rather, of radiation in general, and also 
because the work of Professor Poynting, to 
which we alluded on page 743, has since been 
discussed by himself at the Royal Institution. 

What is probably the most important con- 
tribution of Professor Poynting to the subject 
is the observation that a moving body, whether 
small or great, which is omitting light — or any 
other form of radiant energy — tends to crowd 
upon the waves in front of it, while those behind 
it tend to bo thinned out. The consequence 
is that the radiation pressure is greater in front 
of the body than behind it, and constantly acts 
as a break upon its motion. 

Direction of Light and Sound Waves. 

Now, this case is, after all, only the latest illus- 
trjition of a theory which goes by the name of 
JJdppler\^ Principle, and plays an important 
))art in many brandies of physics. In describing 
it we cannot do better than quote the authori- 
tative words of Professor Tait. The reader will 
see from them how this principle is applicable 
to waves of many different kinds : 

“ When a ste amer is moving in a direction 
perpendicular to the crests of the waves, she 
will encounter more of them in a given time if 
her course is towards them than if she were 
at rest ; while, if she be moving in the same 
direction as the waves, fewer of them will over- 
take her in a given time than if she were at rest. 
The same thing is true of sound-waves. When 
an express train passes a level crossing at full 
speed, the pitch of the steam-whistle is higher 
during the approach to and lower during the 
recess from the listener at the gate than it 
would be if the engine were at rest. The 
successive sound-pulses are emitted at the 
same intervals as before, but from points 
successively nearer to or farther from the 
listener Hence, more or fewer reach his ear 
in a given time.. The principle is precisely 
the same as that of Romor’s observation of 
the frequency of eclipse of Jupiter’s satellites. 
Th number of light-waves which reach the 
eye per second is increased if the source is 
approaching, and diminished if it be receding.” 

Application of the Principle. Doppler’s 
Principle is usually described under Acoustics, 
and the usual acoustical illustration has been 
quoted above, but we have' deferred its dis- 
cussion until this place because it is of far 
greater importance in relation to light than it 
is in relation to sound. One of the earliest 
applioations of the principle in the realm of 
light was made, as we have seen, by the late 
Sir William Huggins, who was enabled by its 
means to solve a problem which Oomte, for 
instance, had declared to bo necessarily im- 
possible of solution throughout all time; namely, 
the problem of ascertaining the motion of the 
fixed stars to or from the earth, or our motion 
relatively to them — in the line of sight. This 
problem might indeed appear insoluble, but 
Huggins was able to ascertain, by the appli- 
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cation of DSppler’s Principle, the movements 
of stars which may bo moving directly towards 
us or from us, and the light of which is thus 
constantly affected in wave length and frequency. 

Reflection and Recoil of Light. Let 

us now return to radiation pressure, and consider 
a few of its consequences and one or two of tbs 
facts which it may more or less certainly explain. 
From this point of view wo have to consider light 
as a momentum carrier. Now, there are certain 
fundamental dynamical laws which have their 
application in this sphere also. Wo believe, for 
instance, that action and reaction are equal and 
opposite. If, then, when we fire a rifle, it kicks, 
there ought to be a similar back-push or recoil 
when a radiant body lires off, so to speak, a 
train of light-waves. The physicist knows, 
indeed, that this must be so. It is therefore 
extremely interesting to observe that, when 
Professors Nichols and Hull made their now 
celebrated experiments, they obtained just 
double the result in respect of pressure when the 
waves of light with which they experimented 
were retlectt^d. In oilier words, these waves of 
light first of all exercised a pressure when they 
struck the surface, and then gave it a kick os 
they were reflected from it. 

75,000 Tons of Light. Professor 
Poynting has also studied the influences which 
light pressure duo to radiation from the sun — 
or, to bo more accurate, the whole radiation 
pressure from the sun — must over bo exor- 
cising upon the earth, with the consequence of 
tending to arrest its onward motion. This 
amounts to what at first sight would appear 
to bo a formidable figure, the equivalent of 
the weight of 75.000 tons. But that this 
resistance to the earth’s movement is trivial, 
and can have niarked consequences only in the 
remotest future, will bo evident if we consider 
that this push of the sun must bo pittt;d against 
his gravitational ijull, which is millions of times 
greater. Various conclusions of importance 
follow from the fact that, whereas the force of 
gravitation varies as the mass of a body, the 
force of radiation pressure varies as its surface. 

Only in the case of very minute bodies, whose 
surface is very largo in proportion to their mass, 
is light pressure stronger than the pull of gravity. 
In the ease, for instance, of electrons, which are 
practically all surface, light pressure will bo 
stronger than gravity ; and it is believed that 
electrons emitted from the glowing carbon of 
the photosphere of the sun are driven jome 
ninety-three million miles across space from the 
sun to the earth. The electrons are charged with 
negative electricity, the sun with positive 
electricity, so that light pressure has to contend 
against both the gravitational and electrical 
pull of the sun, but there is no doubt that in 
the case of such small bodies the fight pressure 
must prevail. When the sun blazes up and the 
sunspots enlarge, then light pressure becomes 
correspondingly more potent, and the electrons 
are hurled most vigorously across space, but 
at all times probably they are driven along by 
light pressure. 0. W. SALEEBY 
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Various Forms and Qualitlos of Bricks. Varieties of Brick- 
work. Composition and Mixing of Mortars. Gauged Work. 

BRICKLAYING MATERIALS 

T he manufacture of bricks has been descrilied, are masses of brick which have become fused 
but it must be understood that the qualities together during burning ; they an? found 

of brick produced by burning show very great generally near the live holes, where the heat of 

variations, depending largely not only on the the clamp is excessive ; they are unsuiUnj for 

nature of the earth from which the brick is ordinary building operations, but are employed 

made, but also on the manner of moulding and in rockeries, or they may be broken up for use 
burning them. As a rule, bricks burnt in a in concrete. 

clamp show greater differences between the ^st Machine-moulded Bricks. The ma- 
and worst brick produced than do those burnt jority of machine- moulded bricks are burnt in 

in a kiln. kilns, and the quality of bricks produced at 

Bricks moulded in. a plastic state are more each burning is much more nearly uniform than 

liable to damage after moulding than those in the case of clamps ; but there are very many 

moulded dry. The manufacture of the latter- varieties in this class of bricks produced, due in 

requires very powerful machinery, and such a large* measure to the chemical composition of 

bricks are, os a rule, denser, heavier, stronger, the clays of which they are composed, and to 
and have truer and more uniform edges than variations in manufacturing processes. The 

those moulded when plastic ; they also exhibit local varieties are very numerous. Some of the 

a much smaller range in quality and colour. bricks in most general use are the following. 

Malm Bricks. Malm bricks burnt in a OauU bricks are burnt from the Gault clays in 
clamp will result in bricks practically perfect kilns ; the best are hard and white, and arc 
in shape and of an even texture and colour. usually perforated with circular holes, running 

Such are known as cutters. They stand at the vertically through the brick with a view to 

top of the scale of quality, and are used for reducing their weight. 

rubbed and gauged work 120 and 22]. The next Suffolk bricks are a variety of Gault brick of a 
quality is known as seconds ; they are suitable very pale yellow colour, and are known as whiU^ 

for the best hieing work. Shippers are bricks bricks; they are dense and heavy, and expensive, 

well burnt and hard, but not of perfect shape. and are often used for facings. 

They derive their name from having been largely Fareham bricks are of a bright red colour 
exported in ships as ballast. varying in tone, and are much used as a facing 

Stocks. Stocks are also sound and hard, but brick,, and the best qualities of them for 

inferior in form ; the majority of bricks in a clamp rubbers. 

are of this quality, and are in common use for all Fleitons are bricks made in the Midlands. They 
ordinary work. Where the outer face of brick- are very heavy, dense, and true to form, and 

work is required to present a particularly good work constructed with them will carry heavy 

appearance, free from any great irregularities loads. They are not of a very good colour, and 

in colour, the bricks used to form the surface the surface of the brick is smooth. For walls that 

should bo picked out from the general mass for are to be plastered these bricks are sometimes 

evenness of colour and good form, or seconds moulded with dovetailed grooves [2] to give a 

may be employed for very good face work. All better key for the plaster than the smooth brick 

the above classes of bricks, some of which have surface affords. For internal walls left unplas- 

further subdivisions, are sound and reliable, and tered they oft’er a very true and even surface 

are classed according to the regularity of their for the application of distemper or whitew’ash ; 

form and evenness of colour when burnt. They they are sometimes marked with bands nearly 

are available for all classes of ordinary building black in colour, due to variation in burning, 

and for either external or internal walls. The Staffordshire Bricks. Staffordshire 
prevailing colour is a bright, rich yellow. bricks are made from a very dense clay ; they 

Inferior Bricks. The remaining bricks are extremely hard, dense, almost non-porous, 

tobedesoribedareof a distinctly inferior quality, and of a very dark blue colour, verging some- 

and their use is restricted to internal walls in times on black. They will carry very great loads, 

inferior work. Grizzles are bricks to which air and are used for brick piers carrying concen- 

hos hod access during burning, and are of a - trated weights, and for railway and other 
greyish colour. Place bricks are bricks which engineering work ; the surface will also stand 

are not thoroughly burnt and tjie surface of much wear, and they are often employed, where 

which is not vitrified ; they are porous, weak, their colomr is not an objection, in the walls of 

and usually /)f a pinkish colour. Chuffs are passages and gateways subject to much traffic, 

bricks that have been acted upon by rain during Being non-porous, they are also much used for 

burning, or have not been efficiently dried ; copings to walls, and in the form of paving 

they are soft, and liable to disintegrate, and bricks for yards and stables, and for such pur- 

their employment should be prohibited. Burrs poses are moulded in a great variety of forms. 

INCLUDlNa CARPENTRY, WOOD-WORKING, PLUMBING, AND CABINET-MAKING 
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Clinkers. Clinkers aro small, hard bricks 
burnt at a high temperature, with a smooth, 
vitrified surface. For paving, the edges are 
generally chamfered, forming a V-shaped joint 
when laid ; they are also employed in forming 
kerbs and channelling. 

Fire-bricks. Fire-bricks offer great resist- 
ance to heat, and are used for setting stoves and 
boilers and in any position where such qualities 
are required. The Dinas fire-brick, which is 
extremely refractory, may be used for lining re- 
generative furnaces, and in other situations 
where exposed to intense heat. 

Glazed Bricks. i^aU glazed bricks have 
the surface covered with a thin transparent 
giazo, caused by introducing salt into the kiln 
during burning, the sodium combining with 
silica in the clay to produce the glazed surface. 

Glazed or enamelled bricks have the surface 
covered with an opaque glaze or enamel, cither 
white or of various colours : such bricks cannot 
be easily cut or rubbed and are made in a 
variety of forms for special positions. The glaze 
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is produced by dipping the 
brick into a dip formed of 
finely-worked superior clay, 
with which the colouring 
material is incorporated, and 
then burning in a kiln. It is 
more liable to chip than salt 
glazing, and is more costly. 

Qualities of Good 
Bricks. It is not possible 
to supply an exhaustive list 
of the various bricks manu- 
factured, but after a little 
experience of well - known 
types of brick it should not 
bo difficult to determine, in 
most cases, if any given class 
of brick is likely to be re- 
liable. The following charac- 
teristics should be sought for 
in any class of bricks to be 
used in building. 

Size. This should be uni- 
form. If bricks vary much 
in size, very uneven work 
results. The bricks used in 
London average about 8 75 in. 
by 4*25 in. by 2*75 in. [1], but 
many classes of bricks are 
considerably larger, and some 
are made smaller. 

Shape. The faces should 
be square, and tho arrises 
fairly true and not twisted. 

Absokptiox. This should 
not be excessive, and should 
not exceed 20 per cent. A 
brick should not absorb water 
very readily, but should give it 
off freely. An ordinary brick 
will ofUm absorb about one- 
sixth of its weight of water, 
but a highly vitrified one not 
more than one -fifteenth, and 
some even less. Absorption 
may bo tested by weighing a brick when 
thoroughly dry, completely immersing it in 
water till saturated, ancf then re- weighing 
it after any surface water has been drained off. 
The difference in the weights represents the 
amount of water absorbed. The tendency 
to absorb water readily or reluctantly may 
Ik) tested by standing a brick half-immersed 
in water, and noting to what extent the water 
is absorbed by the upper half. 

Uniformity in Burning. This canlbe ob- 
served when a brick is broken across ; the colour 
in section will often differ from the colour of tho 
face, but even burning should result in a uniform 
character and^ texture, and should show slight 
vitrification. The brick, when broken, should be 
free from cracks and other flaws, and from stones. 

Ring. A well-burnt brick struck against 
another, or with a bricklayer’s trowel, should 
give a sharp metallic ring. 

Colour. Where bricks are to be used in tho 
face of a wall, the colour is of importance, but 
is entirely a matter of taste. For any work, the 




colour having been selected^ samples of bricks 
should be approved and la^Ued, showing the 
extreme limit of variation in colour or shade from 
the standard sample that will be accepted. It 
may be noted here that the general character of 
the colour of any piece of brickwork is materially 
affected by the colour of the mortar used in 
pointing the joints. 

Judging BricKs by Appearance. 

The appearance of the brick will, as a rule, 
indicate the process by which it has been 
moulded. Hand-mouldi bricks have a frog [1] 
on one side ; the edges are, as a rule, not quite 
uniform or even, and the surfaces are somewhat 
rough. Wire-cut bricks are without frogr . and the 
top and bottom beds generally exhibit traces of 
the dragging action of the wires by which they 
have been cut. Machine-moulded bricks have 
sharp clean arrises, smooth surfaces, sharply - 
marked frog, with a trade-mark or maker’s name, 
and sometimes a frog on both sides. Some kiln- 
burnt bricks are marked with dark bars, caused 
by the method of stacking the bricks in layers or 
rows at short distances apart, 
these bars representing the 
parts that have been in 
actual contact. 

Special BricKs. Special 
forms of bricks arc sometimes 
rcijuired in addition to the 
bricks of ordinary dimensions 
which have been described. 

It is possible to make bricks 
of any desired pattern and 
size within certain limits. 

Many manufacturers keep 
stocks of various moulds for 
special bricks, from which 
liricks can be supplied with 
due notice. Special shapes 
of bricks in frequent use are 
ofUm stocked. It is also 
possible to have bricks 
sj^ecially moulded to suit 
any required situation, but 
their manufacture involves 
delay and some extra ex- 
pense ; where a large quantity 
of bricks of any particular 
form are required, it proves, 
however, more economical 
and satisfactory than cutting 
bricks to the required form. 

This is especially the case 
with glazed bricks. For 
certain work, especially that 
with delicate mouldings, rub- 
bing gives much more satis- 
factory results than moulding. 

Of stock forms of bricks, the 
varieties that can be readily 
obtained, as ^ rule, are splits^ 
bricks of ordinary length and 
breadth, but of less thickness. 

Spiayed bricks [13] are those 
having a chamfer worked 
on one edge, made with splays 
of various sizes, Bullnose bricks 
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[8 and 4] are those having one angle rounded or 
circular, on plan, the circle being usually struck 
with a 21 in. radius. Double bullnose bricks are 
also made, having two rounded angles. Stops 
[4, 12] for bullnoses and splays are made in 
various shapes when the surface is required to be 
brought back to a rectangular form. Angle, or 
mitred bricks [15] for dealing with such forms at 
angles, are also made, and are more satisfactory 
than cutting the bricks to mitre. 

Moulded bricks for plinths [13], strings [14], 
sills [22], moulded ribs [18], cornices [«]. 
copings [17], mouldings for window jambs [22], 
sunk panels [18], and similar purposes, arc 
made in groat variety. Different manufac- 
turers make and stock different sections, and 
some makers include plain and enriched bricks 
of voussoir [21] shape for arches of different 
radii, including enriched voussoirs. All such 
bricks are carefully arranged to bond with ordi- 
nary brickwork, and include, as a rule, all 
returns, mitres, stops, etc., that are usually 
required. 
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Enrichments [18] of various forms, including 
anels, may be moulded in brick earth and 
urnt, and an inexpensive form of enrichment 
is thus obtained, but it is inferior in effect 
to good carved brickwork. 

Gained Work [20 and 22] is a term applied 
to brickwork for which the bricks are cut or 
rubbed to exact sizes. When the bricks are 
cut the term axed work is used, and this treat- 
ment is employed when the bricks are of a 
hard texture and very fine close joints are not 
required. When the bricks are rubbed the 
work is described as rubbed and gauged. These 
bricks are used for the highest class of work, 
and are set with a very lino true putty joint, 
to be described later. 

Axed WorR. The tools used in axed 
work are the tin saw [24], with which, after the 
outline is marked, the required shape is cut in 
for about \ in. ; the holster [25], a short broad 
chisel: and a club hammer [26], by means of 


which the superfluous brick is knocked off ; 
a chopping block [80], consisting of two blocks 
of wood secured to a base, so as to form an 
angle in which the brick can be placed for 
cutting ; a bricklayer’s axe, or scutch [27], 
consisting of a stock in which a blade about 
1 in. broad and sharpened at both ends is 
fixed by means of a wedge. 

A template of the exact size to which the 
brick is to be out is prepared and placed on the 
external face of the brick — that is, usually, of 
course, the narrow, not the broader, surface 
of the brick — and the outline is marked on the 
brick and cut in with a tin saw. The position 
of the cuts are squared across with a square [86] 
at the ends, and the back is similarly marked 
and cut ; the superfluous brick is then knocked 
off with the bolster and hammer, the brick 
is placed in the chopping block, and the axe or 
scutch used lo smooth the sides, which must 
be carefully done, so as to ensure that they are 
true and do not project. 
The object of using the tin 
saw to cut in the outline is 
to ensure a clean, sharp arris. 
This class of work is chiefly 
\i8ed for shaping the bricks 
to be used in segmental and 
flat arches. Cutting mould- 
ings is costly, and when re- 
quired to be introduced when^ 
hard facing bricks are used, 
purpose or stock - moulded 
bricks are generally employed. 

Rubbed and Gauged 
Work. For rubbed and 
gauged work the bricks em- 
ployed are the rubbers al- 
ready described, which arc 
somewhat soft, and are made 
extra large, so that when 
rubbed to the required gauge 
and set with a tine putty 
joint they will bond with 
ordinary bricks sot in mortar. 
Different tools are used for 
producing this work. The 
saw [28] consists of a frame- 
saw, and the blade is formed 
of two wires of soft stoel or 
malleable iron twisted to- 
gether and strained. This is 
used for cutting the bricks 
to the required shape. The 
rubbing stone [36] is a slab 
of York stone, gritty, and 
usually circular, and some 
smaller pieces of stone are 
required for finishing small 
surfaces, and flat and circular 
files are also employed. A 
surfacing table [87], or s)ab, is 
required, on which the worked 
bricks can be set up to test 
the accuracy of their cutting. 
Moulds [31] are also required 
in whicn the brick can be 
cut. These are formed of 
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. consist of a base and of 
A cut to the profile of the re- 
/riok, but a little full. They 
lened with brackets, and the 
ysurfaces covered with strips of 
/ao that they are protected from 
ligo when the saw-blade works 
p^r them. 

„^This class of work is used for plain 
/walling, which is the simplest work, 

" and for straight mouldings ; also for 
circular work, either plain or moulded, 
and for what is known as circle on 
circle work, in which a double cur- 
vature occurs. 

In working a brick for plain work a 
beginning is made with one broad 
surface. This is rubbed on the rub- 
bing stone with a sweeping motion 
till perfectly true ; next one edge is 
similarly worked, so that it is perfectly 
true, and is tested with a square to 
ensure that it is at right angles to the 
face first finished. It is then placed 
in a mould of the size required to give 
it the necessary thickness, tightly 
wedged, and the upper part is re- 
moved with a saw ; and by the use 
of similar moulds the width and 
length may also be reduced to exact 
dimensions, and the sawn surfaces are 
afterwards rubbed or finished with a 
hand-stone or file. For moulded 
work, or for eiroular work, the wood 
moulds are prepared of the necessary 
form, and the process is similar thougn 
not quite so simple. 

Rough Cutting. We have now 
considered the manufacture of various 



forms of brick, most of which the bricklayer is able 
to lay just as they arc delivered on the scaffold, 
and we have also described the careful prepara- 
tion of bricks for special situations by different 
processes, which are all covered by the genend 
term fair-cuttiwj. Such bricks are not prepared 
on the scaffold by the bricklayer, but in a shed, 
and are sent to the scaffold ready for fixing. 

For many situations, however, some cutting 
on the scaffold is necessary, and this is generally 
termed rottgh evUing. It includes the rough 
shaping of bricks by the bricklayer’s trow'cl 
to suit special positions, the cutting off of 
angles of brickwork with a hammer and chisel 
before plastering, and the cutting of perforations 
and chases, and generally such work as does 
not involve forming a carefully finished face to 
the cut surface. 

Uniting Brick to Brick. All walls 
or other structures built up of a number of 
blocks of materials of moderate size compared 
to the total mass, require that some means 
be taken to ^secure the combination of the 
component parts into a solid structure. 
In very favourable circumstances, where the 
indi^duaV klooks are comparatively large and 
finely wrought) friction by itself may suffice, 
M in some of the old Greek buildings. But, 
even when suoh materials were used, ties of 


bronze uerj largely utilised for uniting adjacent 
blocks and cour.ses. Such work involves much 
labour in preparing the stones with true beds 
and joints, and in fitting in the ties. 

Where the blocks are comparatively small, 
such a system is not practicable, and the usual 
practice has been, and still is, to fit them together 
with the help of some material that will bind 
them together. I’here is this further advantage 
in the use of such material, that it is not necessary 
to prepare the beds and joints with the same 
scrupulous care as when they are to come into 
actual contact, when perfectly true beds are 
required to secure an even bearing. The materials 
in general use for this purpose are all of them 
applied in a soft condition, and allow for slight 
irregularities in the adjacent surfaces, and the 
extent to which such irregularities exist will 
determine the thickness of the material used in 
the joint. For example, when bricks are used 
as delivered on a building, if they are placed one 
upon the other it will be noted that any two 
surfaces, as a rule, are not in contact all over, 
and in practice it is usual to form a bed or joint 
of about J in. thick. If, for any reason, a very 
fine joint be required, the bricks have to be pre- 
pared by rubbing the adjacent surfaces till they 
are quite true. Much the same is true of stone 
walling. If small atonea be used with rough 
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surfaces, thick joints are necessary, and if a fine 
joint be required, the surfaces must be carefully 
prepared. 

Mortar for Brickwork. The material used 
for forming these joints between the hard blocks 
of material is usually described as mortar or 
•jpMy. Bitumen has been employed in countries 
where it is found, but is not a cementing material 
in Ordinary use. Mortar varies considerably in 
its nature and properties, according to the ingre- 
dients of which it is composed. The word 
usually implies a material composed of a fine 
aggregate [see page 886], such as sand, and of 
.some form of lime as a matrix [see page 880]. 
Cement mortar, often referred to briefly as 
cemerU, consists of a similar aggregate mixed 
with Portland cement, or some other cement. It 
is a material similar to concrete, but requires 
a very much finer aggregate. 

Mortar Aggregate. The aggregate for 
mortar is usually sand, which may be pit sand 
or river sand, and is required to be clean, sharp, 
free from all animal and vegetable impurities, and 
from loam or salt. If necessary, it must be wash^'d, 
as described for use in Conchete [page 881]. 
If the sand be mixed with gravel or stones, it may 
be screened. This is done by erecting near the 
heap an oblong frame of wood, filled in with a 
series of stout wires running vertically. For 
ordinary mortar, these are usually J in. diameter, 
with throe wires and three spaces to 1 in. ; 
stronger horizontal wires occur at short intervals. 
The frame is fixed in an inclined position ; the 
material to be screened is taken from the heap in 
a shovel and thrown against the face of the 
screen ; the finer particles, forming sand, pass 
between the wire.s and fall behind the screen; 
the larger particles and stones run dow'ii the face 
of the screen, and are reserved for concrete. 

Various substitutes may be employed if 
sand cannot be obtained, or may be used as 
a portion of the aggregate, provided the par- 
ticles are sharp, clean, and durable. The most 
usual substitutes are crushed sandstone, crushed 
pottery, or crushed brick, but the bricks for such 
purposes must be thoroughly burnt, hard, and 
vitrified, and, if old bricks are used, should lie 
cleansed of any old plaster adhering to them. 
Fine ashes often make a very satisfactory 
mortar, but give it a dark colour. 

Qualities in Mortar Aggregates. 

Whatever the aggregate employed, it must be 
clean ; particularly it must be free from salt, 
which would cause dampness and efflorescence 
in the mortar, and from loam or clay, which 
would prevent the matrix adhering to the 
particles. The presence of loam may be detected 
by rubbing a small quantity in the fingers when 
it is damp. If loam bo present, the clay will be 
rubbed off, and remain as a slightly sticky 
yellowish substance on the fingers. The only 
means of getting rid of such matter is by washing 
as already described. 

The sharpness, which is also essential, may be 
detected by employing a magnifying glass, when 
the grains should appear irregular and angular, 
not rounded and smooth. Sharp sand, if rubbed 
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between the fingers close to the ear, w, , ^ 

sharp grating sound. » 

Quality of Lime for Mortal^. 

matrix selected depends largely upon tli^? 
pose for which the mortar i.s required, ai? 
strength expected in the walling. A pure 
lime should never be used in making mor°'?^ 
except for temporary work, where no streng 
is required ; such lime can set only by th^. 
absorption of carbonic acid from the air, which 
never reaches the inner portions of a bed of 
mortar, and in consequence this never sets. A 
feebly hydraulic lime, such as the greystone 
lime burnt in the neighbourhood of Hallinfir, 
Dorking, or Merstham, may be used for ordinary 
building work in which no groat strength is 
required to be developed, but is not suitable for 
footings in damp situations. Blue lias lim?, 
which possesses considerably higher hydraulicity, 
is used for building of a good class, and may be 
utilised even for foundations in damp situations. 
The most eminently hydraulic are Aberth.aw and 
Halkin Mountain lime, but where an eminently 
hydraulic material, or one possessing great 
strength is required, Portland cement is usually 
specified. Other cements, such as Roman, are 
confined, as a rule, to rendering or covering walls 
externally. 

Composition of Mortar. Tho sand 
in mortar is employed partly for reasons of 
economy ; it also serves to lengthen tho time 
within 'which setting takes place, and renders 
the material easier to use ; but it diminishes the 
strength of the resulting mortar, and tho 
proportion in which it is employed is, therefore, 
regulated by these considerations. The pro- 
portions of aggregate and matrix usually 
employed are tlu^ following : 

1 part of feebly hydraulic lime, 2-3 parts 
aggregate ; 1 part eminently hydraulic lime, 

3-4 parts aggregate ; 1 jjart Portland cement, 
2-3 parts aggregate. 

Portland cement is usually mixed with a 
comparatively small proportion of aggrogvite. 
Its strength is greatly reduced if a large pro- 
portion of aggregate be employed, and as 
cement is, as a rule, employed mainly where 
considerable strength is essential, it is important 
that it should not be seriously impaired. 

Experiments by Grant showed the results 
given in the following table : 

1 part P.C. -t 1 part sand = 75 per cent, of neat 

Portland cement. 

1 »> »» -f- 2 ,, ~ 50 ,, ,, y, 

1 >» «» 4-3 ,, y, -- 33 yy ,y ,, 

1 >» »» 4-4 ,y y, — 25 ,, ,, 

I ff tf ,, t* ~~ 17 ,, ,, ,, 

They also demonstrated that it takes a much 
longer time for the cement mortar to attain its 
ultimate strength when a large proportion of 
aggregate is employed. 

The methods of slaking limes and cements for 
using in mortar have f^eady been described, 
and the nature of the setting, but the method 
of mixing may be briefly referred to.^ 

The Mixing of Mortar. Much will 
depend on the amount of mortar required daily. 
If this be small the mixing will be done by hand, 



^go works a mortar mill is often used, 
ise of a mortar which sets slowly there 
eat harm in mixing up more mortar than 
> used in a single day ; but in the case of 
;s made with eminently hydraulic limes 
Icements this must on no account be 

pwed. JVhere a quick - setting cement is 
pQiXcd witn a small amount of sand, it must be 
{)ir.ade fresh and used up before setting begins, 
^..n any case, mortar cement that has once set 
should not be allowed to bo “ knocked 
up again ” — that is, mixed with a further supply 
of water till it is soft and then employed as 
mortar. This is a practice that is often indulged 
in and even supported, but should not be allowed, 
for such mortar or cement may reset, but it will 
never attain the strength that freshly- made 
mortar would do. 

Working up by Hand. In working 
up by hand it is usual, if the lime bo in lump, 
to measure out the amount of sand and lime 
required, to form a roughly circular ring of 
the sand, or other aggregate, to place the lime 
within it, to sprinkle it with water, and to 
leave it till sluing has taken place. When 
this is complete more water is added, the sand 
from the ring is gradually worked into ^ the 
centre with a 8i3ade or shovel, and incorporated 
with the lime by means of a larry [32], which 
resembles a large hoe with a long handle, and 
with a hole formed in the blade. With the 
larry the mortar is worked over till all the 
sand is incorporated and thoroughly mixed. 
Mortar *80 made is often kept for a day or two 
before use to ensure that the lime is thoroughly 
slaked, but this method only applies, as a rule, 
to pure and feebly hydraulic limes; the more 
eminently hydraulic limes and cements are 
usually ground. 

Transporting Mortar. With ground 
limes and cements the proper proportions of 
aggregate and matrix are usually mixed dry, 
the necessary water added, and the whole 
intimately mixed, and convoyed as soon as 
possible to the scaffold for the bricklayers’ 
use. This may bo done in hods [29], which are 
made of such a size that they can also be ustxl 
for carrying bricks, and arc filled and carried 
by labourers to the point of use and tipped out 
on to mortar hoards^ boards about 30 in. square, 
from which the bricklayer picks the material 
up with his trowel [23], in building the wall on 
which he is working. In larger works it may 
be put into barrows or baskets or pails, and 
hoisted to the scaffold ; in such cases the mortar 
is usually mixed as close as possible to the 
bottom of the hoist. 

The Mortar Mill. Where a largo and 
re^lar supply of mortar is required, a mortal 
mill is best employed; but this requires an 
engine or motor to drive it in most cases, though 
smaller mills worked by hand or by a horse 
have been used. 

The mill used for mixing mortar consists of a 
circular iron pan from live to ton feet in diameter 
which revolves round a central pillar by means of 
ihaohineiy unlier two heavy rollers weighing to- 
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gether from one to three tons, and iron plates are 
used to direct the mortar, during mixing, under 
the rollers. Lime in lumps must bo previously 
slaked. The ingredients are fed into the pan 
in their correct proportions, including a proper 
quantity of water, and are intimately mixed 
by the rollers. Where the aggregate requires 
to be crushed before use — as, for example, in the 
case of old brick, stone, pottery, etc. — the 
crushing should bo performed by the rollers 
before the other ingredients are added. 

Setting Gauged Work. Where rubbed 
and gauged work is employed it is not usual or 
possible to set it in ordinary mortar, which 
would bo too coarse for the fine joints that are 
required in this class of work, but it is tnistomary 
to set all such work that is accurately finishe j 
before sotting in pure lime putty. This is slaked 
and nm into a bin, and kept moist till required 
for use, and is then worked up into a consistency 
resembling cream ; the brick to bo set has the 
surface dipped into the putty, and is then placed 
into position, and gently driven against the 
next brick. When this brick is set the putty 
should fill the joint and stand slightly in front 
of the general face like a small b?ad, which is 
afterwards cleaned off, and there should bo no 
gaps, or cavities apparent on the face of the thin 
mortar- bed, which is usually not more than in. 
in thickness. 

The joint being so fine, the use of lime without 
sand is permissible ; but with thicker joints it 
would bo undesirable, apart from the question 
of cost. Lime tends to contract 'somow'hat during 
the process of setting, and it is partly on this 
ground that it is usual and desirable to add a 
fairly largo proportion of sand or other in- 
compressible aggregate in making lime mortar. 
Were this not done, in a lofty wall the loss of 
thickness in a great numlK*r of mortar joints 
would bo very marked, and even with the 
usual proportion of sand there is a quite 
appreciable reduction in the height of brick- 
work laid in lime mortar during the process 
of setting. 

Setting Gauged Work for Carving. 

A bed of lime putty never attains great hardness 
or strength, and is not suitable for use where 
the surface of the brick has afterw\ar(ls to be 
cut away, as it must bo when brickwork has to be 
carved. For such work it is usual to employ a 
mixture of white lead and shellac in forming 
the joints, and this, when set, allows the work 
to bo treated by the carver as though it were a 
solid mass. Such carving should not be very 
deeply cut in — certainly not to such an extent as 
to penetrate the full depth of a brick below the 
original face, and where carving exceeding about 
3 in. in projection is required it is desirable to 
construct the gauged work exclusively of 
headers. 

It is not necessary to use this material in 
oases where the work is entirely finish<xi before 
fixing, as is usually done with all moulded wmrk 
round openings, and in the case of all plain 
walling or corbelling executed in gauged work 
and not intended for carving. 
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Meanings and Colours of Plumage and Eggs. Birds as 
Lovers. Architecture of Nests. Varied Materials. 'The Cuckoo. 

COURTSHIPS AND NESTS OF BIRDS 


Protection against Cold. It is im- 

rtant that the body of an aquatic bird should 
protected against chilling, which is all the 
more necessary because the temperature of the 
blood is higher than in any other animals. This 
is effected in two ways. There is a good deal of 
fat below the skin, which plays the same part as 
the blubber of seals and whales. And, besides 
this, there is an oil gland under the skin on the 
upper side of the tail. By means of the beak the 
oil is applied to the plumage, which, therefore, 
never really gets wot. It may also be added 
that the large amount of air entangled in the 
feathers prevents the escape of heat from the 
body, and this applies to birds in general, not 
merely to aquatic one.s. 

Protective Colouration. The colours of 
birds can be referred to the same classes as those 
of mammals already described. 

Protective colouration is exemplified by many 
eggs which arc exposed to view, by most young 
birds which run from the egg, and by a large 
number of adult birds of both sexes. The last 
is more particularly true concerning female birds, 
which are very often inconspicuous or even 
dowdy in appearance, their preservation being 
more important for the species than that of the 
more volatile males, which do not as a rule play 
so iinportant a i)art in the roaring of the young. 

Aggressive Colouration. Aggressive 
colouration is seen in some of the birds of prey, 
which harmonise in appearance with their sur- 
roundings, and are therefore not so likely to be 
perceived by their intended victims. Tliis, how- 
ever, is not so important as in mammals, for 
such forms mostly rely upon sudden and rapid 
flight for securing their meals. Beautiful court- 
ship colours are often to be noticed, generally 
in the male. Warning colouration, advertising 
powers of defence, is exemplified by some of the 
noisy and quarrelsome friar-birds of the East 
Indies, and these serve as models to certain in- 
offensive orioles, which unconsciously mimic 
them, and thereby are able to exist in compara- 
tive peace and quietness. Black and white recog- 
nition markings, ag in the case of antelopes, are 
to bo found in many of the plovers, and probably 
enable members of the same species to know 
one another at first sight. The jewel-liko tints of 
humming-birds perhaps have this significance. 

Courtship of Birds. It is only natural 
that the tender passion, which quickens the 
sluggish pulses even of cold-blooded amphibians 
and fishes, should stir to its profoundest depths 
the restless • bird-nature. The coy female is 
courted by devices of the most varied nature. 
It may be that the male is aided by colours of 
the most resplendent kind, of which extreme 


cases are afforded by the bravery of the cock- 
pheasant and the wonderful tail-feathers of the 
peacock. Even the familiar inhabitants of the 
farmyard illustrate the same phenomenon, as 
may be seen in the turkey. Sometimes there is 
no great difference in the external appearance 
of the sexes, as in swans. 

Dance and Song. There are a number 
of birds the brightly coloured or otherwise de- 
corated males among whom execute strange 
love antics and amatory dances, not without 
their effect on the opposite sex. In many forms 
comparatively dull plumage is fully compensated 
for by the possession of powers of song, and such 
love-di(tics constitute for us one of the subtlest 
charms of returning spring. As among many 
mammals, the males arc particularly combative 
during the spring, especially in species which are 
of polygamous habit. A good example is found 
in a bird of the plover kind, the ruff (Machetes 
pugnax), in which tho cock-bird grows a beaut iful 
feather frill round his neck at the pairing time. 

A Female Wooer. It sometimes happens 
that tho rules of courtship are revers<5d, the hen, 
in this case tho more brilliantly coloureil, playing 
the active part, and paying her suit to the 
retiring male. A kind of plover, the dotterel 
(Endroinias morineMus), illustrates this highly 
indecorous — or, shall wo say, “advanced” ?— 
procedure. 

Nesting Habits of Birds. The mound- 
builders and their allies (Megapodes), native to 
the hotter parts of Australia and tho islands 
to the north of that continent, resemble reptiles 
in the fact that they do not incubate or sit 
u})on their eggs and hatch them out by tho 
heat of their bodies. Some of them simi)ly 
deposit the eggs in hot sand, while others, 
such as the brush-** turkey ” (Talcgallus)y de- 
posit them in a huge mound of dead leaves 
and other vegetable matter, the decay of which 
generates a sufficient amout of heat for the 
purpose. Tho young, when hatched out, are in 
a very advanced state, and quite capable of 
looking after themselves, a.s is necessary, con- 
sidering that the parents do not trouble their 
heads about them. The forms in question 
appear to bo the loa.st highly organised members 
of the group of game-birds. 

Care of Eggs and Young. All other 
birds incubate their eggs, and take more or less 
care of their young. Even the much- maligned 
African ostrich takes some pains in this direction. 
A number of females scrape out a hole iii the 
sand, and the necessary heat is supplied by the 
sun during the day, and tho cock-bird at night. 

It may be remarked in general that eggs which 
are simply laid on the ground, or in a more or 
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l(?ss careless nest in this position, are. protectively 
coloured, and often very *diffic^lt'£o detect oii 
that account. The younjg run from the egg, 
and are also protectivel}’^ coloured. In’ ctises 
where the nests are cunningly hidden, or situated 
in inaccessible places, the young are helpless 
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nestlings. Here, too, as a rule, but not always, 
exposed eggs are protectively coloured, while 
those comparatively hidden from sight are 
generally white or pale in hue. 

The Protective Colour of Eggs. The 
colours of eggs, however, still require a great 
deal of investigation ; and if many amateurs 
who at present are merely egg-collectors would 
seriously turn their atfontion to tho relations of 
.colour to surroundings, their labours would in all 
probabilit}^ be amply rewarded. Home of our 
natural history societies are doing good w^ork 
in explaining the meaning of structure, form, 
and colour with reference to habit in various 
animal groups, and if all \voukl combine to 
this end muph might be accomplished. Simile 
naming and collecting are waste of time, except 
as a preliminary to serious research of the kind 
indicated, or with reference to distribution and 
general questions of this nature. The student 
will find our natural history museums, now 
established in most towns, of the greatest value 
and assistance in his researches. 

Some of tho plovers simply lay their eggs 
amoug shingle or in stony places, and these are 
so like motthd stones as to deceive all but very 
experienced observers. The chicks have an 
interesting habit of squatting when alarmed, 
when they become quite as inconspicuous as the 
eggs. All those who take a special interest in 
the nesting habits of birds, and have the oppor- 
tunity, should carefully examine the splendid 
collection of eggs and nests in natural surround- 
ings contained in the Natural History Museum at 
South Kensington, an institution which in this 
and many other directions illustrates tho romance 
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of science in an unusually striking manner, tte 
common sandpiper {Totanua hypolemus) con- 
structs a careless nest, containing four protec- 
tively coloured eggs, in the neighbourhood of 
gravelly streams. The . black- headed gull con- 
structs a rough nest with three eggs. 

Materials and Positions of Nests. 
The yellow-hammer constructs a hair -lined 
nest on or near the ground, while that of the 
blackbird is lined with grass, and usually to be 
found in hedges a few feet above tho pound. 
The hedge-sparrow lays her clutch of bluish eggs 
in a cup-shaped mossy nest, lined with hair and 
down, and placed in the recesses of a hedge. 

Tho nest of the greenfinch, constructed of 
twigs and wool, and lined with hair, is to be 
found in high hedges. That of the garden- 
warbler is to bo seen among bushes in gardens, 
and is constructed of grass, lined with liner 
materials of a similar kind. In small trees 
and bushes, near opem spaces, may bo dis- 
covered the nc'sts of linnet and lesser redpoll. 
Tho former is made of twigs and moss, lined 
with wool, hair, or feathers, and the latter of 
twigs and gra'^s, lined with down. 

The beautiful, hair-lined, mossy nest of the 
sedge-warbler {Arrocephalua phragmite.fi) is lined 
with hair, and either actually suspended among 
sedges or built in bushes adjoining the wat<‘r. 
Another typo is presented by the nest of tho 
song-thnish, generally placed in hedges, and 
lined with mud. The plaster lining is made 
smooth by the bird turning round and round in 
the nest, using her breast as a trowel. 

Well-built Nests. A distinct archi- 
tectural advance is soon in tho tree-nest of the 
chaffinch, exquisitely made of moss, lichen, and 
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fibre, lined with hair and down. In this, and 
many other elaborately woven homes, the sticky 
saliva is used as a cement. From such a case 
we may pass to such a beautiful domed nest as 
that of the long- tailed tit [Acrediila cavdaM* 
where a roof is added to the oup-shaped base. 
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Sonio of our birds of prey build stick-nests 
with a softer lining, and a careless structure of 
similar kind is constructed by the wood-pigeqn, 
the white eggs of which may be clearly scon 
from below through the interstices. The black, 
ragged nests of the social rook are of similar 
mat ‘rial, more closely compacted together. 
Similar, too, is the nest of the magpie, commonly 
to bo found in thorn-bushes, for greater security. 

Communal Homesteads. The picuculos, 
or troc-creepers, of South America build nests 
of the most varied kind, among which are those 
of the oven-bird {Furnarins). These are of 
clay mixed with fibre, and a sort of ante- 
chamber loads to an inner compartment, where 
the eggs are laid upon a layer of grass. Much 
more remarkable than these, and probably the 
most extraordinary outcome of bird architecture, 
are the communal grass nests of the soci- 
able grosbeak (Philhaeteriis socius) of Africa, in 
which from one to throe hundred pairs combine 
to produce a compound structure, built round 
the trunk of a tree, and covered with a common 
roof, so as to suggest a gigantic mushroom in 
appearance. 

Edible Birds’- Nests. The clay nests 
exemplified by the oven-birds suggest those of 
similar material constructed under the eaves 
of barns and the gables of houses by the house- 
martin, and shaped like half a saucer. The 
clay pellets arc cemented together by saliva. 
Similar in shape arc the edible birds’-nests of 
the East, but these are entirely made of hardened 
saliva. They are constructed by swifts, and are 
highly valued by the Chinese as an article of diet. 
The Indian tailor-bird actually sews leaves 



A woodpecker’s egos in a tree-trunk 


together into a funnel-shaped nest, and the 
fan-tailed warbler stitches grass-stems together 
above its globular nest. It is even said to 
make a knot in the end of the thread. 

Some birds prefer to lay their eggs in places 
far removed from sight. ^ The sand-martin, 
for instance, digs out a tunnel in a sandbank, 
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and brings up its young at the end of this, upon 
a bed of down. Somewhat the same is true 
of the kinghsher, but here the bed is made up 
of disgorged fish-bones. 

Homes Dug Out of Trees. Wood- 
peckers excavate a cavity in the trunk of a 
tree, and lay their eggs at the bottom of this, 
while the nut-hatch uses a ready-made hollow 
for the purpose, and contracts the opening with 
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mud, leaving only just enough space to serve as 
a door. One of the most extraordinary instances 
of nesting in a hollow tree is afforded by some of 
the hombills of Africa and Asia. Here the hen- 
bird is actually built in with clay, probably 
by her mate, who at any rate feeds her with tlu 
greate.st devotion during the enforced seclusion. 

Feathered Foundlings. Wo have, 
lastly, the curious habit of brood-i)arasitism, 
exhibited by the cow-birds of South America 
and our native cuckoo, which deposit their eggs 
in the nests of other birds. These eggs are 
apparently, at least in the cuckoo, not laid in 
this situation, but carried there in the beak of 
the hen-bird. The hedge-sparrow and several 
other cf our native perchers are victimised in 
this way. An illustration on page 2462 shows a 
cuckoo’s egg in the nest of the white-throat. 
The young cuckoo develops more quickly than 
its unfortunate foster brothers and sisters, whom 
it ousts from their legitimate homo, pushing 
them over the edge of the nest to perish. In 
this inhuman proceeding it is aided b 3 ^a hollow 
between the shoulders, which later on disappears. 
The misguided foster-parents tend the unnatural 
guest with the greatest assiduity, and have hard 
work to satisfy its inordinate appetite. The in- 
telligence of birds obviously has strict limitations. 

The eggs of the cuckoo undoubtedly vaiy a 
good deal in appearance, and it has been asserted 
that they commonly resemble those of the 
particular species selected as a victim. This is, 
however, extremely doubtful. 

J. R. AINSWORTH-DAVIS 
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Electric Lamps in the Making. The Filament. Obtaining the Vacuum. Lighting 
Efficiency. The Tungsten, Tantalum, Mercury Vapour, and Other Lights. 


GLOW 

T he story of the development of the electric 
incandescent lamp is one of the romances of 
electrical engineering. For many years it was 
knoAvn that platinum wire could bo heated to 
incandescence by an electric current, but every 
attempt to utilise it in a lamp failed. By the 
year 1878 the need for a domestic lamp was 
urgent, and many experimentalists were trying 
to find a suitable material for the lamp filament. 

It was generally felt that carbon was the most 
promising substance, but the difficulties in tl\e 
way of using it seemed insuperable. At length, 
late in 1878, or early in 1879, Swan in England 
and Edison in America solved the problem 
independently at practically the same time. 
Swan made a very thin carbon filament by 
carbonising some cotton thread which had been 
previously parchmentised. Edison carbonised 
very thin strips of Japanese bamboo fibre. Both 
inventors then secured their li laments to plati- 
num leading-in wires, and placed them in glass 
bulbs, which were sealed up after all the air had 
been carefully exhausted. The success of the new 
lamp was complete, and for twenty years 
improvements in detail only were made. 

The Coming of the Metal Lamp. During 
these years great progress had been made in 
the business of public electricity supply. The 
convenience of domestic electric lighting was 
generally acknowledged. The principal objec- 
tion was its cost. And then attention was 
turned to the metal filament, of which platinum 
was the prototype. 

The cause of the failure of platinum was 
seen to be its comparatively low melting-point, 
and experiments w’ere made with the more 
infusible metals which "were not available at 
the date of the earlier experiments. The partial 
success with osmium, the better results obtained 
with tantalum, and finally the tungsten lamp 
form a record of triumph over difficulties that 
it would be hard to beat in the annals of in- 
dustrial progress. 

The Carbon Filament Lamp. Carbon 
filaments possess many of the requirements 
essential to successful electric gloAV lamps. 
These may be said to be : high fusing-point ; 
high electrical resistance ; easy manipulation, 
so that the filaments can be made into fine 
threads of uniform quality and size ; good 
efficiency, enabling a given amount of light to be 
obtained for a reasonable amount of electrical 
energy ; and great durability, so that the lamp 
may have a long life without serious deteriora- 
tion of candle power. Although in some direc- 
tions they have recently been supers^ed by 
metal lam})8, carbon filaments are still made 
and used in vast quantities. 
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LAMPS 

How Filament is Made. Following on 
the early work of Edison and Swan, many efforts 
were made to obtain more uiiifonn filaments. 
For some years manufacturing practice luis been 
crystallised into the following process : 

Best bleached cotton-wool is dissolved in a 
warm solution of zinc chloride; in water. The 
mass which results has the appearance of thick 
treacle, and must be freed from air-bubbles and 
uncoinbined water by lx;ing ]>laced in vacaium. 
It is then squirted under pressure through a glass 
nozzle, and passes into a mixture of methylated 
alcohol and hydrochloric acid. The acid removes 
all the Avater from the jelly-like thread, from 
AA'hich all trace of organic origin has thus been 
removed. This threatl contains the carbon whiidi 
is going to form the incandescent filament, but 
it is at ])resent in a stilt e Avhere the carbon is 
combined chemically Avith hydrogen and oxygen, 
and intimately mixed jihysically Avith zinc 
chloride. After three or four days it, is taken out 
of the liquid and carefully Avashed Avith Avater, 
and Avound on a cylinder to dry. 

The next process is to Avind this tlexihle thread 
upon blocks, to give to the loops the shape they 
Avill aftcrA\ard8 have in the lamp. The blocks 
are then packed tightly in boxes Avith charcoal 
dust, and the boxes containing them are sub- 
jected to a gradual and ]irolonged heating up 
to C. During the heating the cellulose is 

transformed into a shiny and extremely flexible 
black filament, Avhieh is very hard. 

Flashing the ' Filament. After being 
gauged and cut, the tilamcnts are cemented to 
platinum leading-in wires. This is usiially done 
by electrically heat ing the joint in Ixuizene, or 
a similar hj'^dnxairbon, Avitb the result that a 
deposit of carbon takes place at the point of 
contact of carbon and platinum. 

In order to make a linal adjustment of the 
resistance of the filament, ami also to thicken 
up any defective places, it is flanhed-^thai is, 
heated to bright incandescence in a jar con- 
taining coal-gas, or sometimes benzene vapour. 
The gas is decomposed in the })resence of the 
glowing filament, and a layer of solid carbon is 
deposited which is thickest at the places Avhero 
the filament is hottest— -that is, at the thin spots. 
In this Avay a uniform sectional area and resist- 
ance is secured. 

Completing the Lamp. The mounted 
Hlaihent is sealed into a glass bulb, and placi*d 
in communication with an air-pump. Usually 
about 99 per cent, of the air is taken out by a 
mechanical air-pump. The remainder is extracted 
by means of a Sprengel pump, in Avhich mercury 
is kept circulating in fine glass tubes over a 
barometric vacuum. When the process is nearly 
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complete it is necessary to warm the bulb, and 
at the same time to overrun the filament momen- 
tarily in order to expel the last traces of hydro- 
carbon vapour. The last traces of oxygen are 

now often re- 
moved by intro- 
ducing a small 
quantity of phos- 
p h o r ii 8 , This 
combines chemi- 
cally with the 
oxygen, and at 
the same time 
forms a white 
smoke, which 
helps to sweep 
out any other gas 
from the bulb. 
As soon as the vacuum is complete the bulb is 
sealed up, and after capping and marking is 
ready for use. 
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Voltage, Candle Power, and 
Efficiency. Owing to the shape of a glow- 
lamp filament, the candle power emitted at 
different angles varies within wide limits. 

Thus 204 shows the candle power of a 
lamp measured at different angles on a horizontal 
plane with both a clear and a fronted bulb. 
Lamp manufacturers use as a standard the 
mean horizontal candle power taken ao a 
mean of t^cveral readings at different angles or 
one reading taken at a mean angle. This is 
sufficient for most commercial purposes, as it 
forms a basis of comparison for different lamps. 
A more accurate comparison is to take readings 
at different angles in all directions, and so gel 
the mean spherical candle power. For slrecl- 
lighting work, it is very usual to sj)eak of the 

mean hemispheri- 
cal candle power, 
meaning the mean 
of all .the light be- 
low the horizontal 
plane of the lamp. 

'J'he efficiency of 
a lamp is the ratio 
of the total watts 
taken by the lamp 
to the candle 
power (in com- 
203. EFFICIENCY AT VARIOUS uicrce, tho mean 
VOLTAGES horizontal candle 

..... , power). This varies 

with the voltage. For instance, if a 16 candle- 
power carbon lamp consumes 3*5 watts per candle 
at 100 volts, careful tests made with other voltages 
would give the approximate results below [203]: 



Voltage at 
terminals of 
lamp. 

Candle 
Power. - 

Watts t^ken 
for cac;h 
candlc-))ower. 

80 1 

4-0 


85 

0-3 

70 

90 

8*5 

5*3 

95 

11-9 

4'24 

100 

160 

3*5 

105 

20*7 

2*9 

no 

27*2 

2*5 


Expressed 
mathematic- 
ally, this 
moans that 
the candle 
power varies 
as the sixth 
power of the 
voltage. The 
prospeots. of 


high efficiency which tho use of overrun lamps 
seems t ) promise is, however, neutralised by the 
dcteiiorating effect upon the useful life of the 
lamp, which results from over - running. AU 
carbon lamps deteriorate with use, and this 
dcteriorilion is the more rapid the higher the 
temperature at which they are used. 

The Life of an Electric Lamp. The 

life, or the time during which an electric lamp 
will burn before breaking, when used at normal 
voltage, may be anything from 1000 to 2000 
hours. During this time, however, the lamp is 
slowly losing its power and efficiency, and it 
may be advisable to discard it long before it 
would finally break. The deterioration appears 
to bo duo mainly to two causes : (1) a decrease 
hi tho conducting quality of the carbon, so that 
its, resistance goes up and its surface becomes 
less powerful in omitting light ; and (2) the few 



204. THE UlSTRinUTlON OF LIGHT iROM AN 
INCANDESCENT LAMP 

millions of molecules of gas still left in tho bulb 
after the exhauslion process, in thoir violent 
to-and-fro movements, impinge upon the white- 
hot carbon, convoy particles of it away, and 
deposit them on the surface of the bulb. The 
decrease in power and efficiency is shovm in the 
following table, from which curves in 202, are 
])lotted. The figures are compiled from experi- 
ments carried out on forty-eight 200-volt lamj)s 
of various manufactures ; 

The British 
Engineering 
Standards 
'Committee 
base their 
systems of 
rating car- 
bon lamps on 
this effect. 

They insist 
that from 
every batch 
of lamps 
pmples shall be taken which shall afterwards 
ho photometred at an angle of 45®. The lamps 
are then to be run on a constant 'voltage 
circuit, and periodically photometred. The 
useful life of the lamps is assumed to be the 
time during which, if run at constant voltage, 
the candle power does not fall more than 20 per 
cent, bdow the starting candle power. Limiting 


'J'iine of 
burnini^ in 
hours. 

Candle-power 
ut end of time. 

Watts per 
c.p. at end 
of run. 

100 

160 

3*81 

200 

16-.0 

3-98 

300 

14*3 

4* 13 

400 

13'7 

4’29 

500 

131 

4*46 

600 

12*6 

^4*00 

700 

12*2 

N*72 

800 

11-8 

4*88 

900 

11*5 

5- 00 

1000 

11*3 

5-08 
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starting efficiencies for lamps tested under these 
conditions are given. From the above con- 
siderations it will bo seen that an increase of 
voltage over the normal value has serious effects 
upon the useful life of the lamp. This is the 
case, as the following tabic shows. 

Before the introtluc- 
tioii of metal lamps 
efforts were made with 
some measure of success 
to reduce the blackening 
effect of high efficiency 
by using specially large 
bulbs. 

If, as shown above, 
the efficiency of a lamp falls with use, there 
must come a point when the increasetl cost of 
the current required for a given candle power 
exceeds the saving which could be made by 
ffsing a new lamp. This point, termetl the 
avnashing depends upon the inefficiency 

of the lamp, the cost of a new lamp, and the cost 
of current; but with electric energy at less than 
4d. per B.O.T. unit it 
comes much sooner -than 
many people think. 

Special Carbon 

Lamps. Many efforts 205. shade for 
have been made to im- distrtbvtino lusht 
prove, from an electrical 
point of view, the carbon 
ti lament. One of the most 
sncicessful had been to 
submit it to the intense 
heat of the electric furnace. 

This operation, twice re- 206. shade for con- 
peated, removes the ash centratinq light 
residue and hydrocarbon, 

and produces a much more refractory hlainent 
which is able to withstand higher temperatures 
1 ban the ord inary lilanicnt. Tins intense heat ing 
i.s also stated to cause the resistance of the 
lilament to increase as the temperature rises, 
instead of to fall as in the ordinary lamp. A 
10 candle-power, 100-volt lamp of this type has 
a consumption of only 2*8 watts per candle 
power, and an average useful life of about 
1500- hours. Under the name of “Cem ” lamps 
they are largely used in America, and to a small 
extent in this countiy. 

The Metal Lamp. Modern metal lamps 
are made of either tantalum or tungsten. Both 
are rare metals, difficult to obtain in the metallic 
state, and when obtained are very difficult to 
work. The Tantalum lamp is very largely the 
work of Dr. Werner von Bolton, of Messrs. 
Siemens & Halske, who has devoted years to 
perfecting it. 

The tantalum is made by a process which may 
be briefly described as reducing in vacuo potassio- 
tantalo-fluoride. The metal is obtained in the 
form of a bl£?ck powder, which, after being fused 
electrically, is drawn into very fine wire. Owing 
to the fusing-point of tantalum being lower than 
that of tungsten, it cannot be run at such a high 
efficiency, and usual figures for the consumption 
are 1*8 to 2 0 watts per British candle power for 



PereentAKe 
of Normal 
Voltaj^e. 

Peroentajre 

of 

Normal Life. 

100 

100 

101 

88 

102 

68 

103 

66 

104 

45 


lamps run on continuous current circuits, and 
2*0 to 2*2 watts per candle power for lamps on 
alternating currents. This difference is due to a 
peculiar action which alternating currents have 
on the molecular structure of the very fine-drawn 
tantalum wire. 


Tungsten Lamps* The metal tungsten 
was discovered in 1780 by a Swedish choinist, 
Scheele, and derives its name from two Swedish 
words meaning heavy stone. Its fusing-point 
is about 3200'’ (\, or nearly double that of 
platinum (which melts at about 1710^^ C.), and 
its specific gravity is 11)*]. Ihire tungsten 
rather volatilises than melts, and does this at 
a lcm}x^raturo equal to, if not higher than, that 
at which a (uirbon lilament disinU'grates. Till 
quite recently the metal was rare, but it is now 
commercially obtainable in the form of a black 
powder. It is very brittle, and the greatest 
difficulty has bt^cn experienced in making it into 
servicoablo filaments. 


Numerous processes are in practical use, 
many of them resulting in the production of what 
is termed a st/ girted filament. Either |3()wdcred 
tungsten or some s.alt of tung.sten is mixed with 
a binding material and pressed through a small 
orifice, forming a squirted filament. This is 
afterwards heated electrically in an atmosphere 
of hydrogen, reducing the salt to the metallic 
state. The foreign matteis in the filament are 
then volatilised, with the result that a very 
fragile, thin thread of pure tungsten is left. 
This is further heated and the metal gradually 
“ sinters,’’ or fuses together ; but owing to its 


method of manufacture it always remains very 
fragile. Great care and innumerable experi- 
ments have resulted in lamps being made with 
filaments of this type with satisfactory results. 
They withstand severe handling, and matiufae- 
^ lurers speak of 

losses in transit 
latest types 
1 lamps of only 

cent.; but 

\ / / / / A 


' 'AW 

\j breakages of t hese 

sA\- 

lamps, coupled 

5 \ \ 

with their high 

ri \ 

jk price, greatly 

2 \ \ 

/ militated against 

1 \ ' 
^ 3^ \ 

\J their extensive 

A \ 

A adoption. 


/ The discovery 

z‘‘°\ 

of methods of 

“ \ 

making tungsten 

48 \J 

wire has done 


much to popular- 

Si J 

ise these lamps. 


At first the metal 


207. LIGHT DISTRIBUTION 
FBOM SHADES IN 206 AND 206 


to make it less brittle, and then drawn into wire 
which was subsequently heated electncally m 
hydrogen gas to drive off the easier volatile 
cadmium or nickel. The General Electric 
Company of America, in conjunction with 
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their English allies the British Thomson- 
Houston Company, have now worked out a 
method of drawing pure tungsten into wire, and 
an increasing proportion of the metal lamps in 
use is made by this process. Contrary to expecta- 
tion, the exhaustion of a metal lamp has to be 
carried out more carefully than for carbon 
filament lamps. Mechanical pumps of a very 
special character, capable of giving a vacuum of 
0 ()0()01 mm., are used, and every care is taken to 
obtain the most perfect exhaustion. 

Properties of Metal Lamps. Tungsten 
lamps, by reason of their high temperature when 
in use, are very efficient^ the consumption often 
averaging only 1*5 watts per British candle 
power, over long periods. This, comparecl with 
the 3*5 and 4*0 watts per candle power of the 
carbon lamp, shows what saving in current 
can be effected by their use. 

All metal lamps have filaments the resistances 
of which increase with the temperature. In 
this they differ from carbon filaments, the re- 
sistance of which faUs as the temperature rises. 
Consequently metal lamps are much less sus- 
ceptible to changes in tlie voltage of supply, 
and the useful life of the lamp is increased. For 
instance, three average lamps were very care- 
fully tested. On starting they gave 22*6 candle 
power with a consumption of 1*32 watts per 
candle power. At the end of 6000 hours the 
candle power was 13*7 candle power, and the 
consumption 2*02 watts per candle power. A 
Tungsten lamp giving 16 candle power at 100 
volts increases only to 18 candle power at 104 
volts, while a corresponding carbon lamp 
would at 104 volts give 20 candle power. 

The Nitrogen Lamp. An extremely 
efficient lamp has recently been introduced 
having a short, thick tungsten filament in a bulb 
containing nitrogen gas from which every trace 
of air and of water-vapour has been rigorously 
excluded. This permits of a higher tempera- 
ture being maintained, and therefore the lamp 
gives more light in proportion to the power 
expended. These lamps are called “ half -watt ” 
lamps, because they give a light of about 200 
candle power for an expenditure of 100 watts. 

The Nernst Lamp. A lamp which for some 
years was very popular, but is no\y little used, is 
the Nernst lamp. The filament consisted of a 
short length of on infusible earth made of the 
oxides of several rare metals, of which zirconia 
is one. This filament, if previously brought to 
a high temperature, became a conductor of 
electricity and emitted a veiy brilliant light. 
Such lamps burnt in air, and were very suitable 
for high voltages, such as 200 to 300 volts. They 
had an efficiency of from 2 to 2^ watts per 
candle power, but in practice the trouble was 
to get tnem to light up. Great ingenuity was 
shown in devising automatic heaters, and the 
final form was very successful. With the advent 
of the high voltage metal lamp the Nernst 
burner feU into disuse. 

Mercury Vapour Lamps* These lamps 
have more than passing interest, because it is 
possible that the lamp of ihe futinre will be of the 
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vapour type, dispensing altogether with the 
incandescent filament. Mercury vapour lamps are 
generally known as Cooper-Hewitt lamps [208], 
though other types are ia use. They are only 
suitable for airect currents. A transparent 
tube, sometimes made of quartz, sometimes of 
glass, and about 22 inches long, is partially 
exhausted, and a small quantity of mercury is 
placed in the upper part. Electrodes are 
placed at each end of the tube, and on starting 
the lamp is tilted so that the mercury momen- 
tarily connects the two electrodes. As soon as 
this takes place the tube is immediately filled 
with an incandescent mass of mercury vapour, 
which continues even though the continuity 
through the mercury is broken. 

This vapour is very rich in violet and deficient 
in red rays, so that, although it is very useful for 
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many purposes, its effect on the human skin is to 
give an appearance of great pallor. The light, 
however, is very restfuh and enables the finest 
work to bo done for long periods without injury 
or exhaustion to the eye. This gives it great 
favour in drawing-offices. 

The Moore Lamp. The Moore is another 
type of vapour lamp which promises well. A 
glass tube about IJ inch diameter is taken in 
long lengths round the room to be illuminated, 
generally suspended near the ceiling. The 
length of the tube may bo anything up to 200 
feet. The tube is filled with nitrogen gas and 
exhausted to about inch. Small carbon 
electrodes are placed in the ends of the tube, 
which are connected to the terminals of a small 
alternating current transformer giving 10,000 
to 12,000 volts. On turning on the current the 
tube is filled with a reddish light very pleasing 
to the eye. To maintain the vacuum constant 
a very ingenious valve is fitted to the tube. 

Illumination. The next step in electric 
lighting is to learn how properly to utilise tlie 
light produced by various lamps. §bme of 
them, notablv the metal lamp, have so high an 
intrinsic brilliancy that unshaded they are 
positively injurious to the eye. It is possible, 
however, by the use of suitably cut shs^es and 
reflectors to direct light ra 3 ^ as one will and to 
concentrate or diffuse them to suit the conditions 
of use. The Holophane Company’s shades are 
specially designed with this end in view. Whit 
can be done is shown in 207, which nves the 
light distribution curves for the two wades in 
206 and 206. SILVANUS P, THOMPSON 
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Function and Balance of the Bow. How Effects of Light and Shade are 
Obtained. Advantages of Combined Playing. Methods and Examinations. 

VIOLIN BOWING 


F bom the foregoing remarks it should be 
evident that the violinist’s left hand has 
a very important office. All the finger totdi- 
nique which a keyboard player has to master 
with both hands, in the violinist devolves on his 
left hand alone. As the majority of human 
beings are right-handed rather than left-handed, 
we have hitherto treated spefiially of the 
manner in which the less exercised member is 
employed. 

The Hands. Not only does accurate into- 
nation depend on the way in which the left 
fingers stop the not/cs, but the quality of the 
tone is influenced by the manner in which the 
digits move, and the rapidity of such motions 
is the first necessity for velocity in execution. 
Moreover, D’Arpentigny, in his interesting 
book on “ La Science dc la Main,” draws 
attention to the fact that the most correct and 
thorough musicians arc characterised by having 
what iire known as spatulate fingers, such as 
are numerous amongst mathematicians and 
algebraists, strict observance of time and 
measure being the neceasarily precedent condi- 
tion of musical rhythm. Musicians, then, whose 
finger-tips are spado-like in shape, are generally 
those who can play in time most accurately. 
On the other hand, the same authority shows 
that melody is the peculiar province of fingers 
which are pointed. Such are less reliable in an 
orchestra, although they are more capable of 
taking the world by storm in solo work. Where 
both forma are combined, as was the case with 
Paganini and Liszt, executive musical powers 
appear to reach their cuhnination. 

Should the student, then, possess thick, square- 
ended fingers, he will, as a rule, find it wise 
to give more attention to the cultivation of 
melody and expression in playing, than if he has 
fine-pointed fingers, in which case, his chief care 
should be accuracy in time, as playing in tunc will 
come more naturally to him. Be that as it may, 
correct movements of the right hand are as 
essential to the violinist as those of his left, for 
the right hand manipulates the bow. Without 
it the violin makes no musical appeal, inasmuch 
as the right hand and arm movements supply 
the necessary mechanism for the production of 
the tone, just as the keys, levers, and other 
parts of the complicatecf double escapement, 
check and hammer action do in the pianoforte. 

Nuances. If the left hand of the violinist 
is indispensable for the production of tone, 
semitones, intervals and nodes, it is the right 
hand of the player which furnishes not alone 
the vibration, but the ptano, forte, 

fwiisaimo^ smorzando, diminuendo, calando, and 
all the other subtle shades or nuances which 
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go to make up expression in playing. The 
student should understand that the develop- 
ment of tone-quality is something infinitely 
more than mor(^ loudness or softness. Accuracy 
of fingering may be the first essential, but unless 
this is allied to skill in bowing, the result is 
colourless and uninteresting. A graceful and 
effective handling of the fiddle- bow' is a fine art. 
The bow represents more to the violinist than 
do the keys to the pianist. When well managed 
it is the fiddler’s loud and soft pedal. It acts 
also in the capacity of the swell shutters of an 
organ. 

But whereas pedal effects are produced 
mechanically on a k(‘yboard instrument, the 
violin student must train his right hand and 
arm to furnish the mechanism, and before ho 
can use the bow with dexterity, long and 
careful practice is indispensable. But a charm 
of the violin and its bow is that the two 
invariably reward merit and show no con- 
sideration for persons. Thus, the needy but 
good player with a checap fiddh* and cheap bow, 
who by practice has made hims(*lf expert, w'ill 
obtain a In^tter effect than the bad player, 
although bo possess a priceless 8lrad. 

Function of the Bow. Neat execution 
in violin playing is only possible by adroit 
bowing. An orator may have a good voice, 
just as a tiddler’s left hand may give correct 
intonation ; but it is the speaker’s know- 
ledge of the art of dcUveiy which influem^es 
and stirs up the emotions of his audience. 
Hitherto the student, if he has followed the 
directions given, has endeavoured to bow with 
regularity and straightness of direction — we 
have not confusetl him by describing the man;,' 
varieties of expression obtainable by the right 
hand. It is now impossible for him to give 
too much attention to the different styles of 
bowing. For these he will find that sometimes 
the whole bow is used, and at others the half 
bow ; and that the low’er, the middle, and the 
upi>er parts of the bow each have their duties. 

Open Strings. The student should en- 
deavour to infuse light and shade into the 
four open notes by varying the side-pressure 
of the bow as they are played. To get the 
moat delicate softness of expression, which was 
such a charm in the playing of the great 
Paganini, the straightness of the bow may now 
slightly be departed from. For ordinary pur- 
poses the stroke of the bow should be midway 
between the end of the fingerboard and the 
bridge. But the softest effect is obtained when 
the bowing is dene close to the end of the finger- 
board, whilst the sound is most brilliant when 
the bow approaches the bridge firmly. 

iHSTRUMETO ErdCUflM, & SINGING 
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Now begin at the tip slowly. Put the point 
loosely on the string, lower down than usual. 
Push the bow upwards, increasing both the 
pressure and the speed as well os the direction, 
in order to get a uniform crescendo. The stroke 
.should bo so regulated that it has its maximum 
firmness as the hair approaches most closely to 
the bridge. This should be when the middle of 
the bow passes over the string. Then, con- 
timiing the motion, cause the sound to diminish 
in the same way by small degrees, so that when 
the nut of the bo>v reaches the string the tone 
is almost inaudible. 

Simple as this exercise may appear, it needs 
considerable practice to do well. In lessening the 
pressure and rapidity of the stroke, the player 
aids the effect by imperceptibly elevating the 
bow whilst he moves it further from the bridge. 
To do this skilfully requires flexibility of wrist, 
so that the entire weight of the bow never presses 
down vertically on the string. Now try Ex. 42. 
Practise the effect with the down- bow on each 
note of the scale, placing the nut of the bow 
very delicately on the string nearer the finger- 
board than usual. Bring the bow down with 
increasing strength and a backward movement 
of the arm, so that the speed is greatest at the 
middle, when the hair is closest to the bridge. 
Power over the bow, it will bo perceived, is 
mainly produced by the thumb, forefinger, and 
wrist. It is only when the bow approaches the 
bridge that its weight is sustained principally 
by the little finger. This relaxes its tension 
naturally as the bow descends. 

Legato. A curved line in the music, which 
links two or more notes together, indicates that 
all must be played with the same stroke of the 
bow. The notes being tied together, the manner 
in which they are played is known by the 
Italian word Legato, Bend the wrist carefully 
on approaching the bridge. The longer a note 
is sustained, the greater, as a rule, is the length 
of bow used. Therefore, begin a long slurred 
passage either close to the tip or the nut [Ex. 43]. 


Ex. 42. CRES. and DIM. BOWING. 



Legato playing is a very important branch of 
execution for the learner to acquire. It is a fine 
art to make the sounds of the string fiow con- 
tinuously, so that whether the bow is at its 
heel or tip, or is changing the stroke, the effect 
produced is equal. Without regular practice, 
the most naturally gifted violinists have not 
acquired the ability to bow smoothly, and thus 
compensate for casual lack of strength in the 
left hand, or subdue spasmodic exhibitions of 
unusual digital power. When Opie was asked 
how he mixed his colours, he replied, “ With 
brains.” Any great violinist when questioned 
how he contrives to bow so gracefully can give 
the same answer. Not alone the hands, but 
brains must be employed if the learner is to 
make progress. After lengthy practice it often 
happens that the conscientious student perceives 
that ho is playing worse instead of better. He 
should feel encouraged by such a belief instead 
of being disheartened. Unknown to himself, ho 
has raised his own standard of musical apprecia- 
tion, and is aiming higher than he did at first. 
He is beginning to be a true artist, and the 
greater the excellence to which ho attains the 
more will he in secret feel dissatisfied with 
himself. 

Balance of the Bow. Apart from sus- 
taining the tone with different degrees of strength, 
the bow, as the source of expression, git%s to 
violin music its accent. Slurs of moderate length 
are begun about the middle, where quick, full 
notes are generally played with the last quarter 
of the bow. After first seeing that the hair is 
clean, practise short, quick slurs in order to 
improve the balance of the bow. The weight of 
the two ends of the stick being unequal, the 
wrist of the player must accustom itself to 
neutralise this inequality, and place the bow 
on the strings at any given point at the right 
angle so that the bow is in a constant state of 
equipoise, ready to do whatever is required of it 
with the least effort. To get balance of the bow, 
play from the nut, using, at most, 3 in. of the 
hair for each slur. Grasp the stick almost rigidly 
with all the fingers. Do not take the bow off the 
strings nor the fingers from the stick. The pres- 
sure of the hair on the strings should be light, 
and the notes should flow evenly and be neither 
hard nor harsh. 


Ex. 43. 


LEGATO BOWING 
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The detachif or separated, style of bowing is 
used when a short, emphatic note and its suc- 
cessors are played firmly with equal power and 
duration. Keep the elbow perfectly still and 
the back of the arm steady. Make the strokes 
as long as x> 08 sible. To produce equality, put a 
little more vigour in the up than in the down 
bows [Ex. 44]. 

Puntato, Not only is richness of expression 
gained, but interest is added by studying the 
same exercise, bowing it in a different way. What 
is Imown as puntato, or pointed, bowing is the 
firm playing of dotted notes with the tip, keeping 
the bow on the strings. For strengthening the 
right wrist. Ex. 45 will be found an excellent 
drill. 

Very like puntato, only more separated, is the 
opposite style of bowing to legato. This is called 
staccaiOy one of the most brilliant, bright, 
and beautiful of bowings. The thumb should 
now press the stick lightly. Start the series of 
detached notes, or chips of sound, from the tip 
in an up- bow, or the middle of a down-bow. The 
hitter is the more difficult. In the former, the 
upper half of the bow is always used. With 
one stroke the disjoined percussive notes mast bo 
articulated clearly, smartly, and in strict time. 
Such notes are marked in music by dashes or 
dots above or below them. 

Nothing but intelligent practice will lead to 
a mastery of rapid staccato bowing. No un- 
bowed instrument is capable of giving the pecu- 
liar staccato effects which can be made by 
skilled players of the fiddle tribe. Although the 
production of this feature is purely mechanical, 
and some performers show an exceptional faculty 
for its accomplishment, others fail to properly 
acquire the knack. Imagine the hair of the bow 
to represent a 2-ft. rule marked vertically with 
Hixteenth divisions of an inch. In playing a 
passage of notes staccato, endeavour to employ 
only one of these sections for sounding each note. 
Hegin slowly. After each short thrust, stop. 
Never go backwards and forwards ; let the 
stroke always advance. Good staccato players 
can execute long passages softly, articulating 
each note clearly without the bow having visibly 
crossed the strings any distance. The reason 
why the staccato is easier to do with the upper 
than the lower half of the bow is because, in the 
latter case, the weight above is liable to make 
the bow spring and take away from the firmness 
and dryness oi the effect [Ex, 46]. 

Changing the Stroke. When the length 
of the bow does not suffice to execute a 
note or notes within the time indicated, the 
change of stroke must always be done very 
smoothly with no diminution of power, so that 
no interruption may be heard if in the middle 
or towards the end of a passage. 

This style, known also as the Martellato, means 
“ hammered.” It consists in detaching notes 
from each other with the upper part of one bow, 
calling the hair to dwell for a moment on the 
string so as to damp the sound instantly and give 
the effect of a little knock. If, after a special 
direction like ”Martel6,” the word “segue” 
occurs in the music, it implies that the preceding 
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Style of bowing is Ex. 49. WHIPPED BOWING 
to be resumed, or 
literally “ followed ’* |> 

[Ex. 47]. 

Tremolando. < 

Tremolando implies 
a shivering or waver- 
ing tonal effect. It is indicated by a short 
waved line under a long note or chord. Tromo- 
lando is executed by the note being bowed 
with a loose wrist and considerable rapidity. 
The arm must be free and the little finger lifted. 
Necessary pressure to make the bow bite, but 
without exaggeration, is supplied by the second 
and first fingers together with the thumb. 
There are three kinds of tremolando bowings. 
The first is a prolonged shiver on one note. 
The second is a rapid arpeggio over two strings, 
tho first note being follow^ by a second thrice 
reiterated. The third variety is when one note 
is followed by a second repeated thrice as before 
and ends Avith tho first note, the last throe 
sounds of the group being taken tAvice as fast as 
the first two. 

Begin in eacli case Avith a sharp jerk of the 
wrist, as if shaking drops of water off a wet hand. 
This gives tho impetus for the spring of the bow 
and the recoil stroke, the motion of the right 
hand for tremolando bowing being ellipsoidal 
instead of straight doAvn and up [Ex. 48J, 

Fouette. Fouette, or whipped, bowing 
is done by the bow being lifted off tho string 
and thrown on it sharply with an up-stroke 
ne^r the point so that it does not tremble 
[Ex. 49]. 

Arpeggio Bowing. This means in the 
style of a harp. Some old writers spelt the 
word “ harpeggio.” In arpeggios on all tho 
four strings of tho fiddle tho first care must 
be to get correct intonation. . The more awkward 
the fingering tho greater must bo tho attention 
paid to getting each note in tune. If the 
student tires during this study, he should turn 
to something easier. Tho effect should bo a 
series of soft percussive pulsations, tho elasticity 
of the bow causing it to bound easily from string 
to string. Begin by slurring the note on the 
four strings before attempting to make the 
bow dance. The knack will come gradually. 
At first the bow will have a habit of danoi^ 
two or three times on the same string. With 
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practice this irregularity will be cured. Never 
exaggerate the dancing. Make it quietly. 
Remember that arpeggio notes should be played 
consecutively with a smooth, harp-like effect. 
The middle of the bow is used mostly for four- 
string arpeggios. Keep the hair flat on the 
strings and the stick more to the left than usual. 
Ex. 60 gives three bars from an excellent study 
by Spohr. 

Saltato. SaUato, or sautill4, is a peculiar 
staccato effect obtained by making the bow 
bound and rebound on a string quickly, or 
whilst see-sawing across the strings as in extended 
arpeggios ; but the effect is more “ jumpy ” than 
before. First tighten the bow. When the 
faculty has been acquired, the degree of force 
used can be varied. Keep the tip of the little 
finger rigidly on the stick. Relax the other 


Pii^xicato. Pizzicato for the right hand is ot 
far more importance. The term implies that the 
strings are pinched or plucked so as to give a 
guitar effect ; meanwhile the right hand holds 
the bow firmly near the nut by the last three 
right fingers. There are two ways of executing 
right-hand pizzicatoa. First, when the passage 
is a short one, the violin remains under the chin. 
Place the tip of the right thumb against the lower 
edge of the fingerboard. With the first finger, 
pluck the string or strings until the words 
col arco ” occur in the music and the bow 
is again used. The second way of making 
pizzicato is employed when the passage is a 
long one. It is then more convenient and 
productive of a fuller tone to hold the violin 
like a guitar. Retain the bow in the right 
hand as before. This time put the first finger 



fingers. Hold the bow half an inch above the 
string — the part of the bow used is the middle. 
Drop it in such a manner that the hair shifts 
a fraction of an inch and the note is bowed as 
well as struck. The natural recoil brings the 
bow back for tlie next hop. Now try tripping 
on the strings, steadily increasing the height 
from which the bow falls ; but the stick must 
not be allowed to strike the strings through the 
hair [£x. 51]. 

Col Legno. Col Legno, as the Italians say, 
means “with the wood,” or Le Dos de VArchet, 
as the French say, means “ with the back of the 
bow.*’ Wagner, Boildieu, Liszt, Strauss, and 
other composers, have made use of this effect 
to produce weirdness in orchestral colouring. 
When the words occur, the player simply 
turns his bow over and makes the wood chatter 
on the strings, or scrapes them as directed. 
The efifect is rarely employed, and the student 
need not trouble about it. 


against the edge of the fingerboard. Do the 
plucking with the thumb. Keep the nails 
short; if they are long, not only is the tone 
bad, but the strings are liable to be out. 

Mind Training. Let us repeat that all 
bowings must bo practised slowly at first and 
with great care. Mark Hambourg says that 
“it is as important to train the mind as the 
fingers if one would be a great instruQ^entalist,” 
and he further remarks that unless the whole 
heart and soul of a pianist is working with his 
fingers, he may as well leave the piano alone. 
This observation applies even more to the 
violinist, who supplies the mechanism of his 
own instrument. As the student becomes 
familiar with the correct way^ of . bowing, 
speed can be increased. 

Before a violinist can co-operate usefully and 
successfully with other players, he should have 
reached a fair stage of individual proficiency. 
First, he ought to be able to play in tune ; 
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lext, by reasonable masteiy of the bow, he 
should be able to express the, shades of tone 
marked in the music ; and, last but not least, 
he must have the faculty of keeping time so 
that ho does not hurry over easy passages 
nor “ drag ” during difficulties. Unqualified 
fiddlers are the ruin of most amateur orchestras. 
Professor Prout, echoing Schumann, has said 
that “ Bach’s 48 Preludes and Fugues should 
become the daily bread of the pianist.” Tn 
like manner, Kreutzer’s 40 delightful studies 
should bo the diurnal diet of tho violinist. 
They can be purchased for Is. 6d. from Boosey. 
In most towns nowadays there aro amateur 
orchestral societies, or choirs accompanied 
instrumentally. As soon as possible tho student 
should seek election as a second Aiolinist in such 
a body. 

Advantages of Playing with Others. 

The experience gained by the student who 
does this will teach him much that cannot 
be appreciated during solitary practice. First, 
playing with others will train him to read at 
sight. Secondly, it will open up iO his mind a 
largo province of good music hitherto un- 
explored by him. Thirdly, if tho conductor 
knows his work and tho orchestra is compettmt 
to follow his directions, the student who is 
familiar with some well-known composition 
will learn how a different comj)lexion may bo 
given to it by a distinctive manner of “ reading.” 
Fourthly, what is known as syncopated playing, 
or altering the rhythm by driving the accent 
to that part of a bar not usually accented, is 
often more easily acquired in association with 
others than when bowing alone. Fifthly, tho 
student, especially at concerts, will have an 
opportunity of gaining valuable hints from 
artists engaged who aro better players than 
himself. Sixthly, he will thereby, if he kcc[) 
his ears and eyes open, be able to correct short- 
comings in his own playing, and so develop bis 
natural gifts whilst avoiding undesirable man- 
nerisms in others. 

Family Intercourse. Tho violin student’s 
Xmrest enjoyment, however, will probably be 
found as soon as he is capable of taking part 
in a stringed quartet or quintet. Wonderful 
as his instrument is by itself, or when pJixyed 
in unison with other fiddler in an orchestra, 
it is related by the closest of family ties to a 
set of larger instrumental brethren, all equally 
remarkable in their way. These extend the 
compass downwards. During harmonious inter- 
courao with its kindred, therefore, the first 
violin is representative of the soprano voice, 
the second violin of tho contralto, tho viola 
of the tenor, the violoncello of tho bass, and 
the double bass of the basso profondo in a 
quintet, outrivalling in height and depth of tone 
that of the contrasting hum . voices. 

To excel as a soloist on the concert platform, 
a mastery of the most complicated difficulties is 
demanded nowadays. Although, unlike the 
pianofoite, the violin atta^Lned its highest 
mechanical developnient long ago, there seems 
to be no end to the way in which records of skill 
and virtuosity are beaten by one player after 
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another. Parents have often wished that their 
children might have old heads on young 
shoulders. That miracle has frequently hap- 
pened of late as regards violin playing. Extra- 
ordinary executive perplexities are overcome 
with ease by many a child -prodigy. Mischa 
Elman as a little boy — to say nothing of Max 
Darewski — and the girl Vivien Chartres revealed 
in public a matured insight into tho meanings of 
advanced compositions for this instrument. 
In such cases tho child has usually been brought 
up in a musical atmosphere. Unconsciously, 
good music has been nourishing tho mind as 
bread or meat have been building up the body. 
If , therefore, tho self-instructor desires to excel on 
tho violin, wc cannot add better twlvico than 
this : “ Do not fritter away time. Economise 
it. There is much to be done, and life is short. 
To make rapid jirogress, the student should take 
every opportunity of associating with better 
plaj'ers than himself. Co as often to concerts 
as possible. If not good enough to play second 
fiddle in an orchestral society, volunteer to 
help tho librarian or steward to put out tho 
music.” By keeping his ears open, the student 
will then find himself in a position to hear much 
to liclp and stiihulato his practice. 

Books. Of books calculated to enthuse 


tho lover of the violin, sometimes obtainable 
cheaply secondhand, we may mention “ Famous 
Violinists,” by Henry Lahee ; “ How to Study 
tho Violin” by Hans Wessely, and “Tho Violin 
and its Makers,” by Antonio Slradivarius; 
“ The Violin,” by Dubourg ; ” The Bow : Its 
History, Manufacture, and U§o,” by H. Saint- 
Gcorge ; and that delightful work ” Tho Violin ; 
Its Famous Makers and Their Imitators,” by 
George Hart. 

Methods. Th(i most notable methods aro 
those of Wilhelmj, Joachim, and Seveik, as used 
at the Paris (lonservatoire ; and the tutors by 
Kroutzer, Rode, Firrillo, Dancla, David, and 
Hermann — soiled copies of which arc frequently 
procurable from the secondhand bookshops which 
abound in Charing Cross Road, London, at a 
nominal price. 

Examinations. A sure way of testing 
progress and ascertaining that the student is 
on the right road is to work up for the graded 
examinations of the Incorporated Society of 
Musicians. Write to 10, Berners Street, London, 
W., for particulars. Those tests are hold periodi- 
cally in all the chief centres of Great Britain and 
Ireland. The examinations are in four classes, 
the maximum of marks given being 100 in each 
grade. In the easiest, class, the marks are 
allotted as follows : Scales, 12 ; Arpeggios, 8 ; 
a Study, 15 ; a Piece, 40 ; Sight-reading, 10 ; 
Questions, 10; and Ear- tests, 5. The points 
which are particularly considered by the ex- 
aminers are correctness of intonation, strictness 
of time, the fingering employed, tho phrasing 
and accentuation, the attitude of tho player, and 


ihe manner of his bowing. 

The compass of all the different members of 
ihis important musical family is given in the 
irticle on Orchbstbation. 

AT/^ ERNON ROSE 
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Cleaning, Winding, Throwing, Sizing, Drawing, and Spinning 
Silk. Removing the Gum. The Treatment of Silk Waste. 

SILK THROWING AND SPINNING 


T jib methods by which the so-called raw 
silk is made from the cocoons by silk- 
reelcrs in the silk-producing countries have been 
explained in Chapter 7. page 897. It remains 
now to follow the course of the raw silk through 
the machines of the silk-throwing factory. We 
have seen that raw silk arrives in the form of 
slips, or skeins, made by drawing off fibre from 
the cocoon and winding threads from several 
cocoons over the arms of a hexagonal reel. 
The first measure is to take these slips, open 
them, straighten them, and, if need be, divide 
them into smaller skeins of approximately equal 
lengths suitable for the swifts upon which they 
have to be placed to be re- wound. A girl does 
the work, and she passes the slip over two up- 
right rotating barrels or bobbins. By rotating 
the slip its threads are opened out, and they lie 
flat, much as they did upon the original reel. 
In this condition the hank is easily divided into 
portions, loose ends can be detected and lied, 
and conspicuously bad places can be removed. 

Soaping. Well-reeled .silk can be treated 
bright, or, in other words, without soap, but to 
facilitate working the .silk it is mo.st often .stee])ed 
in a more or less strong solution of soap and 
hot water. From 4 to 8 per cent, of soap i-i 
deposited upon the fibre ; and as good white curd 
soaj) docs not injure the silk, and as the soap 
all comes away along with the natural .sflk gum 
when the silk is boiled off, the practice i.s un- 
objectionable. 

The use of bad soap and of hard water, and 
.still more the use of insoluble chemicals which 
. are employed solely to add fictitious weight, 
are to be deprecated. After the silk has soakecl 
for a sufficient length of time the skeins, are 
wrung out by hand, put into the cage of a 
centrifugal drier to expel the mxin part of their 
water, and their drying is completed either by 
hanging thorn in air or in the heat of a stove. 

Winding and Cleaning. The silk has 
then to be run onto bobbins [see page 901], and 
the skeins are spread over the arihs of revolving 
swifts. The end is found and led through a 
guide which is given a side-to-side motion so 
that the silk is spread evenly and without any 
appreciable friction upon a wooden bobbin 
placed horizontally upon the winding frame. 
Means are taken at the same time to clear the 
silk of husk, knots, or other projecting irregu- 
larities by passing the end through a narrow 
cleft between two parallel steel plates, or 
otherwise through slots in single steel plates. 
In the event of the stoppage of the thread, the 
bobbin is automatically stopped until the 
attendant has freed the tangle. These stoppages 
for repair are extremely frequent in winding 
tatlees (or hand -reeled Chinese raws), and com- 


])arativcly infrequent in treating the best 
Italian and French raw silk. Thus a much 
greater quantity of the French raw silk can bo 
dealt with in one day. 

Tram and Organzine. The winding of 
the single-thread raw silk on to bobbins is the 
preliminary to the throwing or spinning by which 
a number of these single threads are joined into 
one finished thread and are bound together by 
being twisted. The degree of twisting varies 
with the purpose for which the yarn is to be 
used. The ruy-throw silk, made at Derby for 
braid-making, is given virtually no twisting at 
all. The tram silks which are used for weft are 
compo.sed of two or more single strands to which 
no twist is im])arted by the throwster, but the 
tram is given two or three turns to the inch in 
the act of doubling. Organzine .silk, or warp, is 
twisted in the single and in the doubled state. 

No-throw and tram are as bulky and flossy as 
the throwster can safely make them, and organ- 
zinc is made hard and strong because it h.as to 
sup]>ort the tension and friction of the loom. 
Hard twi.sting allor.s the character of the silk, 
and it is re.sorkd to for other purposes than 
weaving, as, for example, in making some 
knitted .scarves, surgical elastic stockings, and 
the best sewing silk. 

SilK Throwing. The throwster’s spinning 
frame is arranged usually in two tiers in the 
interests of the economy of space. It transfers 
silk from the winder’s bobbin — or from more 
than one bobbin — on to the spinning bobbin. 
The latter is driven by a band of cotton twine, 
which derivo.s motion from a relatively largo tin 
cylinder, and communicates it to a compara- 
tively small whorl. Above the bobbin a light 
Aviro flyer is mounted, and the relative speeds of 
the bobbin and the flyer determine the number 
of turns per inch given to the silk Avouiid on. 

After being thrown the silk is wound from the 
bobbin back into skeins, passing off the bobbin 
through the eye of a flyer and on to a hexagonal 
reel. The reel is given a quick, side-to-sid(^ 
motion by the action of cams, with the conse- 
quence that the yarn is laid upon its swift .s 
diamond- wise. This cross reeling, or Grant 
as it is called Avhen a very long traverse 
is given, assists to prevent the caiching or 
entanglement of neighbouring threads, and thus 
facilitates their further handling. 

Sizing SilK. The silk is reeled into skeins of 
a determined length, usually of 1000*-2000 yards. 
The importance of maintaining a uniform length 
i,s seen Avhen it becomes neces 80 ,ry to classify 
the skeins according to their fineness. There are 
wide differences in the fineness of raw silk of one 
origin, and the mixture of these skeins together 
occasions perceptible differences or faults in the 
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manufactured goods. When skeins are of the same 
length, the difference of fineness can be detected 
by weighing. The dramtnerst' ov sizers, assort the 
skeins according to the weights. A simple spring 
balance terminating with a hook is hung before 
each of these girls, the weight of the skein is read 
in drams, and those of similar fineness are placed 
together. The skeins are put together to form 
larger skeins or hanks, and the hanks are tied 
together to form bundles. 

Conditioning. Silk material is valuable, and 
such as wo have described is worth normally 
from 15s. to 25s. per pound. Precautions are 
therefore taken in the factory against the stealing 
of silk. In buying silk there is a preference for 
buying it conditioned with the certificate of a public 
Conditioning House. Like wool and cotton, silk 
takes up moisture from its surroundings, and in 
standard condition silk weighs 11 per cent, more 
tlian it does when reduced to absolute dryness by 
the heat of the conditioning oven. 

Waste Spinning. We have seen [page 890J 
that the manipulation of cocoon silk and raw .silk 
involves the production of silk waste of a kind 
capable of excellent service, but not utilisable in 
the form of a continuous thread. The inanufacturo 
of sjmn silk from discontinuous fibre is a con- 
siderably more important industry in England than 
that of making net, neat, or thrown silk. In making 
s[)un silk the procedure follows the same broad 
lines as in spinning worsted or cotton, although 
there are some essential modifications. 


effect of fixing any defects of colour, and tho bath 
is cooled to about 180° F. before the silk is thrown 
ip. The waste is ojiened out into a loose condition 
and placed in quantities of about three-quarters of 
a pound in little, open-meshed canvas bags, securely 
tied at the neck. Steam is laid on, and the silk is 
boiled for about two hours, the bags meantime 
being turned and changed in position in tho vat. 

when tho gum and dirt liave been sufficiently 
loosened, the silk is passed through mangle rollers 
to squeeze out the excess of moisture. It is then 
given a second boiling for a rather shorter time, but 
with a somewhat stronger solution of soap, to 
remove the impurities loosened in the first opera- 
tion, and after mangling or cimtrifugal drying the 
material is further dried by steam or stove neat. 
It is necessary that tho drying should bo even 
throughout tho whole mass, and the best results 
arc got from the careful use of trav»'lling lattice 
machines, so arranged that the silk is carried in a 
thin and uniform layer slowly over steam-pipes. 
The machines are in tiers, anti the silk, after 
travelling tho length of the machine, falls ujwn 
another creeping lattice and is carried back. At 
tho end of this traverse tho material falls upon a 
third lattice, to bo conveyed ultimately into the air. 

Loss of Weight in Boiling. The loss of 
weight in boiling off is considerable, being from 30 
to 40 per cent, upon the classes of waste most used 
in England. A portion of this loss is recovered 
when the ultra-dry material has lain for a term in 
the air to regain its natural amount of moisture. 




Discharging the Gum. After receiving, ':!* allowed to lie in a danip i>lace. 
weighing, opening, and blending his waste silk, tho unnaturally dry condition is incapable 

KiigliHh manufacturer proceeds to discharge, or boil manufaeturing treatment, b< causo the flbnis 

off, tho silk gum in such a manner as to get rid of it become electrified aiid stand off from each otluu*, 

thoroughly and to have a clean mass of soft and escape the teetli Ihc combs and gills that 

supple fibre of good colour l(‘ft behind. A wooden '**^^*^^ parallel, 

cistern, fitted with a perforated false floor, is used. Schappe Silk. The schappe process of re- 
Water is laid on to tho tub from a pipe above, and moving the silk gum more or l(*ss thoroughly, but 

not eomfilotely, is practised 
. . largc'ly upon the (Continent. 
Tho silk waste or coctions are 
placed in the inm^r compart- 
mont of a wooden cistern, 
'rhis compartment is per- 
forated upon its sides and 
bottom to admit, water from 
the outer chamber. When a 
certain quantity of silk has 
been laid in, the mass is 
allowed time to b(*come fully 
saturated, and then another 
([uantity is added. Tho i>ro- 
oedure is continued until the 
cage is full, when a lid is laid 
on the top and weighted 
down. Steam is admitted 
into tho outer compartment, 
and tho whole is kept at a 
temperature of about 140° F. 
for a period of some days. 
Fermentation sets in, acrid 

' animoniacal odours are gciio- 

8ILK CLEANING AND GASSING FEAME , . i decom- 

ograph by courtcy of Messrs. Greenwooa & Batley. becds rJccom- 

nto a coil below tlio false flooring, position is judged to have gone far enough, tho 

5r can 1^ boiled. The water is material is taken out and thoroughly washed. - 

loil, and a quantity of the finest Tho washing calls for largo qiiantitics of soft 

equal to 10 or 12 per cent, of water, and the process is worked to tho greatest 

0 silk to be treated, is cut into advantage by mills upon both sides of the Alps, 

rown in and dissolved. Silk is which are favoured with unlimited and free supplies 

bo boiling water, as this has. the of glacier water. In washing, the spoilt cocoons 
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steam is passfu into a coil below ttie false flooring, position is jud( 
so that water can be boiled. The water is material is take 
brought to the boil, and a quantity of the finest Tho washing 
white curd soap, equal to 10 or 12 per cent, of water, and the 
the weight of the silk to be treated, is cut into advantage by i 

sliavings and thrown in and dissolved. Silk is which are favou 

nov^. ojutered into boiling water, as this has. the of glacier watei 
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aiHl waste are macerated by stamjjing machinery. 
'J'lu* material is carried round continuously upon a 
r<‘volving })an, and thus beneath the stamps which 
squeeze the water through and through. 

Fibres of schappe silk derive a certain stiffness 
from the gum loft behind, and this facilitates their 
treatment on machine combs upon which fully 
discharged silk waste cannot be worked 
to any effect. The amount of gum left 
in schappe silk ranges from as little as 
2 per cent., when its presence is bartdy 
perceptible, up to 25 per cent, or so, 
when the yarn is usually dark colour<?d 
and malodorous. 

Preparing SilK Waste. In 

English spinning mills the boiled -off 
waste is placed upon the travelling apron 
of the opening machine, in which the 
fibre receives its first straightening treat- 
ment. The apron is furnished with 
bent steel teeth, with their points up- 
ward, and above this is a similar but 
shorter apron, with teeth pointing 
downward. These jwreupine. sheets 
pull and straighten the disordered fibres 
and carry them forward. As soon as 
the fibivs project over the end of the 
aprons they are caught by the t(^cth of 
a swiftly revolving drum and are drawn 
round its circumference. Dust is 
liberated, and is drawn away by fan 
suction ; and such hard-knotted pieces 
of silk as do not yield to the opeming 
action of the t(^eth an^ detached and 
fall into a compartment below. The 
drum, in course of a little time, becomes 
covered, and when sufficient has been 
accumulated a cut is made across the 
width of the drum, and the loosened 
end is led through the nip of a pair of 
stripping rollers, and th(^ whole lap is 
thus removed. 

The Filling Engine. Silk waste 
is composed of fibres of widely varying 
length. Some of them may be yards 
long, and others are broken, perhaps, to less than 
an inch. It is necessary to reduce the longest 
fibres to a length suitable for spinning, and this 
is done upon the filling engine. The lap from 
the ojioner is passed between the toothed feeding 
rollers of the filling engine, and the ends of the lap 
are worked on by the st-eel teeth of a cylinder like 
that of the opening machine, except that the teeth 
are set in rows. These rows are from four to nine 
inches apart ; and when a sufficient quantity of silk 
has been wound round the drum, the fibre is cut 
at each row with a knife or scissors, and the silk 
is left in a series of fringes upon the teeth of the 
filling engine. By this time the individual fibres 
have been laid in approximately parallel position ; 

>0 long for the spinning machinery 


fringe of silk protiiidmg, wooden divisions are 
inserted between each pair of boards, and they are 
carefully levelled. The whole is then locked tight, 
and the inframo, which is really a sort of table, is 
swung into place for dressing to begin. 

The dressing is done by rows of bent steel combs, 
bolted to an endless web of hemp canvas and tilted 



none of them is too 
employed, and the next step is to dress, or comb, 
them to remove the shorter lengths. 

Dressing SilK Waste. The fringes of silk 
are detached from the hooks of the filling engine by 
the aid of hinged boards folding together like the 
covers of a book. The board is brought to the 
circumference of the cylinder, and, by the use of a 
gauge, the silk is gripped between the upper and 
the lower halves so that half the fringe is held and 
half projects and can be combed. These dressers’ 
boards are then lifted into the inframe of the 
dressing frame. They are set upright, with their 
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to a slight angle with their foundation. Th( 
webbing is carried round by the rotation of the 
rollers on which it is stretched ; the inframo is 
gradually raised so that the points of the combs 
engage with the fringes of silk, and in passing they 
carry off tufts of fibre. 

These tufts of fibre are subsccpiently stripped 
either by being nipped between book boards or by 
being caught upon the teeth of a revolving drum. 
After a while the position of the inframe is reversed, 
end for end, so that the fringes are combed in both 
Erections. When the protruding fringe has been 
fully dressed the boards arc opened, and the ends 
which have been hitherto nipped between the 
boards are presented to the comb. The lonj^st 
silk remains, held by the boards, and this is the 
quality spoken of as first drafts. The tufts stripped 
from the combs are dressed upon a second frame, 
and from them are produced the second drafts. 

The process which wo have described in some 
detail is repeated up to six times in all. The 
fifth and sixth drafts are called shorfs, and are not 
suitable for spinning with long material in the 
manner of worsted, but are eligible for spinning 
upon cotton machinery. The residue left after 
ticking out the several drafts is silk noil, a material 
that can be combed upon machmes like those used 
for combing cotton. 


Some three or four ounces of drafts are all that 
are obtained from each pair of boards, and this 
small production requires an amount of manual 
labour which contrasts strongly with the operation 
of combing wool. Fully discharged waste silk 
can be Pressed upon circular frames in which the 
dressers’ boards are locked around the rim of a 
cylinder, and the combing is done by toothed 
rollers. Waste silk, however, is so expensive that 
the gain in time and labour derived from the use 
of more raphb machinery docs not compensate 
for the loss in the yield of longer drafts. Attempts 
to. use wool-combs and cotton-combs for , long- 
fibred silk have failed, because the combing pins 
do not obtain a sufficient purchase upon so smooth 
and soft a fibre. 

Silk Spreading. The drafts have now to be 
converted from their fringe form into a continuous 
sliver, so they aic rolled up carefully in tissue 
paper, and the little parcels of a f(^w ounces each arc 
brought to the spreading machhie. The machine 
is a gill box of the type fully described in connection 
with the worsted process [page 2H47.]. The sjiread- 
ing is done by hand upon the feeding apron of the 
machine by a girl who picks up the fringe silk in 
small and uniform quantities and builds up a 
continuous lap by depositing the pieces of fringe 
so that they overlap to a regular extent. The 
material passes into the gill box, is straightened 
by the action of the travelling steel tc'cth of the 
gill fallers, and on coming out of the delivery 
rollers the lap is wound around a drum. 

It then goes into the sett frame ^ another gill box 
in which the lap is drawn or drafted by the action 
of rollers, and it is delivered from thence in a con- 
tinuous sliver. If the spreading has been properly 
done the sliver shoidd be free from obvious diflier- 
ences of thickness, but many opiuations have to bo 
undergone further to ensure perfection of result 
and to intermix fully the dillerent drafts that are 
used in the particular yarn. »Spun silk yarns of 
tho highest quality arc made out of first or first and 
second drafts only, but in many cases the first, second, 
third, and fourth drafts are all bhmdod together. 

Silk Drawing. T’o secure perfect results the 
silk sliver is passed through a seiies of drawing 
boxes, of which there are normally four. Twelve 
heads of the sliver from the sett frame are put up 
at the first box, and they are drawn d(jwn to a 
single sliver of rather finer size -than any of the 
original twelve. A dozen or so from the first box 
are passed into the second, and again drawn to a 
single and finer dimension ; the operation is 
repeated at the third and at ih.Q finisher box. 

Short silk shows a marked disposition to ride 
over the pins of ordinary gill fallers, so that, in 
dealing with the shorter drafts, an intersectar gill 
box is used. In this machine there are two sets 
of gills intersecting each other, one travelling below 
the silk and one travelling above, with the result 
that a firm grip is maintained. From tho drawing 
boxes tho silk passes to tho roving frame, in which, 
after being gilled and drawn, tho sliver is wound 
iqion largo bobbins by flyer spindles. Tho slabbing 
from the roving frame is tyansferrod to the dandy 
roving frame, and the material from two or throe 
of its bobbins^is reduced to the still finer dimensions 
of a roving, in which state the yam is in a con- 
dition rea<fy for spinning. 

spinning and Gassing. In the silk industry 
the rfjj^g^pinmng frame [page 1555] has largely ousted 
tho fiyer frame which is used mainly for spinning to 
coarse counts. In most cases the spun yarn must 
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bo gassed to singe off the short ends of fibre which 
conceal tho natural lustre of spun silk. The yarn 
is run from one bobbin to another, passing in its 
course through a series of a dozen gas-jets ; and, as 
tho charred fibre needs to bo cleared, the yam is 
carried round a series of bars, and tho burnt fluff 
is removed by friction. Tho charring darkens the 
colour, and accordingly the yam is ordinarily washed, 
an operation that is carried out gently, in order to 
prevent new projections being brought out upon 
the surface. 


Spinning Short Silk. The methods outlined 
are those by which long silk waste is sjmn, chiefly 
for the uses of the weaving tradt? in the rnanufacturo 
of sealskin plushes and stripiiigs, and also for 
knitting, lace-making, sewing, and embroidery. 
The shorts (drafts lower than the fourth) and tho 
combings from silk noils, as well as waste that has 
been chopped into short lengths, are treated upon 
a smaller scale by a separatt^ set of processes, akin 
to those used in spinning cotton. Waste designed 
for use in short spun yam is sorted by hand, and its 
fibres arc laid parallel upon an opening machine. 
The silk is dressed upon dressing frames of tho 
kind already described, but tho dressing is done “in 
the gum,” before tho silk has been discharged, and 
simply in order to remove impurities and vm-y 
short fibres. 

Tho dressed silk is cut l>y a maehinc like a chatT- 
rutter to a length of between one and two inclu's. 
It is put into small bags and boiled, and after being 
dried is placed upon a roller scutching macluno 
and formed into laps. Those la])s niv fed into 
carding machiru^s of tho flat-card typo [page lfl92J 
or into roller cards, and, after being condensed into 
a .sliver, th(‘ carded silk goes forward to tho slubbing, 
intiTmediate, and roving frames. In short, the 
silk is cut to the length of cotton and is treated like 
cotton. Spinning is done cither upon mules or 
upon ring frames. 

The shorts of tho long spinning process and tho 
longer fibres obtained from tho long-spinners’ noils 
are added to ( ut waste, and a ^•hea|K*r yarn is made 
from thi.s sliort material than from the long. Tho 
yarn is less lusirou.s and strong, but it is very even 
and supple, and can bo spun to high numbers. It 
is economically advantageous that these mills for 
the consumption of short silk should exist and 
pi'ovide a market for that which the other spinners 
cannot u.se upon their own machines. 


Noil Yarns. The noils discarded by both 
classes of silk-spinner are used for making coar.ser 
yarns and cloths than those which are usually 
identified with silk. In this country thfty are 
manufactured princnpally by makers of cloths for 
wiping oil from machinery and for ammunition 
bags. Silk has a strong affinity for oil, and is 
hence es])ecially fit for the one pur)) 08 e, and as it 
is non-inflammable it is peculiarly adapted for tho 
other. Occasionally noils arc used for stuffing bods, 
The noils embody impurities such as dried portions 
of the silkworm, pieces of leaf, and occasional foreign 
matter, as well as short and curled fibres. In 
making coarse fabrics, the noils are treated in tho 
same way as woollen material upon woollen cards 
and mules, and tho more select qualities are made 
into finer yams useful for making a silk stripe in 
tweeds, ^he noils arc sometimes blended and 
worked in conjunction with wool, and they are used 
also to make grotesque and fancy yarns with bind- 
ing threads of cotton. 

^ J. A. HUNTER 
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The Modification of Land Formation and Sea-level by 
Volcanic Influences. Chemfcal Action Underground. * 


EARTHQUAKE INFLUENCES 


T he geological effects of earthquakes are chiefly 
of importance beneath the surface of the 
earth’s crust. They give rise to those great breaks 
of continuity in the stratification of rocks which 
arc known as faults [36], and which we consider 
in a later chapter. A fault is a dislocation in 
the rocks where the strata on one side have 
been suddenly raised to a higher level than those 
on the other, and, consequently, they do not 
appear to be continued in their true order. 
A scam of coal may thus appear to come to a 
sudden end, although, as a matter of fact, it can 
be found again by rising to a liigher or descend- 
ing to a lower level on the other side of the fault. 

The existence of dislocations of this nature 
probably indicates that a rnon^'or less destructive 
earthquake once took place at a moment when 
the rocks could no longer resist the pressure 
brought upon them by the upper strata, and 
gave way. Sometimes, also, an earthquake 
gives rise to a permanent change of level in the 
surface of the country ; this is especially of 
importance near the sea-coast. By l ery severe 
earthquakes it occasionally happens that a long 
line of shore may be raised three or four feet 
above its previous level. New land is thus won 
from the sea, or, on the other hand, many square 
mik‘8 may be submerged beneath the surface 
of the water. 

Secular Movements. We are accustomed 
to think that an alteration in the level of the 
land is always due to some violent agency like 
that of an earthquake. But although such 
sudden changes are more picturesque and striking 
than those which go on silently and almost 
imperceptibly throughout the ages, it is to the 
latter that the changes in the conformation of 
the earth’s surface are mainly due. The utmost 
that an earthquake can accomplish is to open a 
chasm in the ground, such as that which was 
filled up by the fablexi devotion of the Roman 
hero, or that which more authentic history tells 
us to have been caused by the earthquake in 
the Neo Valley, in Japan, in 1891. 

But the silent forces which arc ever at work, 
raising the sea- bed here and lowering a whole 
continent there, are of far greater importance 
to the student of geology. If it were not for 
them, indeed, the whole surface of the earth 
would ultimately become a dead level, and 
perhaps be sunk beneath an inundation, in 
comparison with which that which Noah sur- 
vived was a deluge of inconsiderable magnitude. 
The denuding forces which, as we discuss in 
the next chapter, are constantly at work planing 
down and polishing off the sunaccs of the land 
would, in the long course of geological time, 
infallibly produce this result were they not 


counteracted by the slow movements of up- 
heaval and subsidence. 

Upheaval and Subsidence, There are 
countless evidences on every hand to show 
that an actual rise and fall of the earth’s surface 
does take place. We think commonly of the 
sea as fluctuating, rising and falling, overflowing 
the land, and again returning and leaving its 
beaches high and dry. But the truth is that 
the sea, though unstable as water, is really a 
permanent and unchanging thing in comparison 
to the solid land. Ijooking at the history of 
the world with the trained eyes of the geologist, 
which are able to peer through the backward 
ages and read the story written on the rocks, 
we may indeed say with Tennyson : 

There rolls the deep wIktc stood the tree. 

O earth, what changes hast thou seen ! 
There wliere the long street roars, hath been 

The stillness of the central sea. 

The hills art? shadows, and thi'y flow 

From form to form, and nothing stands ; 
They melt like mist, the solid lands, 

Like clouds they shape themselves and go. 

In these beautiful lines Tennyson has ex- 
pressed a far-reaching geological fact. The sea 
and land have changed jdaces again and again 
in the history of the earth. 

When we speak of the secular l isc and fall of 
the sea, as distinguished from the periodical 
tidal changes, what we really mean is that not 
the sea but the land itself fwis sunk below or 
risen above its average level. 

There are two ways, and only two, in which 
the permanent level of the sea may be changed 
— for an actual diminution of the actual bulk 
of its waters is not known to have occurred 
within historical times, and its probability may 
be left out of account. The land which borders 
the sea may be slowly raised, thus bringing more 
and more of the sloping beach out of the water ; 
or the sea- bed may sink, which obviously has 
tho same effect, in causing the sea to retreat 
from tho land. On the other hand, if the dry 
land subsides or if the sea- bed is raised, it is 
clear that in either case the result will be the 
same — an apparent rise in the level of the ^e.a. 

Changes in the Sea-level. There is 
visible to the most casual observer a great deal 
of evidence that tho level of the sea has thus 
been actually changed during comparatively 
recent times. In tho first place, we have the 
fact that the remains of organisms which can 
only live in sea-water are found* as fossils in 
rocks which are at present high above tho level 
of tho sea. Thus in Cuba a coral reef has been 
found at a height of more than 1030 ft. above 
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the sea-level, which clearly shows that the 
land has there been elevated to at least that 
extent. A very striking instance is afforded 
by the pillars of a Roman temple in the Bay of 
Naples. When these pillars were erected, 2000 
years ago, they stood, of course, on dry land. 
They stand on dry land now, but they are 
traversed by holes which were evidently bur- 
rowed by marine creatures at a time when they 
were covered by the sea to a depth of at least 20ft. 
Thus it is evident that since the beginning of 
the Christian era the land at 
that spot has first sunk and 
then risen several yards. 

Puzzling Fossils. One 
of the problems which did 
most to perplex the early 
geologists was the occurrence 
of shells at considerable 
heights above the sea-lcvel. 

The most grotesque hypo- 
theses were put forward to 
account for this. Some held 
that the shells had been deposited there by 
pilgrims who used to wear scallop shells in 
honour of the saints whom they visited ; 
others held that these shells repr<‘sented th(5 
haunts of the primeval oyster-eater ; others took 
refuge in the supposition that tlie shells wore 
not really shells at all, but were liusufi natunje, 
or freaks with which Nature amused herself by 
imitating the j)roducts of the sea. We know 
now that wherever wo see fossils of this kind 
they arc simply a proof that the rock in whi(?h 
they arc found at one time formc^l part of an 
ancient sea-bed. 

Raised Beaches. Another very interesting 
proof of tho gradual elevation of the lane’ is 
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sidcnce of the waters which formed them. As 
we gaze southward from the top of Reigate 
Hill over tho district known as the Weald, it is 
easy to suppose that we are looking from tho 
top of an ancient sea-cliff across what was 
formerly an arm of the English Channel, but 
which the gradual rising of the land has claimed 
for the work of human cultivation [40J. 

Where the Land has Sunk. Proofs 
that the land hjis sunk in some places as well as 
risen in others are not wanting. We do not 
refer to tho mere eating away 
of the land by tho sea, such 
as is occ irring on tho cast 
coast of this country — this is 
due to erosion simply, and is 
dealt with in a subsequent 
chap, er-' - but there are ma y 
places in which the remains 
of primeval forests are found 
submerged beneath the sea. 

The existence of submarine 
coal-mines, such os are found 
off the ast coast of Scotland, where tho workings 
frequently extend far out beneath tho sea, shows 
that the waters now roll over spots which were 
long ago covered with terrestrial vegetation. 

Not infrequently, in boring through the crust 
of the earth, the remains of ancient forests are 
found, overlaid with deposits of sand and mud, 
and mingled with the fovssiled remains of marine 
organisms which were (widcmtJy deposited by 
the sea. In making a new dock at Barry, on the 
Bristol (Channel, clear proof was shown that the 
sea-Ievel there had risen, or, in other words, (lie 
land had sunk, by more than 50 ft. The exist- 
ence of coral reefs [see page 42()J is asserted to 
afford another proof of the gradual subsidence 
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37 . SKCTION BETWEEN WHINLATTER AND MAIDEN MOOR, NEAR KESWICK, SHOWING WRINKLING 

The black lines represent faults 


given by what arc known as raised beaches. 
The sea- beach, or the space between the ex- 
tremes of high and low water, is a very familiar 
and recognisable structure. It consists, as a 
rule, of sand or gravel, with which are mingled 
shells and other remains of marine organisms. 
In many parts of the country these unmistakable 
platforms are nowadays found raised high above 
the level of the sea. In many parts of Scotland, 
and on both sides of the English Channel, these 
raised beaches arc to be seen. Alien Fjord, in 
Norway, is surrounded by a series of raised 
beaches — ^four or five terraces divided by 
intervals of pnany feet, which. mark successive 
levels of the sea during quiescent intervals in 
the motion of the land, which, on the whole, has 
been steadily rising. 

The so-called parallel roads of Glen Roy 
mi are similar lacustrine beaches, which, 
hoivever, owe their existence to. an actual sub- 


of the land. The reef-building coral cannot live 
at a greater depth than about 150 ft. Yet in 
many cases the reefs which they build are found 
to rise out of water very much deeper than they 
could possibly inhabit, so far as we know. The 
obvious explanation of this fact is that the reef- 
builders began their work when the depth of 
water at this spot was not greater than 150 ft. 
As they build upward toward the surface, the 
sea- bed which served them as a base is supposed 
to be slowly subsiding, so that their unwearied 
labour is devoted to keeping their reef built up 
to the level of the sea. Some doubt has been 
thrown upon the universally satisfactory charac- 
ter of this explanation, which we owe to Charles 
Darwin ; but it is practically certain that, in 
some coses, at least, the existence of coral reefs 
rising as sheer pinnacles out of tho deep water of 
the Pacific can only be explained by the gradual 
subsidence of the sea bottom. 
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Living Proofs of Land Movements* 

Other proofs of the gradual subsidence of the 
land are derived from the distribution of living 
plants and animals. Thus, it is fairly obvious 
that our own island must at one time have been 
joined by a strip of land to the continent of 
Europe, because no particular difference is found 
in either flora or fauna as we cross the Channel, 
which, indeed, is only of geologically modem 
origin. Its existence is solely due to the sinking 
of the land and the consequent invasion of the 
sea. Again, the Norwegian fjords and many 
of the Scottish and Irish Sea lochs present all 
the characteristics of river valleys, or glens, 
which the sea only entered long after they had 
been carved out by the running streams. In 
other words, the coast-lines on which such fjords 
and lochs occur have subsided since their forma- 
tion. In many cases, also, the history of 
mankind, brief and 
almost evanescent- 
though it is in com- 
parison with the 
awful length of the 
groat geological 
record, affords proof 
of the subsidemio of 
coast-lines. On the 
coast of 8weden, 

Dal matia,and J apan 
--indeed, on almost 
all civilised shores 
- ancient buildings 
are now found below 
high-water mark. 

Unconformi* 
liea* In not a few 
instances the study 
of the layers, or 
beds, in which the 
stratified rocks arc 
arranged shows that 
elevation or sub- 
sidence of the land 
has taken place. VV^ c 
find, for example, 
that ancient beds, 
laid down by deposit 
from the sea in 
roughly horizontal planes, have thereafter been 
folded, or contorted, by movements of the crust 
[37], which will be explained later. In later ages, 
these folds, or contortions, have again been worn 
down by the erosion due to terrestrial agencies, 
until a comparatively flat surface has been left, 
and upon this flat surface fresh marine def)osits 
have again been laid in . horizontal planes, 
beneath which the older strata are found lying 
at many different angles. 

Where this phenomenon occurs it is known 
as an tincon/ormiit^, and its existence invari- 
ably shows that the land has once formed 
part of an ancient sea- bottom, has then been 
raised above the sea-levol, and subjected to 
atmospherical and similar agencies of denuda- 
tion, and has then once more been submerged 
beneath the sea and coveted by the deposit of 
fresh layers. - . 

2482 



Cause of Secular Barth Movements* 

Having convinced ourselves that the land 
does actually rise and fall through long ages, 
it remains to inquire why this should be the case. 
A little thought will enable us to reach a plausible 
answer, which has the further merit olf being 
exactly true. If the earth were a solid body 
throughout, and uniform in temperature, there 
would be no reason why any part of its surface 
should change its position with regard to the 
rest. The agencies of denudation would be 
allowed to work their way with unchecked 
dominion, and the whole earth would ultimately 
be reduced to one dead level, which the waters 
of the ocean would cover to a depth which was 
practically tho same throughout. But, for- 
tunately for us, the earth is still alive. The fiery 
legacy of the nebula from which it was cooled is 
still potent to preserve it from this threatening 

fate. Tho earth is 
still cooling, and, in 
accordance with the 
law which affects 
practically all cool- 
ing bodies, as it loses 
hemt it shrinks, or 
contracts. But the 
rate of this contrac- 
tion is not uniform. 
The outer layers of 
tho crust remain, 
and have long re- 
mained, at a con- 
stant temperature; 
conseqiicntly, it is 
the inner portion, 
or heated nucleus, 
of tho earth which 
continues to shrink, 
wjiile the solid cnist 
remains firm. 

The Barth in 
Wrinkles. The 
result of this pro- 
cess is exactly the 
same as that which 
I)roducos wrinkles 
on the skin of a 
withered apple or 
central substance, 
as it shrinks, leaves the rind, or skin, or 
crust behind, and tho latter, which sooner or 
later lacks the strength to hold its early 
form, is obliged to ^apt itself to circum- 
stances. This it does in the case of the human 
face or tho apple by wrinkling into folds ; *^and 
exactly the same thing takes place in the crust 
of the earth. The mountain chains and valleys, 
which form a prominent feature of tho earth’s 
surface, were all caused in the first instance 
the gradual folding of the earth’s crust as it 
settl^ down upon the shrinking^ core. This 
process is still going forward, though, of course, 
at a much slower paoe, and with much less 
marked effects th^n in t^e early days of the 
earth when the ’Alps and Audea and Himalayas 
were formed. It is this process of crumpling, 
or folding, in the earth’s crust which is able to 


DISTANT AND CLOSE VIEWS OF THE PARALLEL ROADS, 
GLEN ROY, SCOTLAND 

on the human face. The 
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acoount for the giteater part of the upheavals 
and subsidences which the surface of the earth 
is known to have undergone. It might seem that 
the contraction of the earth is only competent to 
account for subsidence, but a moment’s thought 
will sho'w that such a process of wrinkling, 
or distortion, as we have described will give rise 
to subsidence in one place and to upheaval in 
another [87]. 

Further, other and secondary causes, closely 
allied to the secular cooling of the earth, have 
been invoked to account for the local rising or 
falling of the land. If, for instcance, a portion 
of the underlying crust bo exce.ptionally heated 
by the inti'u.sion of molten rock from below, 
as no doubt happens at the birth of a new 
volcano, it is reasonable to supposi^ that the 
explosion due to this heating may elevate a 
considerable triick of land on the surface. 
Conversely, the contraction of a subterranean 
lake of molten lava, as it cools and hardens, may 


causes-— heat, prc.ssiiro, and solution. As a rule, 
more than one of these causes operates at the 
same time. A rock may bo influenced by heat 
and pressure and the action of water all at the 
same time, or by any two of them. Thus, it 
may be pointed out that marbl(\ which is a 
crystalline limestone, is due to the heating of the 
ordinary calcareous rocks under })ressure. It 
limestone be fiercely heated on the surface of the 
earth, we know that wo shall succeod only in 
driving off its carbonic acid gas, and Jonving 
quicklimo ; but experiment has shown that if it 
be heated under great pressure, the limestone, 
instead of losing its carbonic acid gas, actually 
melts, and if it be allowed to cool slowly it' 
crystallises into marble. lTnd('r the pressure 
of strata many thousands of fo(‘t in tliicknoss 
it is easy to see that tlie high temperatures 
existing at such depths as those may have 
turned limestone into the existing deposits of 
marble. Again, the heat of th(> lower regions 
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cause the ground immediately above it to 
subside — much as on a smaller scale we know 
that the ground often subsides over the workings 
of mines, or the hollow strata from which salt 
has been pumped out in the fonn of brine. Wo 
are still very far from forming a clear and 
perfectly scientific idea of what actually goes on 
in the lower regions of the earth’s cnist. But 
there can be very little doubt that the secular 
movements of the earth’s crust, whether of 
elevation or of subsidence, are intimately con- 
nected With the cooling and consequent shrinkage 
of the earth’s heated interior. 

Chemical Action Underground. The 
Ja»t form' of*hypogene action which* we iiwve 
to consider is that which brings about actual 
changes in the oharaoter or composition of the 
rock» in the groat subterranean laboratory where 
they were originally formed. The effects thus 
•produced are mainly duo to one or more of three 


of the crust, or of vast intrusive masses of lava 
welling up toward the surface, may exercise a 
baking and hardening effect uj)on the sediment- 
ary rock with which they come in contact. 

Subterranean Water. The solvent 
power of water upon rocks is accordingly hi' 
creasetl when the water is heated or contains 
various chemical agents, as is undoubtedly the 
case in the lower regions of the earth’s crust. 
Thus, in certain cases great changes arc produced 
in the structures of rocks by the removal of some 
of their original • constituents, - thi'ough solution 
in water, which carries them away, or by the 
deposit of other' substances which the water had 
dissolved and brought from another part of 
the crust, or by an actual chemical change in 
the minerals composing these rocks. 

The remarkable snake-like rock known as 
serpentine has thus been produced from the 
original olivine. Limestone, which is very 

2483 


QROUP 19— QKOLOQV 


soluble in water, especially in the presence of 
carbonic acid gas, is often found to have been 
replaced entirely by another mineral, such as 
silica, which betrays its origin b^ assuming the 
typical crystalline form of the original rock, like 
what in popular language is called a petrification. 

Effects of Underground Pressure. 
The effect of the pressure of overlying strata 
upon rocks at great depths beneath the crust 
may be very considerable. It may roughly 
bo considered that the pressure thus exerted 
upon a rock is about one ton to the square inch 
for every 1600 feet of superincumbent strata. It 
is difficult to realise what far-reaching and 
tremendous effects such a pressure as exists at a 
depth of 100 miles must have upon the rocks. 
The strata at these depths are ruptured and 
dislocated, or consolidated into extraordinarily 
compact masses. 


in quite a different direction from them, showing 
that they have been produced by pressure acting 
at the ends of the planes of stratification and at 
right angles to them. 

, The phenomena of cleavage are largely due to 
a molecular rearrangement of the minute par- 
ticles of the rock, which all tend to turn their 
longer axis perpendicular to the direction of 
pressure, much as may be observed with dates or 
raisins which have been pressed into a solid lump. 
The fossils which are sometimes found in rocks 
which have undergone cleavage confirm this view 
by showing that they have been greatly distorted 
from their original shape. 

The Making of Coal. One of the most 
important processes carried out in the great 
subterranean laboratory, from a human point of 
view, is the conversion of vegetable substance 
into coal. This takes place, as a rule, when the 



40. WHERE THE SEA ONCE FLOWED — A VIEW FROM REIGATE HILL 


The effect of pressure which we have specially 
to notiee here is to produce the phenomena 
known as cleavage. It has been found by experi- 
ment that such a substance as beeswax, when 
subjected to a severe pressure, develops cleav- 
age planes,” along which it can readily be split 
into a series of thin plates. Many rocks are 
found to have developed similar cleavage planes 
under the severe pressure wliich they have 
undergone at a depth of some miles beneath the 
surface of the earth. Slates, which owe their 
commercial value to the rea^ness with which 
they can be split into thin plates along their 
cleavage pianos, afford an excellent instance [S9]. 
Originally they consisted 'of hardened clay, 
which no doubt presented the ordinary strata, or 
bedding planes, that characterise all sedi- 
mentary rocks. The cleavage planes which have 
been induced by pressure have superseded thew 
planes in the altered strata, and, as a rule, run 
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vegetable substance is exposed to the action of 
water at a temperature and under a pressure 
considerably greater than those which obtain 
at the surface. Under these conditions, the gases 
are gradually driven off from the vegetable 
matter, and the proportion of carbon thus 
increases until, after passing through the various 
stages of peat, lignite, and bituminous co^, it 
ultimately reaches the condition of anthracite, 
or even of graphite, which is almost pure carbon. 

It should here be added that subterranean 
water frequenl^ly contains minerals which serve 
as a cement for the loose grains of sand or gravel 
through which it percolates. Carbonate of lime, 
silica, and some iron oxides are*the principal 
components of these cements, to which a largo 
number of rocks ^ sedimentary origin now owe 
their consistency.^ Conglomerate, or pudding- 
stone, breccia, and various sandstones, afford 
instances of this. W, E. OARttETT FISflER 
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The Scope ot Eoglneering. Its Theory and Practice. 

The Several Departments. Castings and their Patterns. 

ENGINEERS’ WORKSHOP PRACTICE 


T here are few, if any, of the professions or 
manufactures which are so many-rided or 
so exacting in their technical demands as me- 
chanical engineering. The practice of it involves 
so much of science and theory, handicraft and 
machine operation, of general knowledge so 
wide, and specialisation so minute, that a 
successful engineer must never cease to be a 
student and a worker loo. The early years of 
training are in but a slight degree preparatory 
to the work that comes after, the bare founda- 
tion on which the superstructure of life's long 
practice is reared. 

Many Trades in One. A most interest- 
ing feature about an engineering Avorks is that, 
though it comprises an assemblage of various 
kinds of shops, it forms an organic whole. From 
one point of view each department seems to 
stand alone, yet each is actually dejumdont 
upon all the rest, and the work of the manage- 
ment consists largely in keeping things moving 
between departments in order to secure the 
economical iiroduction of the final mechanisms. 
The foundry must not be short of patterns, iior 
the turnery and the machine-shop be kept idly 
waiting for castings and forgings. Every ele- 
mont in a machine, whether it be a massive 
casting or forging, or a little bolt, has to pass 
through more than one set of hands in its 
progress to the mechanism in which it finds 
a home. If error is made in one shoj) it entails 
inevitable trouble in another, and therefore 
engineering practice differs in these respects 
from some other trades where a piece of work 
is begun and finished in one shop only. This 
practice in a typical works involves the following 
departments of activity. 

Design and Drawing. In a well-con- 
ducted works, no piece of mechanism is made 
until its design and dimensions, with all parti- 
culars as to materials and methods of con- 
struction, have been definitely settled and 
embodied in suitable drawings for use in the 
shops. The men who do this work must com- 
bine a knowledge of theory with that of practice, 
for if they are deficient in the latter their design 
will prove either unworkable or unnecessarily 
expensive, an evil which does arise not infre- 
quently. 

The Pattern Shop. The pattern shop and 
foundry are two distinct departments, in which 
the methods and materials have not the least 
resemblance to each other ; yet they are the two 
most intimately related shops of any in the 
works. The first-named would be taken by a 
casual visitor for a. carpenter’s shop ; the 
engineers’ carpenters and pattern-makers, in 
fact, often work together. But beyond the feature 
which both trades have in common, of working 


in Avood, there is no resemblance. The fact 
that the pattern has to be used in the forma- 
tion of a mould for casting into renders its 
construction essentially different from that of 
a mere piece of Aioodwork. A carpenter could 
not make a pattern, simply because he does 
not knoAA' the methods of moulding — knoAvledge 
which the pattern- maker has to possess in 
addition to the technique of the carpenter. 

The Foundry. The Avork done in th<r 
foundry is the making of moulds, and casting, 
or founding, of inotal into the impressions 
produced by the patterns. But the foundrj/ 
is an extremely eomprehonsiA^c term, including 
numerous divisions carried on by different men 
in ditferent builtlings. Iron, brass, and steel 
castings are always kept entirely separate ; so. 
generally, is aluminium. And within each of 
these are many subdivisions under the (dmrge 
of specialists, as green sand moulding, work in 
loam, core making ; or, again, hand Avork and 
machine Avork; Avliile others, yet more minute, 
in Avhich one class and size of casting only is 
done, year in, year out. as engine cylinders, 
pumps, railway chairs, brake blocks, and so on. 

The Smithy. . In the smithy, forged Avork 
alone is produced, but here also by different 
methods, . as at the anvil alone by hand, or 
under poAver. hammers, operated either by steam, 
belt big, Avater, or (compressed air. These corre- 
spond with tAvo great subdivisions, that of the 
anvil smith and the stamper ; the first named 
a craftsman, the second very often a compara- 
tively unskilled man, Avho nevertheless may turn 
out tAventy, forty, fifty times more products than 
the skilled smith Avorking by handicraft alone. 

The Boiler Shop. The boiler- making 
shop and the plating departments are tAvo great 
and important shops, Avhich, though generally 
kept distinct, have much in common, since they 
both use plates of steel and iron, and rolled 
sections of the same materials, in the form of 
angles, channels, tecs, etc. ; and they both 
adopt similar methcxls of union — that of rivets 
and of welds. In some respects, too, their 
methods resemble those of the smithy, hut the 
crafts are always kept distinct, and carried on by 
different sets of men. 

Erecting and Assembling Shops. 

In the erecting and assembling shops the pre- 
pared units arc^ built up into the coinjjletc* 
machine. The difference between them is that 
in the erecting shops much hand Avork is done, 
and none in the other. This, as Ave shall sec, is a 
very important distinction in the economy of 
production. . 

These do not exhaust the departments Avhich 
are found in large representative engineering 
works. Coppersmiths’ and tinme n’s work are 
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present in many— as in locomotive and marine 
shops, in pump makers* and brewers’ engineering 
establishments. Heavy carpentry* is done in 
crane shops, in locomotive shops, and in those 
who do work for civil engineers. Many engi- 
neering firms now make their own electrical 
apparatus for motor driving and for lighting, 
and there is then a wiring department. Painting 
and polishing shops, too, are often a part of the 
equipment of a big factory. 

An important section is the testing depart- 
ment, which may include testing of raw 
materials as well as of finished products. Every 
motor, machine, and the mechanisms made to 
specifications must be subjected to tests of some 
kind, and the nature of these, of course, varies 
much with the character of the work — that for 
a steam boiler, for example, being of a very 
different kind from that of a machine or a bridge. 

CASTINGS G THEIR PATTERNS 

Tt is intended in this section to consider the 
work of the pattern-maker and moulder together 
instead of approaching them as isolated trades. 
The pattern is regarded from the point of view 
of its mould, as the means by which the casting 
is obtained, for the pattern is temporary, the 
casting permanent ; only in this way can correct 
views be 'fathered. 

If we except the very small proportion of 
moulds made in plaster, ai;d in metal (in iron 
moulds), all founders’ work is prepared in sand — 
loose, powdery, friable — the poorest material, 
apparently, to withstand the inrush of molten 
metal, the high specific gravity of which is only 
disguised by its molten, fluid condition, for 
liquid iron is seven times heavier than water. 
And yet this sand will endure either the invasion 
of tons upon tons of molten iron or steel, or the 
few pounds of brass melted in a crucible. It is 
in the preparation, manipulation, and support 
afforded to the sand that the secret lies. 

Moulding Material. Little difiiculty need 
be experienced in understanding why the founder 
must employ this material in preparing his 
moulds. Think of almost any substance but 
sand, and the necessary condit ions will be absent. 
The material must be obviously non-inflam- 
mable, which condition excludes wood or wax. 
It must be capable of l>eing moulded into a 
thousand diverse forms, which excludes rigid 
metals — except for chill moulding, to be noticed 
presently. It must be very porous, to permit of 
the escape of gases generated during casting. It 
must cohere firmly, and not be acted on chem- 
ically bv molten metal in such a way that the 
essential properties just noted should changed. 
Lastly, it must be very abundant in nature, and 
cheap. Sand is the only substance which fulflls 
the whole of these conditions, which explains why 
all moulding and casting, with some very slight 
exceptions, is done in this substance. 

. The Moulding Box. But, though there is 
considerable coherence in sand when moistened 
with water, that alone is not sufScient to sustain 
the materials in moulds without extraneous aids. 
Hence we have the moulding-boxes, or flasks, 
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within which the sand is rammed, and retained 
during making and casting. The difierencee in 
these boxes will be illustrated in another part of 
this course. Nor is the support of the boxes 
alone sufficient in all cases, since in most moulds 
there are many very weak sections or tongues of 
sand that are neither self-sustaining nor strong 
enough to withstand the rush and pressure of 
metal. Such weak portions have to be stiffened 
by the adventitious aids of “ lifters ” or “ gag- 
gers,” rods, and nails — the internal skeletons, 
as the moulding- boxes fulfil the function of 
external skeletons. 

When we go a stage further, and attempt to 
construct actual moulds, the discovery is soon 
made that ail sands are not alike, and that there 
arc certain properties that must be possessed by 
different sands, and mixtures of the same, for 
different classes of work, which are designated 
by various terms that denote their charac- 
teristics. Highly siliceous, heat-resisting sands 
occur in many districts, and to these are added 
coal-dust, or, in some cases, horse manure, in 
the following manner. 

Moulders designate sanrl as strong or weak — 
terms which distinguish respectively the material 
of greater from that of lesser resistance. Within 
t hese extremes there are numerous grades of each. 
Horse manure enters into the composition of 
all strong sands, ill-digested hay affording a 
good binding material, which also, when burnt 
out by the heat of the molten metal, assists in 
the venting of the sand. Strong, close, heavy, 
clayey sand has the disadvantage of being less 
porous than the weaker sands, and therefore it 
requires more venting, both wuth the vent wire 
and horse manure, than the other. 

At these extremes the components of sand 
mixtures are composed of clayey sands, and of 
fine, sharp sands. The first are ’often of a yellow 
colour, the second red. 

A Practical Test. A practical tost of the 
difference in quality is to squeeze a handful. If 
it retains the shape imparted, it is suitable for 
general moulding ; if too heavy, and decidedly 
clayey, it should have a finer sand mixed with it ; 
if it falls to pieces on the removal of the fingers, 
it is too open, and needs to have a stiffer clayey 
sand mixed with it. 

Actually, in foundries only a small proportion 
of new sand is used in moulds, the old or black 
sand *’ on the floor forming the largest body of 
the mould, or box filling, and the new sand being 
mixed for farcing the moulds only, to a thickn^^s 
varying from an inch to tw^o or three inches. 
The stronger the sand is required, the less old 
sand can be used for intermixing. 

Strong clayey sand requires another ingre- 
dient — coal dust — in largo proportions, to 
counteract its closeness of texture and render 
it better able to permit of the discharge of the 
gases generated by casting. This has the effect 
of rendering the mould more open, because, 
being burnt out at the time of casting, it leaves 
the sand to.that extent porous. 

The stronger sands ore used in. those classes 
of work where the mould is subject to great 
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pressure of metal, and to prolonged heat ; the 
weaker for the light oasts, where there is little 
pressure and little mass, so that the process 
of cooling takes place quickly. 

Kinds of Sand. The difference between 
green sand and dried sand corresponds to a certain 
extent with the weak and strong sands respec- 
tively. But many green-sand moulds are mode 
in strong sand, though no dried moulds can Ije 
made with weak sand. “ Green sand denotes 
any mixture, weak or strong, that is wof dried : 
“ dried sand ” is a particular mixture of strong 
sand, containing old and new sand, horse manure, 
ground loam, and moistened with clay water. 

Cores are the internal parts of moulds. They 
are made of various kinds of sands, similarly to 
moulds, ranging thus from fine red or yellow 
sands to mixtures of dried sands, loam, and 
horse manure, with other sands. But core sand 
denotes a strong sand, which has to be dried. 

Whether sands are weak or strong, green or 
dried, it is essential that they shall be able to 
resist the pressure of metal without distortion or 
Fracture, and that they shall offer no obstacle to 
the escape of the gas generated by casting. Wo 
now propose to discuss the method of ramming 
and supporting the sand. 

But iirst a reference is necessary to the other 
materials of moulds just mentioned. These, a 
very small class, may Ije briefly disposed of. 

Idastor of Paris is used for a few small moulds 
in the jewellery trades, and occasionally for small 
brass work. Its advantage is that several casts 
can be made from one matrix. But it is limited 
to such cases, and has no place in the general 
engineer’s foundry. 

Chill or chilled moulds arc used in cases where 
special hardness is required on the surface only 
of a easting, all the casting body remaining soft. 
Its utilities are confined to a few' art iclcs, such as 
some trolley wheels, chilled ou the “ tread,” or 
peripheiy ; rolls for working on iron and steel 
plates ; ploughshares hardened at the points 
and on one face ; some machine slides, and 
the bores of some axle boxes. The chilling is 
accomplished by pouring the metal against a 
cold iron “ chill,” which produces a steely face. 
£xcei)ting on the face thus chilled, all the 
remainder is ordinary metal cast in sand. 

Ramming. We come to the methods of 
ramming. In all moulds, except some which 
are very shallow, ramming is essential to the 
proper consolidation of the sand around the 
patterns. These exceptions occur chiefly in such 
work as making foundry lifters or gaggors, some 
rough and shafiow kinds of fire-bars, etc. But 
in all ordinary work, whether doej) or shallow, 
the sand must be rammed round the pattern. 

Another fact is that no mould can be produced 
which will fulfil the conditions just named unless 
the whole of the sand is thus rammed in detail. 
It is not sufficient to throw in the whole boxful 
of sand, trample it down, flat-ram^ and strickle 
it off. Bit by bit every inch of the sand must 
be consolidated with the rammers, and the 
nearer to the pattern it lies, and the more 
slender its projecting portions, the greater must 
be the care exercised in ramming it. All ram* 


ming must begin in corners, around flanges, 
bos.ses, prints, before the main body of the saml 
is filled in. The flat rammer is not used in doing 
this work, but the ” pegging ” rammers, two 
forms of which are shown in 1 and 2, or else 
— as is often the case in very small moulds — 
a bit . of round rod Jin. or .Jin. diameter, is 
employed to press homo the sand. Only as much 
sand i.s throw'ii in as can be rammed pro])erly. 
It may be a handful only, or a few shovelfuls, 
deiHJiiding on the mould. 

The Force of Ramming. Little by 
little the sand w'hich lies immediately next 
the ])attern is rammed thus in detail, using 
facing sand first, taking care not to bruise the 
pattern by allowing the rammer to come in 
contact w'ith it. As the work proceeds, the 
facing is backed u]) by the old sand from the lloor 
for box filling. This is also rammed in detail, 
but so much care is not necessary here as in 
working (he facing sand. It has simply to afford 
backing, or sup])ort, to the sand that is next the 
pattern. In very small moulds no snch distinc- 
tion need be made, but one kind of sand would 
be usf‘d throughout . 

When the box part is tilled up to the height of. 
say, an inch above the joint face, the flat rammer 
[3] is employed to finish the wdiole to an equal 
eonsislence on the top, and the strickle and 
trowel l<‘vel tlie joint face. 

The force which is put into larnming varies. 
Taking extremes, light, soft ramming results in 
castings covered with lumps, the imperfectly 
rammed sand yielding locally to the pressure 
of the metal. On the other hand, heavy, hard 
ramming is ))roductive of “ scabbing,” the sand 
flaking off owing to the bubbling of the mental 
against a surface too hard to permit of the com- 
plete escape of gases. But these results can hc^ 
and are modified by the nature of the sand 
mixtures ust^d, by the extent of the venting done, 
and by the location of the rammed part. Thus, a 
well-dried mould will endure without risk hard 
ramming that could not be put into a damp 
mould. And the more moisture there is in a 
mould, the more risk there is of swelling, or 
scabbing, occurring through light or hard ram- 
ming respectively. This is the reason why many 
green sand masses are “ skin-dried ” only on the 
outside. Again, much harder ramming can bo 
done if the vent wire is freely used than if it is 
sparingly employed. 

The location of the rammed part is of groat 
importance in determining the degree of hard- 
ness or softness of the ramming. The bottom 
and the top of a mould are those which are 
subject to greater pressure and most liable 
to scab. These should be rammed harder than 
the sides, and vented most. Frequently, in fact, 
a stronger sand is used for the top than for the 
sides. Sometimes the top is dried, while the sides 
are green. Sometimes loam cake i.s rammed in 
those portions of the bottom of a deep mould 
against which the metal beats or falls during the- 
pouring. 

Venting. The term verUing signifies piercing 
the sand, during intervals of ramming, with in- 
numerable fine holes, produced by a vent wire [ 4 ], 

2487 



QROUP 20— MCCHANIOAL KNQINMRIMO 

ranging from one-sixteenth to a quarter of an 
inch in diameter. Through these vent-holes the 
gases escape at the time of casting and imme- 
diately following thereon. The vents, therefore, 
act as safety valves to moulds which would 
otherwise become blown up, broken, and 
damaged, which happens in some degree when 
the venting is insufficient. A, in 4 , is a 
strip of wood held down on the mould joint to 
prevent the sand from becoming pulled up on 
the withdrawal of the vent wire, B. 

Many sections of the sand require support, 
as previousfy mentioned, other than that due to 
liie consistenev of the moistened and rammed 
material. Nails, rods, and lifters are the means 
employed. It is not enough to lay these in the 
mould ; they must have something to take hold 
of or be supported on — as lifters hung from the 
bars of boxes, and rods and nailsA/hich overhang, 
receiving their support in the main body of the 
sand. Such adjuncts are carried in any direction 
where they are wanted in moulds, and, being 
dipped in clay water, the sand sticks around 
them, and is held in place. Those w ill be illus- 
trated in another section, dealing with the 
divisions of the moulder’ .s work. 

Difficulties. Having thus dealt with the 
general methods of ramming, we must now 
regard the subject from another point of view*. 
Various ca.stings and patterns are shown in the 
illustrations which are given in this section, 
with the methods of dealing with them in order 
to obtain moulds of the same shapes. Obviously, 
though it is easy to enclose the pattern.*j in sand, 
pro}>orly rammed, it is necessary to know how^ 
to get them out again w ithout damage to the 
mould. This is a wide problem, often puzzling 
even to men in the trade when intricate w^ork is 
involved. Of course, the examples given hero 
are not difficult ; they are selected as repre- 
f:ontative of leading principles. 

The difficulties of the engineer’s pu[)il or 
apprentice in deciding upon the form of mould 
required for the infinite varieties of eastings are 
of a different character from those which exist 
in the actual work of the machine shop, or 
smithy, or boiler shop. They involve the pro- 
duction of forms which exist first only on 
drawings, more or less intricate, and which have 
to be made by methods that often permit of 
several alternatives, all practical, perhaps, but 
not all economical, or mechanically desirable. 

Often the pupil or apprentice will sec that very 
slight and apparently unimportant variations in 
form involve a different method of making ; that 
different men will arrive at the same result by 
the adoption of dissimilar methods ; and some- 
times it happens that, after a pattern has been 
made to mould in one particular w'ay, the 
moulder will get it altered to mould in another 

All these are puzzles to the beginner, and they 
serve to encircle the foundry craft with an air of 
mystciy. It is not so difficult when a man has 
grasped the principles thoroughly, and had some 
experience, to settle a suijRabie method of making 
any mould whatever, even though he has never 
seen anything precisely like it before. 


Fig. 5 is the simplest thi^ possible, a plain 
w^asher plate. Its pattern is seen in 6. This 
is moulded with the flat face uppermost, in a 
lane with the joint a-a of the top and bottom 
oxes [7]. The reason is that, if moulded with 
the bevelled edges uppermost, the moulder*s 
sand joint would occupy more time in making. 
The hole is formed with a separate dried core, h 
inserted in the impression made by the print h 
in 6, because it is easier to core cleanly than to 
allow the sand to deliver from a hole in the 
pattern. But if so delivered, which is often 
done, about one-eighth of an inch of “ taper ” 
would have to be imparted to the sides, and then 
the hole could not bo cast parallel. The upper 
part of 7 shows how the opened mould appears 
in plan, with the core inserted, ready to be 
covered with the top box of the mould. 

Crane Base. Fig. 8 gives views of a baseplate 
for a wharf crane. In plan it has the shape of a 
cross. It is moulded with the vertical ribbing 
dow'nwards, because less damage is inflicted on a 
mould by withdrawing the pattern out of the 
sand than there w'ould bo if, the ribs being 
uppermost, the sand were pulled up away 
from them. This is a very important practical 
detail, and it explains why, w hen deep ribs must 
for various retisons come sometimes in the top, 
they are left loosely attached to the pattern. 
Then they remain embedded in the saiid of the 
top box, while the latter is being lifted, and 
when it has been turned over the ribs arc 
]nilled out just as they would be from the 
bottom portion of a mould. 

The holes for the central post, and for the 
foundation bolts, a a a a [8], are cored, for 
self -deli very would be impracticable. Fig. 9 
shows the pattern in plan, looking on the ribbed 
face, w ith the core prints lettered similarly to the 
holes in 8. Fig. 10 is a cross seel ion through the 
pattern just delivered from its mould below, and 
11, upper figure, is the open mould — i.e., not 
covered with its top box, the jointing of which is 
in the piano 6-6, 11, lower ligure ; and both show- 
ing the cores in place, lettered similarly to the 
holes and core prints in the figures preceding. 

The bracket casting showm in side view fl2] 
is moulded with the rib lowermost for the reason 
just given, and the sand joint o-a between 
top and bottom box follows the top face of tho 
})attem. The holes for tho shaft and tho.:e 
for the bolts are cored. There are two 
alternatives. In one the bracket would 
mould as it lies in the drawing, the rib lying 
horizontally; in the other, the rib would oome 
in the top box. Either would give rather more 
trouble than the method we illustrate. Fig. 13 
shows the pattern construction, with its prints ; 
14, a section through the cored-up mould. 
Prints and Corea. The tumbler bracket [16] 
must mould with its two arms [compare with 17] 
in the same horizontal plane, and properly With 
the deeper boss lowermost as shown, for the 
reasons just now mentioned in speaking of ribs. 
There is then no chance for the shah-bearings, A, 
to deliver, and therefore they are cored out. The 
prints and cores are indioatM in the pattern and 
mould [16 and 17] respectively. A point to note 
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is that the print A is made sufficiently wide 
to afford support to the coro» without the sup- 
plementary aids of chaplet nails. The joint 
between the top and bottom boxes runs along 
the edges a-a, which extend from the top of the 
print around the upper edges of the pattern 
absolutely. 

The pawl [18], in which a similar slmft hole, 
A, occurs, is not cored, because it will deliver 
its own sand. And it is a matter of indifference 
whether it moulds with the joint at a-a [18] 
or quarter round in the plane of the paqier. 
The irregular jointing between top and bottom 
necessary in each case is about equal in amount. 
The only difference made is that in one case 
the core for the fulcrum hole, 6, is put in a 
round print impression, and in the other in 
the impression of “ pocket ” or “ drop prints,” 
to which we shall come presently. Generally, 
this slight difference would result in a decision 
in favour of the former method, because the 
simpler of the two. Fig. 19 shows the mould 
made by the former method, with top and 
bottom separated ready for closing, tt illustrates 
how the sand must follow those outlines of 
the pattern which will affortl free delivery. 


Points at Issue. There are some funda- 
mental points which may be disposed of briefly 
here. First, with regard to the method of pro- 
ducing these moulds. The details of making 
them are not illustrated yet, but only the 
relations of the moulds to their patterns, and 
W'ithout reference to their frames or moulding- 
boxes. In speaking of ramming, we remark^ 
the necessity, of operating 
in detail. Now, you cannot 
do that properly under- 
neath a pattern, with a 
flat area, as, say, 6, 9, or 
13. Such patterns are 
therefore moulded by tvrn- 
ing over, which is the first 
broad division in the 
moulder’s w'ork. That is, 
the face which is finally 
lowermost in the mould is 
at first uppermost, and is 




.;7 

( 

\ 




rammed thus directly, and afterwards turned 
over, when the actual upper face is rammed. 
And this helps to explain why the position of a 
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casting in the mechanism of w'hich it forms 
a part does not concern the moulder in the 
least. He simply regards it from the point 
of view of how best to ram and pour it. But 
when, as often happens, moulds of large dimen- 
sions have to be made without turning over, 

18. PAWL CASTING 
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then the ramming is a tedious process, because 
the pattern has to be taken out from time to 
time to permit of getting at the sand beneath 
properly. Fig. 4 is an example of a pattern 
that would be more easily rammed underneath 
than 9 or 13. 

Joints and the Moulding. Further, we 
see. that while the joints between the top and 
the bottom of the mould are sometimes plane, as 
in 7 and 11, in others they have to follow non- 
plane outlines, as in 14, 17, and 19. It docs not 
follow that the joints of the moulding- boxes must 
be non-plane. They are only so in a few very 
special cases. The irregular sand joints are 
sleeked within boxes that have flat joints. 

A^ the joints of the top and bottom moulds 
have to he separated before patterns can be 
withdrawn, a separation must bo made in the 
sand of the top and bottom. This is done by 
strewing a thin layer of another kind of sand 
between, termed parting sand. This is sand 
which has been burnt, being red sand baked 
in the core stove, or the scrapings from castings. 
In each case no moisture is present, and so the 
sand does not stick to the rest with which it comes 
into contact, but parts the two mould sections. 

The Use of Simple Core Prints. 
Looking at the functions of the very simple 
core prints shown, the question arises : why 
would not holes cut in the patterns deliver from 
the sand as well as the exterior edges, say, of 
their bosses ? It is a natural question, and the 
reason is apparent only on experience oL.the 
work of moulding. Take, say, the lar^e boss core 
in 17, and suppose a hole to be cut m the boss 
to deliver its own core. During the loosening 
of the pattern by “ rapping,” preparatory to 
• delivery, that small cylinder of sand would’ 
become cracked, and on the lifting of the 
pattern would be torn to pieces. The sand 
without the boss does not tear up, because the 
rapping s(][ueezes it back slightly into the good , 
sand backing around it. It is therefore necessary 
to make an impression (print) for small holes, 
and insert bard, dried cores subsequently. 

JOSEPH G. HORNER 
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Spanish : Reflective Verbs. German : Interrogative Pronouns, 
the Prepositions and Verb. French: the Indefinite Pronouns. 

SPANISH ‘ By Jos€ Plft C&rceles, B.A. 


Reflective Verbs. A verb is called reflec- 
tive when its object is a person or thing identic il 
with the subject — yo me lavo, I wash myself. 

The reflective personal pronouns “myself,” 
“thyself,” “ himself,” “herself,” and “ yourself ” 
are rendered by me, <e, se; and“ ourselves,” 
“yourselves, “yourselves” (fam. form.), and 
“themselves ” are respectively translated by wos, 
m, os, and se. 

The position of those reflective forms with 
regard to their verb is the same as that of the 
conjunctive personal pronouns. [See page 1972.1 

Not all verbs which are reflective in Spanish 
must be assumed to bo so in Knglish. The in- 
finitive of a reflective verb may be easily recog- 
nised. because it is invariably composed of the 
usual form of the infinitive and the termination 
se (oneself). — esconderse, to hide oneself. The final 
s or d of the first and second persons plural of the 
affirmative imperative is dropped in all reflective 
verbs. — esconddmonos, let us hide oui*sclvcs ; 
escondeos, hide yourselves. 

Conjugation of Reflective Verbs. 
Levantarse, “ to get up,” may be taken as a model 
for reflective verbs, which, it must be noted, arc 
exceedingly common in Spanish. 

Present Indicative of Levantarse 
Singular Plural 

me le anto, l get up rm levanlamos, we get up 
ie levanlas os levantais 

se levant t se levatiUin ^ 

Imperfect 

no me levantaha, I used not to get up 
no se levantaha, he mod not to get up 
no nos levantdharnos, we used not to get up 
Past Definite 

se levanto, he got up nos leoanfatnos, wo got up 
se levantaron, they got up 
Future 

no me levantarc, I shall not get up 
no te levantdrds, thou shalt not get up 
no os levantareis, you will not get up 
Conditional 

se levantaria, he should get up 
nos levarikiriamos, wo should get up 
^ se levantarian, they should get up 
Imperative 
levdntate, get up 
levdntese Vd, get up 
levanletnonoSfiGi us got up 
no se levanten Vds, do not get up 
Exercise XXXIII 

to bo like parecerse d to sit down sentarse 

to be glad ale^rarse to alight bajarse 

to go to bed acostarse to wake up despertarse 

to get angry enjadarae to swim nodor 

togettii^d cansavse to laugh reirse 

to retire retirdrse to refuse 
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to bathe hanarse to lodge ahjarse 

to move mudarse to walk andar 

to know how saber the demand lademanda 
to hope esperar increase aumenio 

until ' hasta the seaside la playa 

during durante the village la aldea 

to make up one’s mind decidirse 
to take advantage aprovecJuirsc 

to establish oneself eslablecersi 

to make a mistake equivoearse 

to raise the [n ice subir el precio 

to enjoy oneself diver Ur se 

to trouble oneself molest arse 

to get married t o casarse con 

to catch a cold resfriarse 

to praise oneself alaharse 

to say good-bye despedirse 

to wash oneself Unnrse 

the daughter la hija 

the royal palaee elpalacio real 

the central market el mercado central 

1. He was glad to (trans. de) st»c me. 2. T 
hope (that) you will enjoy yourselves. .3. Tiiey 
went to bed so late because they had to wait 
for their father. 4. We did nut sit down during 
the whole evening, It would be so easy to 
make a mistake. 0. Do not trouble yours(;lf. 
7. The cashier gets very ^trans. mucho) angry 
when we make a mista’u» . 8. Alight in front of 

the Royal I’alaet. 9. They will soon get tired 
if they walk so quickly. 10. We used not to 
wake up until half-past seven, 11. Do you think 
he will retire from (the) business next year ? 
12. I think lu^ will retire if his daughter gets 
inarrH‘d to h’s partner. 13. Make up yo\ir mind. 
14. 1 caught a cold at the seaside. 15. Did you 
bathe ? 16. No; I do not know how {no se) to 
swim. 17. We should establish ourselves near 
the central market. 18. They took advantage 
of the great increase in the demand to raise? their 
(trans. tos) prices. 19. She used to praise her- 
self too much. 20. I had to say good bye to 
(trans. de) all my friends. 21 . They would laugh. 
22. We r(?fuse to accept their terms. 21). Where 
can I {puedo) wash myself ? 24. He is like a 
friend of mine. 25. The soldiers were lodged in 
tho houses of the village. 20. We moved to this 
house a few (ahjunos) days afterwards. 

When a reflective verb used in tho plural 
refers to two or more persons separately it is 
called reciprocal, and the reflective pronoun se 
must be translated into English by “ each other 
if only two persons are meant, and by “ one 
atiother” when the subjects of the v.rb are 
several. — se comprenden, they understand each 
other ; se ayudan, they help one another. 

As sometimes the meaning of tho sentence 
may be doubtful, it is usual in such cases to 
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make it cloarer by some addition. — se comcen d 
si misrnos, they know themselves ; se conocen el 
uno al otroy or mutuamente, they know each other ; 
se conocen los unos d los otroSy they know one 
another. 

Verbs expressing? a state of transition are very 
frequently reflective in Spanish. Thus, to be- 
come, convertirse ; to fall asleep, dormirse. 
Sometimes the reflective form is used to denote 
a modifleation of the idea expressed by the 
original verb. — ahonaVy to pay ; ubonarse, to 
subscribe. 

Impersonal Sentences. Many imper- 
sonal sentences which in English are constructed 
in the passive voice, or with the aid of words 
like “ people,” ” they,” used in a general 
sense, must be rendered into Spanish by the 
reflective form of the verb. — se dechy it was said, 
people said ; se dun leccinneSy lessons given. 

Exercise XXXIV 

to comment cowic/ifar to omit suprimir 
to admit admitir to serve servir 

to request supUcar to apply soUcitar 

to prohibit prohibir to issue despachar 

to let alquilur to make hacer 

,todo hacer to re[)air eomponer 

iotSiVieimotardarlienipohy land par tierra 

to continue continuar by sea por mar 

jjage pdxjimi silence sUencio 

yearly ai an) dog perro 

rent alquiler the n'siilt el resullado 

ballot votacion to measure d medida 

site solar vow^el vocal 

suit traje to want necesilar 

nowadays en la, actunlidxid 

public w'orks obras pnhlicas 

second hand de segunda mano 

everywhere en todas paries 

on horseback d cabal lo 

how long? ^emnto iiempo? 

furnished flat piso amaeblado 

shorthand writer Uigulgra/o 

to collect (cash) cuhrar 

1. It is believed that they are more than ten. 

2. People commented (on) the n(!ws. 3. Second- 
hand books bought, sold, and exchanged. 4. Is 
English spoken there ? 5. 1 do not think so, 
but French is spoken everywhere. (5. No dog 
admitted. 7. Silence requested. 8. People travel 

GERMAN By 

Interrogative Pronouns 

XXXIX. The Interrogative Pronouns 
are : (a) wer ? who ? (6) ivae ? wlmt ? (c) U'elcber (wi.), 
(/.), (».)? which ? and (d) Mwd fur 

fin (m. and ».), fine (/.)? what sort of? 2Bec 
and are used substtintively ; the former 
applied to persons, the latter to objects. The 
declension of (a), (6), (o) is set out in the table 
on the next page. 

Examples: (a) QBcv frai^t ? Who is asking? 
(h) fa^fl bu ? What do you say ? 

1. 5Bel(^er, wddjfy is always either 

directly connected with, or used with reference 
to, a substantive; it has the character of an 
attributive adjective and is declined like one 
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more nowadays. 9. The journey was then done 
on horseback. It took (imp.) twenty or thirty 
days 10 How long does it take (^e tarda) from 
hero to Barcelona? 11. It takes one day and 
a half by land and seven or (u) eight days by sea. 
12. Money lent. 13. The result of the ballot is 
not yet known. 14. Sold everjrwhere. 15. Two 
millions are yearly spent in public works. 16. 
It will be continued next week. 17. Spanish 
shorthand writer wanted. 18. Smoking (trans. 
fmnar) prohibited. 19. Is foreign money ex- 
changed in the hotel? 20. I think so. 21. 
Furnished flat to let (5C alquila), 22. How is 
this word pronounced ? 23. The last vowel is 
omitted. 24. That site is sold at (a) low price. 
25. At what time will dinner be served ? 26. 
At seven o’cloc'; sharp. 27. Tickets issued hero. 
28. Rents collected. 29. Suits made to measure. 
30. Trunks repaired. 31 . See (vease la) page one 
hundred and six. 32. Apply (solicitese) by letter. 
33. Ask for (pidase la) price list. 

Key to Exercise XXXT 
1. I Lo venderia Vd. a ese precio ? 2. No, 
St ria un fracaso. 3. i Qu6 me aconsejaria Vd. ? 
4. Yo sc lo explicaria otra vez. 5. Los con- 
signatarios no pagarian cl exceso de ningun 
modo. 6. I Creo Vd. quo scria mds barato 
enviar los gencros por barcos do vela ? 7. 

Tendriamos que nombrar agentes en varios 
puertos. 8. No seria mejor esperar ? 9. 
E.SO implicaria mayores gastos. 

Key to Exercise XXXII 
1. i Cuanlas circulares impresas envio Vd. poi 
correo ? 2. No ho enviado ninguna hoy. 3. 
I Ha estado alguien aqui esta raanana ? 4. 
No, senor; no ha venido nadie. 6. Gastaba 
demasiado dinoro. 6. Eye banco tiene do- 
masiadas sucursales en Colombia. 7. Haga el 
favor do darmc m6,s leche. 8. i Desea Vd. algo ? 
9. No ; no deseo nada. 10. Venden periodi- 
cos alemanes ? 11. Creo que si. 12. i Dondc 

compro Vd. esos paiiuelos ? 13. Compr<^» todas 

las cosas en la misma tienda. 14. Cada casa 
tiene un jardin pequeno & la espalda. 15. Todos 
los trenes paran en la frontera. 16. Me ha dado 
algo. 17. Encontramos A algunos amigos cn el 
teatro. 18. El otro sill6n cs mAs c6modo. 19. 
Recibimos muy pocos pedidos de Escocia. 20. 
Ambos son de la misma opinidn. 

Continued 

P. G. Konody and Dr. Osten 

[see XXVI.] When used as an exclamation, it 
takes the shortened and indeclinable ^orm 

f t d; , similar to the demonstrative pronoun 
foicl()er, feidi, and ntanci^fr (many a), manc^ fin. In 
this case it is either followed by the substantive 
with or without an adjective, or by the indefi- 
nite article— for instance : ircl^ fd^cner %a^, what 
fa] beautiful day ; irfld) fd^onc i^anbfe^aft what [a] 
beautiful landscape ; or, with inserted indefinite 
article: ein fd^ciift fine 

i^anbfd^aft. 

2* The indefinite article can never precede the 
interrogative pronoun ivcl^er, whilst it may 
precede the demonstrative c : fin folc^er Xag ! 
such a day, but fin ! what a day. 
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f weld;cr 'i 


nom. 

mt 

ivad 

4 Wftete . [ 
[ weld)ed J 

welc^e 

gen. 

njcffen 

(»f^ *) 

treffeu 

(wed) 

f welched (en) ^ 
4 welder 
(weld;cd(cn) 

Wefd^er 

dal. 

mm 

— 

f we(d;em 'j 

4 weld)er 1 

wcldjem J 

welci^en 

acc. 

ircn 
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♦ Used io proverbs, etc. : Seei uod ijl, 

^c[)t ber 9)iuub fiber, Of what the heart is full, 
the mouth overflows. 


3. ffir? What sort of ? which ? cannot be 

declined, and is used in direct connection with 
substantives denoting materials and abstract ideas 
— for instance : fur ? What sort of wine ? 

fur Ollaiibe ? which creed ? In all otlier cases 
the indefinite article is inserted : fur ein ^ut 

tft ba^ ? what sort of hat is that ? The indefinite 
article is of course declinable. Without sub- 
stantive \\\\& fur cin ? takes the lengthened form 
UHia fur einer (m.) 't unnS fur eine (/. ) ? u?a^ fur eine^ (w. )? 
and is used substantively. (Sin having no plural, 
the plural of ivaij fur ein is expressed by fur 
U'cld^e? 

4. If the interrogative pronoun U'ai3 ? (what ?) 
is used with the prepositions an, auf, fiber, narf», 

etc. [see XXV .], it is replaced by the adverb 
ir 0 , contracted with the prepositions (werau '( 
U'crauf ? U'crfibcr? U'cnat^ ? iropi etc.), the latter 
being placed at the end. For the sake of 
euphony an r is inserted between two vowels. 
It is not usual to say : 9ln iraei bcufen *8ie? What 
are you thinking of? but: 'ill c van beufen ^ie? 
nor: ,3u n*au bieiif biefn^ iHab? AV hat purpose 
does this wheel serve ? but : ill' oju bient biefeiS 
i'lab ? 

Prepositions 

XL. The following is a complete list of the 
German prepositions arranged according to the 
cases ruled by them : 

PjBEPosmoNs Governing the Gkxitive 
anftah' (or jlatt), urn . . . unKcn, for the 

instead of sake of 

au'Jer^alb, outside of, un'bcfdiabct, without 
(without) prejudice to 

this side of un'i^eadUet, despite, 

l;alber (or l^alben *), although 

on behalf of un'trrl^alb, beneath, 

jen'feitd, that side of below 

lu'ner^faCb, within un'weit (or unfernf)# 

fraff, oy power* of not far from 

(attfld t> «dong tjcvmb'^ej in virtue of, 

laut, according to by means of 

* Is (Uways preceded by the substantive : bf# 
lieben Srlebend tjalber, for the sake of [dear] peace, 
f Also u^ed with the dative. 


bevmit'tflfl (or initte(i5), tral/renb, whilst, during 
^ by means of n»ei^cu ♦, on account of 

o'ber bait, above jufclgcf, according to, 

trob tf iJ^ spite of in consequence of 

Prepositions Governing the Dative 

autS out of, from itad;fl (ptnaci^(l'), 

au§fr, except next to 

bft, near, about, with iicb|l,with, together wdth 

binnen, within ob§, on account of 

entc^ec^cu, against fammt, together, with 

Qfv^ciiii'ber, opposite feit, since 

according to veu, from, of, by 

4*it, with ^u, to 

kid;, after puvi'bcr, contrary to 

Prepositions Governing the Acx’usativb 

bus till cl/nc, without 

burc^, through urn, for, about, around, 

entlan^j ^[, along on account of 

fiir. for Unber, against, 

ge^eu, against, tow'ards contrary to 

* Can be alternately preceded or followed by 
the substantive : ilccufii bei? liebeii Sricbciu^ or 
be^ lifbcii Svicbciii^ irev^cn, for the sake of [deHr] 
peace, 

t Also used wdth the dative, if preceded by llic 
substantive— for instance : (iiiicm ?ilciid;lc \\u 
fch^c {dat.), according to a rej)ort ; but: 
eiucef J13cvid;tcc( (gen.). 

J: Also use«l with tho dative. 

§ In poetic speech also with the genitive : 
Cb biefer J{uiibe(( 76 a.) l)fnfdnc Ilvaiifr iiit Vanb, 
On account of this nows mourning reigned 
throughout the land. 

^ Sometimes used with the dative, and very 
rarely with (ho genitive. 

For the prepositions governing alternately (he 
dative and the accusfitivo, and for the cc)ntraetions 
of prcposiiiuns with the definite article, sco XXV. 

Classification of Verbs 

XLI. The classification of verbs is inf)st 
important, as it is the basis for tho rules con- 
cerning the employment of the auxiliary verbs 
fein and (;abcn. 

As regards their dependence and influence on 
other nouns, the verbs can bo classilied as follow's ; 
(a) iTUransUivCf (b) transitive, (c) reflective ami 
reciprocal [sco 5j, and (d) impersonal verbs 
[see 6). 

(а) Intransitive vcr})S want no completion to 
convoy their full meaning- for instance; btc 
©I'nnc fd;eiut, the sun shines ; bet 'ifiiub bldjl, the 
wind blows, etc. 

(б) Transitive verbs require the aid of objccis 
in the accusative to make their meaning fully 
oVivious — for instance : baiS ^(I'inb debt |fiuc (5’ Kent, 
tho child loves its parents, etc. Transitive verbs 
can always bo brought into tho passive form if 
tho chjert (accusative) is made the auhjeU (nomi- 
native)— for instance : tie (Sfiern U'cibcii ven il;rem 
Jt'inbc gelifbt, the parents arc loved by their child. 

1. There are some verbs which reejuire com- 
pletion by a noun in the genitive or dative—e.^. : 
bcbur'feit, to require, want ; ra(fn, to advise, etc. ; 

bfbatf bduci*, I want [ofj thee ; and tatc <'Uttv, 
advise me. These are not counted among the 
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transitive verbs, the characteristic of which is 
the power to govern a noun in tlie accusiitive, 
but among the intransitive verbs. 

2. Other verbs are used with prepositions and 
are thus connected with complementtiry nouns 
in the cases required by tlie prepositions — t.g. : 
wit* lachtcu liter it)u (acc.), we laughed at him ; 
er jircbtc nad^ ^cid^tum (datX he strove for w’^ealth, 
etc. Bear in mind the essential difference 
between the 'prepuaitional’accusative of the 
intransitive and the object-accusative of the 
transitive verbs. 

3. The same difference occurs in the case of 
the accusative determining the measure and 
answering to the questions : how much ? how 
far? how long? etc., whicli always determine the 
intransitive character of the verb — for instance : 
bfv .H'auf'niann uh\^ ten 3iufcr, the merchant 
(grocer) weighed Uie sugar (transitive) ; but : 
bet 3nder ;^ff)ii ^t?funb, the sugar weiglied ten 
pounds (intransitive with accusative of measure). 

4. Intransitive verbs can also be brought into 

the passive form by the introduction of the 
iqp^ersonal ciS, it : tie ^enne the sun is 

shining ; and : unrb luni ber '2ounc i^cfd)iencn, 

which, though correct, is a clumsy form and 
should not be used. 

5. Some verbs are only used in connocti<^n 

with certain personal pronouns, in the sense 
tliat the action is reflected upon the acting 
person. The complement (object) is liere 
identical wdth the subject — for instance : 
fel)iie mid) nad) I long for something; 

ct fd)amt fldb, he is ashamed, etc. These are 
called refle Uve verbs. If the acting persons are 
in the plural, a reciprocity of reflection may take 
place, in whicli case the verbs arc called 
reciprocal : fie ai\^crtcn eiuanbev, tliey annoyed 
one another (oacli oi lier). 

6. Impersmal verba denote either natural 
phenomena ascribed to impersonal agency, and 
are therefore used with the impersonal it; 
(examples : cc< rcvVtct, it is raining ; u bcmicrt, 
it is tbundering, etc.) ; or the impersonal action 
of certain feelings or sensations on persons ; 

tuiu^oitmid), I am hungry [it li lingers me], etc. 
Verbs are also used imjiersonally to denote 
occurrences due to some impersonal motive 
power ; 'IlMc'bcvfcbcu, in the sense of 

there is the possibility of seeing each other again. 

7. Many verbs belong alternately to both 
groups --the transitive and the intransitive — 
according to their relation to the object of the 
sentence. 

Exercise 1 [see last lesson]. Change the 
present tense in the following sentences into the 
imperfect and jiluperfect. (Mind the arrange- 
ment of the sentence with regard to the past 
participle and finite verb.) 

3d) nel^me batf@ctb; ber fiicl)(t ciiien 9lbfel; 

I take the money ; the boy steals an apple ; 
teas gefd)iff)t? id) lefe dn ; it)r fff)t 

what happens ? I am reading a book ; you see 
ni^t^ ; fleben ntdifo ? " bu rerbir^fi 

nothing; do you give nothing? thou hidest 
ftu>ad'; xr>it merfm ben Sait; tie JDame 


something ; we throw the ball ; the lady speaks 
englift^ ; id) effe (Srb'beercn ; 

English ; I oat strawberries ; 
cr Dcr^i^t aHe«. 
he forgets everything. 

Exercise 2. Insert the correct plural termi- 
nations of the following words with double 
plural form : 

iiiififvtcl bat uicr $lft . . . ; in feinen 3!i\iumeu 
The comedy has four acts ; in his dreams 
l)atte er fettfame CMffid)t . . . ; bic Otitter evl)obcn i(ire 
he had queer visions ; the knights raised their 
^d)tlbe . . . ; ber 0Hd)tcr braebte bie 9lft .... 9l((c 
shields ; the judge brought the documents ; all 
batten blcicbc ®cfid)t . . . ; bic ^cbilb . . . iiber ben ^abciu 
had pale faces ; the sign-boards above the shop- 

turen iraren c^cmalt; mie uiclc b^ben 'Sie? 

doors were painted ; how many volumes have you? 

M .&nfct< finb rot ; bic ... . ber 

The ribbons of the hat are red ; the birdcages 

maren au^ ©clb ; bic fennen bat^ 3l^ctter. 

were of gold ; the peasants know the weather. 

Exercise 3. Insert in the blank spaces tlie 
missing interrogative pronouns : 

ift biefev .Vjerr ? .... meinen (Sic? 

Who is this gentleman ? What do you mean ? 

•'iMit ifi bap ? v^cbint biefeci ‘Bncb ? 

Whose hat is this ? To whom belongs t his book ? 

fa()fn 'Sic c^efiern ? SJlannc 

Whom did you see yesterday ? To which man 

e rt ba^ ©cot? IDame fennen ^Bic? 

mgs the boat ? Which lady do you know ? 

ft inter fcKcn cin^ctaben ivcrbcn ? (^lan^cnbcr 

Which childrenare to be invited? What [aj brilliant 

Spidfver ifi! fd)cnc ,ftinb fal)fn 0ie? 

player he is ! Which beautiful child did you see ? 

fcbcnc^ .ftinb ! iJente 

What [a] beautihil child ! What sort of people 

finb fic? Wetvanfe befiedten 3ic ? 

are they ? What drinks did you order ? 

Srau irar cei ? 

What sort of woman was it ? 

Exercise 4. Insert the missing words and 
terminations in the cases required by the 
prepositions : 

JDic^fcitP . . . ©laucr (/.), inner bait . . . Marten, .(m.), 
On this side of the wall, within the garden, 
fianb cin aWann inmitten .... afltefe (/.). 
stood a man in the midst of the meadow. 
Snfclfle cin . . ©crid)t. . (m.) mv ber ffeinb ficfiobeit; 
and : C$in. . ©criebt. . gufd^c irar ber ffeinb iiegcben. 
According to a report, the enemy had ned. 

wein. . Sarnun^. . (/.) fpraib cr mit ifim; 
In spite of my warnings, he spoke with him ; 
urn . . . §iinmel. .(m.) mitlen ! SWeitt . . .§auf . . ftcftcnuber 
for heaven’s sake ! Opposite to my house 
ircbnt cin ©dbneiber feit eiii . . 3abr..(w.); id) offnetc 
lives a tailor since a year;* y ^ned 
(a tailor has lieen living for a year) ^ openea 

inittflfi .... (gebluffei . . (w.) bie !liire. @ett 
the door with (by means o^ a key. Since 
3bt . . Slbretfe (/.) fab i(b il)** mebr. 

your departure 1 did not see him any more . 
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Keys to Exercises [paoe 23C9] 
Exercise 1. Imperfect: 3(^ banb einen ; 
brt fang ; bad Oicl^ fptang unb tranf ; bad llOevf 
gefang ; mr tranfen 9Beiu ; bad Saffer rann ind S:i)al ; 
ei* f^wamm audgejjeitf^net ; id^ fag im Marten; bvtd 
^d)iff fanf ; bie @5(ode ftang (aut; bev atme SOiaun 
bat etc. ; ic^ gewauu bad t - 
Perfect: i^abc einen .ftvan,^ gebnnbcn ; bet iBcget 

bat gcfungen ; bad Oleb ijl gcfprnngcn unb bat gctrunfcn ; 
bad Self ifl geUingen ; unr babcn !ift!iciu getrunfen ; 
bad Saffcr ijl ind 5!al geronncn; er ift audge.^cicbnet 
gefcbt»»>mmen ; icb bin im (SJarten gcfcjfcn; bad ©cljiff 
iil gefunfen; bie (SJlorfc bat (aut gcfiungen; bcr arme 
^ann bat urn cine Unterjtubung gcbeten ; i(b b^^^ 
Spiel gemonnen 

Exercise 2. (^in fold'er Svmnb ifi fetten; folcb 

Con 


eln Sveunb ift felten ; er iji ber Srbu biefed 3Manned 
unb jener Stan ; mit fvracben mit biefem .^naben unb 
mit Jenen 3}tanueru; fie fpra^b biel bon ibrer itoebter 
unb bon beycn ©vfabvungen; ber Jpimmcl ijl jenen 
gttdbig, bie il^n anvufen ; bet 3ager marf^ierte bintcr 
feinem d;:>errn unb tvug beffen (^femebr . 

^Exercise 3. (a) (fd ill eine Rreube, einen folcben 
Sobn ^ujaben. (fin folcbed Unglucf! (fined fol4fn 
^^tanned Sobn foHte bon anberer IHrt fein. aBiefonnten 
Sie einer fo((bcn ffvau cine folcbc Unbofllicbfeit fagen ? 
(fin foteber lag ijl fcbreitlicb. (fincm folcben Jtunfller 
mug man einen folcben 3rrtum bcr,^ei(}en. 

(6) Solcb ein Sfanbal U'egen fold) einer Jtleinigfeit 1 
Sold) eiued 'Di aimed 'll pid)t iP(%ogtnut; folcb einem 
Unglucf gcgcniiber ijl ber SDUnfd) wclnlcd : folcb einen 
ffall babe icb in fold) einer gamilie nod) nid)t erlcbt! 


FRENCH 

INDEFINITE PRONOUNS 

The indefinite pronouns {pronoms inde finis) arc; 

On, quicjonque, qiielqu'un, quelqiie chose, per^ 
sonne, rien, chacun, antrui, Vun Vavtre, Vun ct 
Vavlre. 

1. On, one, they, people. On is very widely 
used in French. It is always the subject of a 
verb in the third person singular. It may bo 
translated literally by “ one,” and occasionally 
by “ some one ” : 

(a) On doit obeir aux lois. 

One must obey the laws. 

(h) On nous a indique le chemin. 

Someone showed us the road. 

When (as in a) on has a collective meaning, 
and includes the speaker, it may be rendered by 
“ we ” : “ We must obey the laws.” When it 
is collective, but docs not include the speaker, oit 
may bo translated by “ people,” or by “ tlioy ” : 

On craint ce roi et on lui ohiit, imiis on ne 
Vaime pas. People fear that king and obey him, 
but they cio not love him. 

Very often an English passive construction 
supplies the best rendering of a French sentence 
that lias on for its subject ; “ That king is 

feared and obeyed, but he is not loved.” 

When on is preceded by si, if ; on, or ; od, 
where ; que, whom, that ; qui, who, and et in 
which the final t is silent, it usually takes V 
before it, to avoid the hiatus caused by two 
vowel sounds : 

On n^aime paa d voir ceux d qui Von doit tant, 

W© do not like to see those to whom wo 
owe so much. 

This V must not be used when the word coming 
after on ^gins with V : 

On Vadmire et on Vaime, He is admired and 
loved. 

On must be repeated before every verb of 
which it is thd subject : 

On le Vme^ on le menace, on le caresse, 

Thgr praise^ threaten, caress him. 

2. Quiconque, whoever, is always foUowed by 
a singular verb : 

Quiconque est riche, eat toiU, 

Whoever is rich, is everything. 


By Louis A. Barbe* B.A. 

Words in agreement with either on or quicontfue 
may be feminine if the sense absolutely requires 
it: ♦ 

Quand on est mhe on ne dint pos ctre coquette. 

When one is a mother, one should not he a 
coquette ; 

Quico7i(f iie est rrtiiment mere iVest plus coquette. 

Whoever is a real mother is no longer a 
coquette. 

3. Quelquun has two dilTerent meanings, 
according ns it is used absolutely — that is, with- 
out reference to a noun, or relatively, tliat is, 
with referenee to a noun. 

When quelqu un is used absolutely it means 
“ someone,” “ anyone,” and applies to persons 
only : 

QuelqiVun a dit que le soleil est Vdme du monde. 

Someone has said that the sun is the soul of 
the world. 

Quelqu un doiite-Cil serieusement de V existence 
de THeu? Does anyone seriously doubt the 
existence of God ? 

When quehju'un is used relatively, it applies 
to both persons and things, and means “ some,” 
” any,” “ a few.” It is then used ehiefly in the 
plural, and has either de and a noun after it, or 
en before the verb if the noun is understood : 

Connaissez-rous queUfues-unes de ces dames ? 
Do you know any of those ladies ? 

Ten connais quelqucs-unes, I know a few of 
them. 

AveZ’Vous encore de ces livres ? Have you 
any more of those hooks ? 

Ten ai encore quelques-uns, 1 still have a few. 

Quelqu'un, quelqvlune, quelqvcs^uns, quelques- 
tines, require de before an adjective qualifying 
them : 

Je connais quelqu*un de plus riche que lut, 

I know someone richer than ho. 

4. Qudque chose, as an indefinite pronominal 
expression, requires words in agreement with it 
to be masculine, and adjectives Qualifying it to 
bo accompanied by de. It has the meaning of 
“ something,” “ anything ” : 

lly a dans ce livre quelque chose d incomplet. 

There is something incomplete in that book. 
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Atitre. chose, something else, anything else, and 
graruVchose, much, are used in the same way, 
and follow the same rule as quelque chose : 

Avez-vous avtre chose de curieiix d nous montrer? 
Have you anything else curious to show us T 
II n'a pis fait grand' chose de hon. 

He has not done much that was any good. 

5. Pcrsonne, when joined to ne, is negative, 
and moans no one. It is used without ne. and 
with the meaning of “ anyone ” in interrogative 
sentences, or in sentences expressing doubt. 
Words in agreement with it are masculine, and 
adjectives qualifying it are preceded by de : 

II n'y a personne d'assez hardi. 

There is nobody bold enough. 

Y a-t’il personne d'assez hardi ? 

Is there any one bold enough ? 

6. Rien is negative, and means “nothing,” 
when it is accompanied by ne. It may bo used 
w'ithout ne. and with the meaning of “ anything ” 
in interrogative sentences, or in sentences expres- 
sing doubt. Adjectives qualifying it take de : 

II rCy a rien de nouveau. There is nothing new. 

Y ad-il rien de plus desatjreable ? 

Is there anything more disagreeable ? 

7. Chacun, like quelqu'un, may be used either 
absolutely or relatively. In the former case, it 
applies to persons only, and has no feminine 
form. It means “ each one ” : 

Chacun croit avoir cLssez de sens commnn. Each 
one thinks he has enough common -sense. When 
used relatively, it applies to both persons and 
things, and has a feminine form, chacune : 

Ces gravures me codtent cinq'nante franca chacune. 
Those engravings cost mo fifty francs each. 
Chacun de sea enfants a remporte un prix. 

Each of his children has carried off a prize. 

8. Autrui, though rendered by the English, 
“ others,” is always singular. It may not bo 
used as a subject, and only occurs in connection 
with d or de : 

Attendez d^ autrui ce que vous faites d autrui. 
Expect from others what you do unto others. 

9. Uun Vaulre, one another, each other, has 
the feminine form Vune Vautre, and the plural 
forms les una les autres, lea unca lea autrea. In a 
sentence, the first part of this expression is always 
the subject, and the second part the object of the 
verb. Consequently, only the second part can 
have a preposition before it : 

Ils mediserU Vun de Vautre, 

They speak evil of one another. 

Lea vrais Chretiens ae pardonnent lea uns aux 
attires. 

True Christians forgive each other. 

10. L'nn et Vautre and its feminine form'/'tene 
Vautre mean “ both. ” When ust^d with a personal 
pronoun, they cannot come immediately after it : 

Ils rapportent Vun et Vautre les memea cir- 
Constances, 

They both relate the same circumstances. 

The plural forms les uns et les autrea, les unes 
et les autres have no nearer English equivalent 
than “aU”: 

Ils ae riuniesent Us uns et les autres contre 
Verinemi commun. They all unite against the 
common enemy. 


Exercise XVIII 

1. Where can (peut) one be better than in the 
bosom (au sein) of one’s {aa) family {famille) ? 

2. We have been told to (de) give you this. 

3. They obey (to) that king because (parce 
que) they fear him, but nobody loves him. 

4. He is said to be very rich. 

5. Whoever has done that is a bad man. 

6. If anyone speaks to you answer (repondez) 
him (to him). 

7. I know no one here, and no one knows me. 

8. If you have any more (encore) of those 
pears, give me a few. 

9. Someone asks to («) speak to you. 

10. We have learnt (appria) something very 
interesting. 

11. I know someone more powerful (puissant) 
than he. 

12. We have not done much good to-day. 

13. There is nothing more pleasant than 
travelling on foot (de voyager d pied). 

14. Is there anything more surprising than this 
story ? 

15. Each of my friends has carried off two 
or three prizes. 

1(). Do (faites) unto others what you would like 
(roudriez) that others should do (fit) to you. 

17. 1 have spoken to both. 

18. True Christians do not speak ill of one 
another. 

Key to Exercise XVII. 

1. Cette plume (-ci) est bonne, mais celle-lii 
est meilleure. 

2. Elle m’a montre son chapeau et celui de 
sa soeur. 

3. J’aime mieux Ics notres que les leurs. 

4. Si ce n’est pas lui e’est son fr^re. 

5. Qui Bont ces demoiselles ? Ce sont nos 

cousines. • 

fi. Ce monsieur est-il avocat ? Non ; il est 
medoein. 

7. C'est un de nos mi^decins les plus dis- 
tinguos. 

8. Je ne connais pas ce monsieur ; je Tai vu 
une ou deux fois, e’est vrai, mais je ne lui ai 
jamais par 16. 

9. II est vrai que nous ne lui avons jamais 
parl6, mais nous le connaissons tres bion de vue. 

10. Avez-vous fait cela ? Non ; ce n’est pas 
moi, e’est lui. 

11. Si vous avez de plus belles gravures 
montrez-les-moi, je n’aimo pas celles-ci. 

12. Ce que vous venez de lire est tr6s int6res- 
sant, mais ce n’est pas vrai. 

13. Cette chambre-ci ost plus petite qile la 
noire, e’est la plus petite de toute la maison. 

14. Donnez-moi un autre mouchoir, s’il vous 
plait, j’ai perdu le mien. 

15. Nos fieurs sont belles, celles de votre 
sceur sont encore plus belles, mais les votres sont 
les plus belles. 

16. Cette bague n’est pas a x&oi, je n’en ai 
pas, elle est 6. une de mes amies. 

17. Ce n’est pas sa bague, k elle, qu’elle a 
perdue^ o’est la mienne. 

18 . A qui est-oe de jouer t O’est k vous. 


Continued 
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Effective Bows and Rosettes of All Kinds. The Butterfly and 
Alsatian Bow. Chiffon and Tulle Rosettes. Lace Quills and Fans. 

MILLINERY TRIMMINGS 


M ill i n b r y bo ws are made in a great number 
of shapes and. uizes. They may be made of 
silk ribbon of an immense variety of kinds and 
widths, velvet ribbon, laoe, piece velvet, chiffon, 
tulle, straw, kid, braid, beaver, cloth, etc., but 
each bow is made on the same general principle. 
Before using new ribbon, it is better for an 
inexperienced worker to practise on a piece of 
muslin, or even tissue paper, cut in strips the 
width and length of the ribbon ; for when once the 
ribbon is creased, it cannot very well be altered 
without taking away the freshness of its appear- 
ance. By practising in this way, the beginner 
will obtain that lightness of touch, quickness, 
and “ finger-knack ” which is so necessary in all 
millinery trimmings, and esjxicially in bow- 
making. She will, in a short time, produce bows 
which would be a credit to an experienced milliner. 

Bows are always made l)y hand before they 
arc sewn on, except in the case of largo liats 
with a bow or rosette at each side and a piece 
of ribbon going across the centre. 

When making the bow, the hat for which the 
ribbon is needed should be in front of the worker, 
to get the size and effect. Bows are best made 
from one length of ribbon which is not 
more cut than necessary, unless a bow 
with many ends is required. 

A bow, although it should appear to 
be untouched by hand, must yet be firm. 

When buying ribbons for bows take care 
that the assistant .does not crease up 
the ribbon to show how it will look, as 
the crease may happen to come across 
the widest part of the loop. The 
following characteristics of a 
well-made bow should be noted: 

Pleats should be even, fine, and 
straight ; 

Each loop and end brought 
back to its root or starting point, 
and the bow made in one piece, if 
possible ; 

The ribbon kept fresh -looking, 
free from twists and any re- 
arrangements ; 

The size of loops made in 
accordance with the width of the 
ribbon ; 

The wire (if used) firmly fixed, 
and the ribbon sewn lightly to it, free from strain. 

We shall first make a few bows which never 
go out of fashion. To keep up-to-date in the 
latest shapes of bows it is necessary to study 
the fashions prevalent at the time. Those who 
have an opportunity of visiting trade houses will 
have a great advantage. Otherwise, careful 
observation of the best milliners’ windows, of 
well-dressed people in the parks and promenades, 




128-180. A SIMPLE BOW 


of ladies’ magazine advertisemenfs, will help the 
milliner to see what is most in vogue. Even if 
she has no originality, she will at least be able to 
copy, after i^ractising the instructions wo shall 
give. 

The quantity of material required for a simple 
bow is J yd. of 6-in. wide ribbon. Start at one 
end — not in the middle. Hold the ribbon in 
the right hand, and with the left pleat it firmly 
and evenly. 

Bind it tightly round the pleats with moimtin/,' 
wire, inserting one end of the wire in the pleat ; 
or with cotton, using a strong needle and No. 10 
cotton. Insert the needle once through the 
pleats and turn the cotton round tightly three 
times ; put the needle through again [128]. 

Gauge the length of the loop by the width of 
the ribbon — the wider the ribbon the longer the 
loops. Pleat the ribbon evenly^ and bring the 
pleal/cd part back to the centre, and bind it 
tightly with mounting wire or cotton, having the 
loop opposite the end just made [129]. This 
centre is called the r(K)t or waist of the bow. 

If there is a right and wrong side to the ribbon, 
as there is in velvet ribbon with satin back and 
most ribbons with patU^ms on them, 
give it a sharp twist to keep the right 
side up, before making the second loop. 
To pull up the loop, place the forefinger 
inside. Never crease or touch bows more 
than is just necessary to secure them. 

Make another loop in the opposite 
direction, which will place it on the top 
of the first end, and for this simple bow 
make it the same length as the first 
loop, bringing it back to the root 
or starting point, (’ut off the 
ends slantways, or fray them out. 
The triangular piece cut from the 
first end will make the tie-over. 
Turn in cut edges, twist it over 
the root, and neatly finish off at 
the back with a few stitches [130]. 

On this principle all other bows 
are made. They may be varied by 
having several loops of different 
lengths, but they are always placed 
alternately right and left to the 
root. 

Good ribbons require no stiffen- 
ing, provided the loops are not too long. 
Large bows of wide ribbon, and nil soft ribbons, 
require wiring. Use support wire or ribbon 
wire, shredded. Of the last, use each strand 
of the wire separately, which can easily be 
done by tearing it along the soft part. Wire- 
stitch it along the centre, and zig-zag it for 
wider soft ribbons. Use very fine sewing silk 
to match the ribbon, and lot the stitch taken 
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through be hardly visible [181 and 182]. In the 
same way, coloured si^port wire to match the 
];ibbon can be used. It is a little more difficult 
to manipulate, 
but a lighter 

effect is obtained. /A\ f Ilf 

Ribbon wire //jyl 

can also be used. 

Place the end of W/ W 

the ribbon wire W M 

inside the centre /m nl^ 13’2 

pleat, bring the • f}] ''7 

needle through, I . vl 

bind it round A I lis. 

with cotton, and ^\\\ 

take the needle W - 

through again. J| K > 

Gauge the length 

for the loop, and 13^ 

allow the same J33 

length for the B Ij 

ribbon wire; 

bind it over with 

the ribbon, and 135 

stitch it and — s. , — ^=a\ 

bind round the B m |) 

root of the bow. ^ Ij 

Bo careful not to 
strain the ribbon 

tightly o n the three styles op bows 

wire 131 132. Wiring the bow 

4.1.^ 133 and 134. Buttertly Ixnv 

oecure the Wire 135, A tied bow 136. Alsatian bow 
at the back w ith 

silk to match the ribbon, just below the top of 
the loop. 

Upstanding or broad ends should be wired half 
way up, never quite to the top. In some cases 
the enos are wired along one or both sides of the 


This bow can be made without the use of any 
cotton or mounting wire ; the loops are kept firmly 
in place with the fingers till the tie-over— that 
is, the second end — secures them. Quantity of 
ribbon required is If yd. 5 in. wide. 

The Alsatian bow [186] takes 11 yd. of 3-in. 
wide ribbon. It is made of four loops, has no 
ends, and a large broad tie-over. Loops Nos. 1 
and 2 are 12 in. long ; loops 3 and 4, 10 in. long. 
These are used frequently for nurses’ bonnets, etc., 
the loops reaching from ear to ear from the centre 
of the bonnet, only once pleated in the centre. 

Fancy bows [141 and 142], with more than two 
ends, and more than two or four loops, are made 
on the same principle as described, several of 
the loops being cut after the bow is made. If 
upstanaing ends are required, the tie-over is 
taken round them, and for a flatter trimming the 
tie-over is taken in the centre in the usual way. 
Two and a half yards is the very least quantity 
which can be used to trim a hat satisfactorily ; 
if it is to be its sole trimming, yd. is an 
average quantity. For ruches, loops, and 
rosettes, more is required. 

Ends of bows may be frayed [137], cut in 
w ing [138], mitred [139], or cut to fishtail shapes 
[140]. The ends are sometimes vandyked, or 
treated in some other fashionable way. 

Kilting the ribbon [143] makes pretty, 
effective bows or rosettes. Plain ribbons look 
better kilted than brocade, chenc, or fancy 
ribbons. Mixing ribbons of different tones of 
the same colour makes smart bows. In the good 
French ribbons at least three shades of the same 
colour can be obtained, toning gradually from 
light to darker. 

Piece velvet bows [145] are made of velvet cut 
^ on the cross and 


ribbon. 

A butterfly bow [133 and 134] can be made in 
rather narrow width ribbon, in which case it will 
be used for bonnet trimming. It has two loops 
and two upstanding ends, shaped at the end as 
butterfly wings. It also makes a handsome 
trimming for front of hat if made of a ribbon 
9 in. to 10 in. wide, or a piece of silk. 

Start this time with a loop, pleating each side 
separately. Make another loop in the opposite 
direction ; then another standing up in the 
centre, turning in the end inside, passing the 
cotton used to secure the bow at the root through 
and through the loop. Place the tie through the 
centre loop. Cut this slantways [134], and shape 
the ends like butterfly wings. Quantity of ribbon 
required is f yd. of 2-in. wide ribbon velvet. 

A tied bow [135] has as many loops of various 
sizes as desired, but only two ends, and is made, 
including the tie-over, in one piece. It is useful 
for children’s washing hats and bonnets, and for 
various other millinery items. Keep the first and 
second loop the longest, ^aduating the length of 
each pair of loops. Begin with an end, next a 
loop 12 in. long, in opposite direction ; another 
loop the same length, opposite the first, 12 in. 
long ; then two loops 9 m. long, and two loops 
6 in. long. Tcdce the remainder of the ribbon, twist 
it rouna the root, and pull the end through 
the twist at the back! and the bow is finished. 



the edges roU- 
fiemmed. The 
loops are pleated 
as in ribbon 
bows ; but as 
velvet is so much 
thicker, it should 
b e twisted a s 
little as possible, 
and if a large 
bow is required, 
it must be made 
in two parts. 
About I yd. on 
the cross is re- 
quired, and the 
tie-over sheuld 


be neatly made. 

made in the same 
' way. Lace inser- 

I ^2 sewn between 

„ the rows of straw, 

or gauged tulle. 
141 md chiffon, or silk all 

make pretty 
variations of bows. Two or even three colours of 


straw worked in one bow or rosette are also very 
effective [144]. 
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In stitching bows to the hat, stitch firmly, 
stabbing the needle in the hat through the back 
part of the tie-over. Tie inside. Catch each loop 
to the brim with an invisible tie-stitch in a 
becoming position. 

R.oaettes« Rosettes are made in ribbon, lace, 
tulle, silk, velvet, or straw. Like bows they are 
continually changing in style, and even a great.er 
variety and greater originality is displayed in the 
last now ones. The following are a few of the 
standard styles, which always remain in vogue. 

The loop rosette [148] consists of a succession 
of loops eacli made independently, but all coming 
back to the centre or starting point ; I J yd. 
of 7 in. wide ribbon is needed. Start with a loop 
7 in. long. Pleat the ribbon and twist round the 
cotton at one end as in diagram 128 ; take the 
ribbon over the forefinger and pleat at 7 in. 
Then bring it back to its starting point and twist 
round the cotton, which will form the centre or 
root. Make five, seveni or nine loops, each being 
brought back to the centre and the cotton twisted 
round. Tlu^ number of loc^ps depends on the 
width of ribbon and size of rosette desired. 


velvet ; run the raw edges togethtr with strong 
cotton and pull it up tightly. Sew it to a 
foundation ; do not skimp the outside €*dge, and 



finish it oif neatly 
in the centre. 

(jrathered rib- 
bon rosettes are 
made in exactly 
tluisame way, ex- 
cept that the rib- 
bon is, of course, 
on the straight. 
(jJather it either 
along one edge or 
til rough the 
centre. Pull the 
c*(^tton \ip tightly. 

For silk rosettes, 
if not used double, 
roll hem -stitch, 
tuck, or bind one 


FANCY BOWS 

143. Kilted bow 144. Straw bow 
146. A piece velvet bow 


edge to form 
the trimming. 

F or crush 


Arrange the loops in circular order, finishing 
the last one in the centre*, unless an ornament. 


floral, or other fancy centre is going to be made 
1149]. Be careful the loops are close together, for 
if each loop is not stitched to the starting point 
a gap will be left between, taking away the 
rounded, full look. The name “ chon ” is some- 
times given to this rosette when made very full 
and with rounded top. Most of the other kinds 
of rosettes require a foundation to which to sew the 
loops. For this cut a circle, about 3 in. in diameter, 
of buckram or double French net [148] ; wire 
round with support wire, overlapping the ends for 

2 in. , and bind with sarcenet ribbon . Another way 
of making a rosette is with very small loops only 

3 in. in entire length, sewn on a foundation, round 


and round. It 
takes 4J yd. of rib- 
bon for each rosette, 
and has a flat ap- 
pearance. 

For crossway silk 
or velvet rosettes 
[147] cut the velvet 
or silk twice the 
width required, and 
let the length be 
according to the 
width and size of 
rosette. The nar- 
rower the velvet the 
smaller the rosette, 
and vice versd. One 
crossway length of 
velvet of about J yd. 
long and 3^ in. wide 
makes a small 



rosette suitable for 
a bonnet, or to fill 
up a small space on 
a bandeau at the 


ROSETTES 

146 and 149. Loop rosette 

147. Cross way rosette 

148. Foundation for rosette 


back of the hat. This size can be made with- 


out a foundation, and two lengths are better 
than one. To make this, shade and join the 


rosettes of velvet or silk cut a circle of velvet 
or silk from 9 in. to 20 in. in diameter [164]. 
If the velvet or silk be soft, use a light 
leno or book-muslin for int(‘rlining. Gather 
it all round, draw up to the circumference of 
foundation. The centre will fall in light folds 
and piilTs, which secure here an(l there to th(* 
foundation with the tie-stiteli. The better the 
quality of the velvet, the liglder the rosette 
will look, and the fewer the stitches needed to 
keep the puffs in place [150]. 

Odd bits and cuttings of velvet or silk of any 
shape or size can be used for this rosette, gatht'red 
up round the edge and sewn in. 

For baby ribbon rosettes [151] mark on a pit‘ce 
of net a circk* the size of a shilling. Make ea(;h 
IcKip by foldir\g the ribbon over the finger, and 
stitch it to a foundation on the outside of the 
circle marked, then another circle just inside, and 
so on until the foundation is covered. Finish in 
the centre with three upstanding loops. Quantity 
required is 6 yd. 

There is another method of m.'iking these 
rosettes — without a foundation. Wind the 
ribbon entirely round a card in. wide and 
about 7 in. in length. I^et each loop just 
overlap the last, and do not wind tightly. With a 
needle and strong cotton run through the top of 
the loo}^8, carefully picking up each one. Slip the 
ribbon from the card, removing the loops in suc- 
cession, draw up tightly and fasten off securely. 

Chiffon rosettes [156] need IJ yd. of double- 
width chiffon, cut through the centre selvedge 
way. This will make two or three smaller size 
rosettes. 

Make a fold the width required; pin this 
down, and make another narrower fold, and pin 
again. Run two or three gathering thread.-s 
through all the folds at the bottom, draw up 
tightly and stitch together ; finish off the centre 
with an ornament. Pull out Ccach fold to produce 
a full, rounded appearance. 

Chiffon, net, or tulle rosettes are made with the 
material cut on the straight ; run the two raw 
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(‘dges together, draw up, and wind round from 
centre outwards. 

For lisse, net, or tulle, the cut edges are 
Hometimes turncxl to the centre, box-pleated 
there, and drawn up. The wider the rosette, 
the greater the amount of fulness required, 
as it will want more material to set without 
skimpincss round the outside edge. Avoid 
showing raw edges, and finish oil the ends 
neatly. 

Tulle rosettes take 2 yd. of double-width 
tulle and 6 yd. of lace insertion, J in. wide [156]. 

Cut the tulle in strips 9 in. wide, fold them 
in half, and sew the lace on to the fold so that 
it stands out well. Oather the two cut edges. 
The lace can be sewn on about ^ in. from the 
“ centre edge.” Tulle rosettes sometimes have 
their folded edges cut after they are drawn up ; 
it gives a pretty, fluffy apiiearance, though they 
do not wear so well. 

A cockade rosette [153] 
for bonnets or toques 
requires 1| yd. of 8-in. 
wide ribbon; if two 
shades are used, yd. 
of each is enough. 

Kilt the ribbon and 
make three ends ; wire 
at one edge, unless a 
firm silk ribbon is used, 
and make two small 
Ioo]is and a tie-over. 

For a drawn silk 
rosette [162] cut \ yd. 
of crossway silk in two 
h'ngths ; join them in a 
circle. Jlun J in. tuck 
along the edge and 
another through the 
centre. Insert a cotton 
cord in each, and gather 
cut edges tightly to 
form the centre, which 
is finished with an 
ornam(*nt. Secure out(T 
edge to foundation, also 
the second cord. 

Kid, braid, or straw 
rosettes are made in the same way, but each of 
tlu'se requires a foundation, 

Rosettes should be sewn to the hat, if possible, 
through the centre, or between the loops or flutes. 

Hat Trimming, To sew on feathers, nip 
off any superfluous length of wire and bend 
up the remainder, which should be bound with a, 
small piece of cross way velvet to prevent the 
cotton slipping off the stem or wire when 
sewing the feathers on. 

AVhen a quill end or fancy sheath is used, do 
not bind the end of the feather, but slip the 
stem in the sheaf, and sew through the quill 
end or the holes in it. Tie the cotton about 2 in. 
fi-om the end of the feather on the under side ; 
leave the cotton loose for about in., and tie in 
l)osttion to €5dge of brim, or wherever it is required 
to fall. A mather should never bo fastened 
tight down to the brim. When it has to be 
stitched to a velvet hat, first ^w it to a piece of 
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stiff net, which can bo secured to the hat more 
firmly and with fewer stitches. • A buckle, 
ornament, or some other kind of trimming must 
neaten the end in this case. 

Feathers on lace or net hats are sewn to ono 
or more wires ; a piece of stiff net is placed at 
the back and the stitching taken through. Some 
feathers require to be wired down the stem, 
to make them retain their position. In this case 
use support wire, and nip round the end, making 
a small loop. The wire should leave off about 
2 in. from the end. 

Wings and quills arc stitched securely at the 
base. Quills may even have a stitch taken 
through the stem, which can be done by using 
a No. 3 “ between ” needle. If wings are 
padded, secure them through that part.* Sew 
the ends in position with the tie-stitch. 

Jot and fancy ornaments, such as buckles, 
clasps, etc., must bo 
always stitched in the 
centre as well as on 
each side, to prevent 
their slipping sideways. 

To stitch on flowers 
or wreaths, cut off any 
unnecessary length of 
stem and bend up the 
remainder. Stitch the 
flowers firndy to the hat 
by taking the stitches 
over and over from side 
to side of the stem and 
cutting off those that 
are not needed. Arrange 
the flowers and foliage in 
position, and ticvstitch 
them to hat. 

A trail of flowers is 
caught here and there 
witii the .tie-st itch very 
loosely to the shape. 
Coloured cot ton to match 
must be used. No stitches 
should show, and the 
trimmings should look 
as if they are “laid** 
on the hat. 

Lace Quills. To make a lace quill or wing, 
place paper pattern on lace, net, or chitfon, 
and cut out with J in. turnings. If the lace has 
a pattern, place that in the centre of the quill. 

Wire-stitch with lace wire round the edge, 
turning the ^ in. turning over the wire on the 
right side, and allow 2 in. to 3 in. of wire at each 
end, at the bottom, to form a stem. 

A Lace Fan. The length required to malco 
a lace fan depends on the fineness and depth 
of the lace. Lace 5 in. deep and 16 in. long will 
make a pretty little fan for a toque or bonnet. 

Slope the 15 in, to 10 in. at the lower edge. 
Join it in a round. Nip round the wire J in. at 
the top to prevent the sharp edge tearing the 
lace. Wire-stitch the wire to the lace, the stitches 
just fitting round the wire ; finish it off seciii^ly 
at the bottom, allowing. 2 in. or 3 in. beyond the 
lace. Place one wire at the join, ono in the 
centre, and ono between the centre and ends. 



SOME EFFECTIVE ROSETTES 


160 and 164. Velvet rosette 161, Baby ribbon rosette 
152. Drawn silk rosette 163. Cockade rosette 
166. TviUe rosetto 156. Rosette of rhlffon 
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Various Types of Pistols, Revolvers, Rifles, Sporting Guns, 
and Machine Guns. Their Mechanism and Manufacture. 

THE MANUFACTURE OF GUNS 

O NE of the most important and most skilled cut ; also the slots for the latches aro accurately 

branches of metals manufacture is the milled out to an index plate to ensure true pitch, in 

making of guns, which we may take to include tho relation to each other and •the corresponding 

wide range of weapons between the handy little chambers, and, at the roar end, the ratchet teeth 

revolver, small enough sometimes comfortably to are cut. The limbs, or parts of the action, are oi 

tit the waistcoat pocket, and the mcjusters of many high grade steel stamped hot approximately to their 

tons and comparatively short life, tht‘ ownership finished form, and also machined in jigs or fixtures 

of which, according to their size and number, fixes by automatic tools. 

the status of each nation as a power. The Barrel. The barrel is bored, rifled, and 

This and the following chapter briefly ouilino tho screwed ; the outside is turned, the component 

development of gunmaking, and di'scribo the parts are finished off by tiling, and afti'r hanlen- 

mechanisms of the chief weapons in use on land, mg and tempering they are sent forward in the bulk 

on tho sea, and in the air. for section viewing — that is, for detailed examination 

Pistols. The present typo of pistol has a by gauges and to be assembled from ])romiscuous 

steel rifle barrel [1] fixed or with a rlrop-down joint, heaps, each part being thoroughly interehangt'ahle. 

with fixed breech parts containing the striker and The sear and spring are then adjusted, to give a 

mechanism. The barrel is forged steel and rifled, slight pull off, an<l the sighting corrected. (iiv(*n 

the lock plates aro of iron and steel, stampcul and these conditions, a champion revolver shot can fire as 

milled, and the action part springs. The butt is of rapidly and accurately with a single-action revolver 

walnut. The barrels are blued or browned. But as witri a double-action automatic [described later], 

tho pistol has hocn almost superseded by tho the latter having a somewhat dragging pull. For 

revolver and automatic pistol. Many revolvers competition purposes in this country tho minimum 

and guns were made during the last two centuries “ pull off ” allowed is 4 lb. 

having the cylinder revolved by hand, but tho Webley's Revolver. The next aclvanco 
metallic centre firo cartridge has enabled a great was a double-action revolver invented by Adams, 
advance to bo made. an Englishman, in 1855. The Weblry [ 4 ] is a 

Modern Revolvers. Th(5 simplest modern good modern example. In this tyjx) the revolving 

type is the single-acting “ (^olt revolver ” [2J. of tho cylinder and cocking the lock is done by 

In this the cylinder, which contains six cartridge trigger pull, and therefore, uft(T the first shot, 

chambers, is made to rotate by the action of cock- each pull of the trigger fires a shot and brings round 

ing tho hammer. This causes pawls to engage in another cartridge. 

rachet teeth cut in the rear face of tho cylinder, Tho frame is made of a solid steel stamping, 

and move it one-sixth part of a revolution, and at forged under a drop-hammer in recessed dies, and 

the same time a small catch or latch engages in milled out to receive tho cylinder and drilled. All 

the recesses in the periphery of tho cylinder, and the work is done by the clamj) jigs and fixtures to 

locks it in position till the shot is fired and the lock gauges with a maximum and minimum allowance, 

is cocked again. u.sually about •IK)2 in. to *004 in., dep^mding on the 

In a later type the cylinder was swung out requirements, and all the (>))erations start from one 
sideways to give self -extraction [31. This revolver face or point to ensure accuracy. The limbs are 

had a solid bridge frame [FU in 2]. The frame crucible steel stampings, machined all over in sjjocial 

or body is stamped hot — that is, forged by drop jigs, by plain or finger mills or former mills. Each 

hammer between top and bottom dies. The fins is tempered or case-hardened where required, and 
of extended metal are dressed off by finning dies, inspected and tested, and the holes Iapj)ed out and 

and the stamping is then placed in a clamp jig the sears adjusted, the holes being tested by plug 

or fixture for machining and tho base pin hole is gauges through plates to sec that they are at right 

drilled through ; the pin, previously prejiared, is angles to the part. 

then inserted in order that each siihsequent opera- The cylinder must be truly concentric with the 

tion may conform with this centre. Tho frame axis jpin and the chambers co-axial with the barrel 

still in the fixture is faced, the recess for the cylinder and in hno with the striker when the cartridge to 

is machined out, and the barrel hole is drilled and bo fired arrives at tho upper position. This must 

tapped. Tho stock is shaped and spring beds also be assured by tho hitch engaging the corre- 

recessed ; all holes are then drilled and tapped, spending recesses in tho cylinder ; moreover, tho 

through the hardened bushes of the fixture. Tho ratchet teeth on tho back face must engage and 

frame is recessed for the hard steel shield which disengage at the right moment, as must also the 

takes the thrust of the cartridge base. soars and bents, so that tho motions synchronise. 

The Cvlinder. This is either forged or of In others the barrel is swung down on a jiivot 

special rolled steel. Tho centre axis pin-hole is below the axis joint pm and the extractor is made 

first drilled through and tho cylinder is faced. to push out the cartndges. An extension of tho 

Tho chambers aro drilled and bored six at one barrel has a recess which is locked securely by a 

time, in a multiple drilling machine ; afterwards latch on the top of the frame. This locking gear 

they are accurately chambered out to suit %]io car- nanst be well fitted. 

tridge. The front face of the cylinder is well fitted The Nagant Revolver. The escape of 
to prevent, as far as possible, the escape of gas. In gas between the forward face of the cylinder and 

tho periphery of the cylinclcr the channels are now the breech end of tho barrel is one of tho great 
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1 . PISTOL 


disadvantages of the revolver. Not only does this 
escape corrode the surrounding parts, but it dimin- 
ishes the velocity of the projectile. This has been 
overcome in the Russian Nagant revolver by em- 
ploying a long cartridge 
case which projects 
beyond the nose of the 
bullet. On cocking the 
hammer the cylinder 
is given a forward 
motion so that the end 
of the cartridge case 
enters the barrel, thus 
covering the gap be- 
tween the cylinder and 
the barrel. A disad- 
vantage of this system 
is that the work .of 
pushing the cylinder 
forward, and so forth, 
is so heavy that it 
cannot be done by 
the trigger pull, and 
the weapon cannot h< 
action ” principle. 

Automatic Revolver, A further develop- 
ment is the automatic revolver — such as the 
♦Wcbley-Fo.^bery, shown in 5. It 
consists of a frame and handle that 
docs not recoil, and a recoiling part 
composed of the barn*! body with 
mechanism and cylinder attached. 

The body recoils on explosion, sliding 
in a groove in the frame, and is 
returned by springs actuating a lever ; 
at the same time a fixed stud works 
in the zig-zag grooves that are cut in 
the outer surface of the cylinder. 

'rho cylinder is rotated by the fixed 
stud for half the movement, then the stud passes 
down the return groove, thus complet’-iig the 
movement. 

The frame is a drop stamping, pickled in acid 
to clean off the scale ; tl.e Hat side surface is then 


milled or shaped straight across the top horizontal 


grooves or su 
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2. COLT REVOLVER 


made on the “ double- 



slides milled out, and the hollowed 
stock is milled or wibbled out by former-recessing 
finger-mills. The main springs are forged from 
spring steel flats, which 
are put in groups in 
special fixtures and 
milled across, then 
bent to shape, oil- 
tempered and adjusted 
to correct weight by 
filling or grinding. The 
barrel is milled some- 
what of hexagonal 
shape, with a solid 
foresight left on. There 
is a solid extension 
strap to the i-oar for 
locking, and a down- 
ward projection to form 
the axis pin joint. The 
barrel is first milled on 
the side flats, and faced 
and drilled and bored. The axis pin joint is 
faced, and milled out by section mills, and the 
holes are drilled through. Tin? hole for the cylinder 
axis tube is drilled and bored. The barrel and its 
extension are milled to section, the 
extension radiused out to suit the 
cylinder, and tho barrel is rifled and 
lapped out. The body stamping has 
a long, rectangular f)ortion to form the 
sides, an axis pin joint projection at 
tho fore cud, and a triangular block at 
the rear with its apex upwards. This 
last, when machined, contains tho 
action. The bottom slides are faced 
and groos^ed out by section mills. Tho 
thrust face is stpiared across and ro- 
ces.sed for the hard steel shield, and for the rear of 
the cylinder extractor, and tho various recesses 
milled out for tin*/ trigger, hammer, and so forth, 
to operate in. Th() cross pin holes aro then drilled 
through a jig. Tho hard st(‘el shu‘ld, after being 


SWING-OUT CYLINDER OF 
COLT SERVICE REVOLVER 



4 . WEBLEY’S REVOLVER, MARK IV., DOUBLE ACTION 


1. Body 2. Barrel and aais complete 3. Cylinder cam 4. Cam lever 


.. — .... - - - 3. Cam lever aciew 6. SUHsk 7. Trigger guard 8. Cylinder and extractor 

complete 0. Cartridge cm«s ejeet««l 10. Barrel cateh 11. Hammer catch Vi. Hammer complete 18. Hammer ewlrel 14. Trigger com pleU IB. Pawl 
18. Main ei^ttg auxiliary 17. Main cptiug J6. Barrel catch eprliig 19. Kxtractor lover 90. Spiral spring, extractor lever 21. Bxtiactor lever auxiliary 
93. Shield 88. Screw, shield IM. Nut, extractor axis 28. Fin, Joint axfe 36. Screw, barrel catch 37. Screw, hammer and trliucr 28. Sorew,. stock 
88 . Screw, guard 30. Sorew, pin Joint axis 81. Screw, cam 32. Sorew, cam lever 88 . Trigger slop 84. Trigger stop spring SB. Screw, hammer catem 
88. Screw, hamiseritopsprtiig 37. Screw, hammer swivel 38. Butt, swivel 39. Spring, spiral 
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faced and machined outside and recessed, is hard- 
ened and ground true. The barrel catch is adjusted 
and fitted. 

The handle and the trigger-guard form the non- 
recoiling t)Ortion of the revolver. The handle lias 
long slides grooved out by section mills in its top 
table for the body to slide on, a recess cut out in 
front, and also a fixed pin to rotate the cylinder. 
The stock ])rc)jecting downward is faced on both 
sides, and recessed out right through by former 
mills to contain the recoil-lever, which is fulcrumed 
at its lower end on a cross- pin. The stock also 
envelops the main spring and sear that hang down- 
ward from th(^ sliding bo<lv. The trigger-guard 
forging is shaped out and &ttcd into the handle 
together with the trigger. The stock is recessed 
by former mills for the two vulcanite side-plates. 
The rear plate of the stock is machined to form a 
hinge at its lower ends to give accessibility to the 
recoil- lever. The vulcanite plates are pressed to 
shape in hydraulic presses, and fastened by screws 
on to the recesses provided in the stock. The 
cylinder is luanufactured as previously described, 
with the exception that in the place of the roar 
ratchet-teeth the ex- 


the interior of the body opened out to square 
section by shaper tools — like keyway Blotters — 
and then to finished size by drawn drift-cutters. 
The barrel is finished, turned, and the foresight 
formed. The exterior is milled square, with pro- 
jecting ribs left on the lower edges to slide in the 
frames. The bottom lumps [BL 1 and BL 2] are 
machined on the sides by gang-mills, and radiused 
for the bolt-lock J^at the front en<l, and also between 
the lumps, forming an oblong recess, which is carried 
up right through the botioin of the body. This 
latter recess is for the bolt-h)ck to pass through. 
A slot to take the stop -block is slotted through the 
side walls near the rear end of the body. 

Holt-lock. This has a tooth shaped crossbar 
at the front end to fulcrum around the front of 
B L 1. Two w'ebs extend to the rear end, joining 
a rectangular block with two locking teeth on its 
upper edge, and two legs i>rojccting do^lnwa^d. 
The rear legs rc‘st on a su])porting lug [S L] on the 
top of the lock-frame ; and this leg, on recoil, slips 
down over the lug, the two legs straddling the lug 
and disengaging the locking teeth from the bodv. 
It is first milled on the outsides, and the recess 
wibbled out. The tooth 


terior is grooved, this 
being done by placing 
the bored cylinder on a 
mandrel, W’hieh is m- 
volved, special revolving 
finger mills forming the 
grooves from a copy. 

These grooves give the 
rotation to the cylinder 
when it recoils and 
returns with th(^ body 
after each explosion. 
The action-limbs are 
machined in the same 
manner as d(‘seribed for 
revolvers. In assembling, 
it must be arranged that 
the slides and grooves 



is milled outside, and 
carefully inside, to form 
a fulcrum. The corners 
left by cutters are cleaned 
out so that it has a 
bearing right across. 

Lock Frame. This 
is slid into the main 
frame from the rear. It 
is of somewhat rectang\i- 
lar shape, with two webs 
projecting to the front to 
(‘inbrace the knife-edgo 
fulcnim upon which the 
rocker works ; also, above 
this is a front-stop cross- 
memb(U’, wiiieh projetis 
over the rear wall of the 


work freely, but with- 5. wkbley-fosbeky AUTOMATIC SKKVirE revolvkh magazine. The main 
out jerk ; the sears rectangular portion has a 

and bents arc adjusted to engage and disengage lug on the top face, and a bnlb projection standing 

correctly, so that as far as possible an even pull up at the rear, the bulb to form a stt)]) for the bolt- 

only is* required on the trigger. The barrel and lock, and a fiat top over which the body slides. The 

body, with the cylinder with the action attached rear of the block is r(^e(*Hsed out to form the? check- 

complete, form a recoiling i»art when the axis- joints for the hammer to work between. The whole 

pin is insertetl. secured in j)osition by a r(‘ar stop-block pressing 

When assembled complete and ready for firing, into a groove in the franie and recess into the main 
the revolver becomes automatic, in that the trigger. frame, and held (lown by a vee-spriug. 

on being pressed, trips a sear and releases a hammer. The stamping is first faced parallel on the sides. 
After the exiilosion the barrel and body recoil, and on top and bottom. The cheeks are milled 

cocking the hammer ; the cylinder is rotated by out, leaving a rear crossbar. The hammer axis pin- 

tho fixed stud passing down one groove, and com- hole is drilled through a jig. Then the front face 

pleting ita revolution, by passing down the other of the fulcrum-bar and the knife-edge of the same 

groove through the reaction of the recoil-levcr moving are shaped, and the hole for the main Bjiring is 

the body forward again, thus bringing a fresh car- drilled out rclativelv to the axis-pin. The top lug, 

tridge into the firing position, and leaving the body the recess for stop-block, and the recesses for lever 

and trigger and hammer ready for firing. The parts and sear on one side are all machined to gauges, 

are case-hardened and tcmjpered where required. using the axis-pin and bottom and side faces as 

Mauser Automatic Pistol. This is illus- sj^tting i)oint8. 
trated in 0. The barrel is a solid steel, stamped forging. Main Frame. The mam frame is a steel 

with a round barrel and solid foresight, and a hollow, stamping. It has two projecting outside top 

square extension forming the body, with two lowei slides and one inside, hollow, deep, oblong sides 

projecting lumps. The barrel is face'd, and then drilled to contain the magazine in front, an<l also the lock- 

from end to end in a multiple drilling- machine; it is frame in rear, and it is continued »lown to form the 

then milled across to square with the body. The stock and trigger-guard. The stamping is first 

rear part is slotted or milled across, and is then faced on the top table, then milled to section out- 

reces^d through vertically between the breech side, to form the guides and faces; also the stock, 

and the body. The barrel ‘is then draw-bored, and The interior is drUled out with relief holes, and 
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6. AJAl'SKIl AUTOMATtC PISTOL 


* oponod out by former mills. The stork is rccossi'jl 
right thiough, except wlu'rc rebated for the vul- 
canite side -plates, and is machined out to form t)i(‘ 
trigger-guard. 

Action. The hamiijer is a staui|aiig. After 
faring, the axis 
j)in-holo is drilled, 
and the faces and 
edges ani nulled to 
template. The front 
projection forms 
the sear-bent, and 
the lower projec- 
tion is left to press 
against the main 
spring plunger. The 
eireuiar huger -grips 
are knurled. 'J’he 
action is then ad- 
iusfcod, hardened, 
and fitted. 

The roekcT is of 
hook shape, to 
engage the tooth 
])rojection of the 
bolt-lock. It has 
a round face, on 
which the main 
spring plunger acts. 

An a X i s • p i Ti is 
driven in to form 
gudgeons. It rests 
on the knife -edgt' 
of the fulcrum when 
the barrel is home, 
but is turned over 
and forced back 
against the main 
spring on recoil, by 
the bolt-lock tooth. 

In manufacture it 
is made, in some 


pin-hole drilled. Jt is hardened on the hook- 
point and fulcrum fac{‘. 

The Bolt. Th(^ holt is milled square in 
section outside, bored froiu end to cud in a multiple- 
(Irill pros to contaiii the striker and its spring. It 

has a long slot in 


C*ltbrM .36. MUiUiy Model 1902, Hiahl Shot MjtgdMne. 
MUo '■fff • jtgos 
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7. COLT AU'iUAlATlC PISTOL 


1. Longitudinal wctlinialvlevatioii 2. Sidv elevation, awiAniblcd 3. Magasiue loaded 4. Jfj 
fijllower 6. Slide took & Slide atop 7. Firing pin N. Hammer 0. Scar 10. Slide 11. 


pit! Rpriiig 
17. Firing ; 


12. sight 13. Lluka ^14. livrel^ 16. Main-spring screw id. Link ulii, shoi t 
’ *' " ' * ‘ “ :ti^tor spring 


ring pin look pin 18. Saar and safety pin 19. Shell extractor 20. Shell extJ 


cases, from a rolled at setn^tor 


Se;u;. safety and trigger spring 28. Main epriiig 20. KJeotor 
“ H4. 8(«lee di). nght and left 

Trigger 38. Magaaliie spring 


section sawn across pm ». lUwdl ring Sl. KJeotor 32. Hecetver 33. Magaelne 34. 8(«lee 
lAnrrfh rnH ift wid <>ecutoh«*«a ». Plug lUke dwwn) ;i6. Follower 37. Trigger a„ _ 

to icngtn, r,na is ao. Swivel 40. Swivel plu 41. Scale scsew* (4) 42. Plug ai.d link pin, long 

then faced and the ‘ ‘ -•- 
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catch 44. Magaaine mtoh pin 


the right-hand side, 
through which the 
buffer-stop to the 
spring ia inserted. 
Th(i fore end has a 
plug i riser tod with 
a taper-hole to con- 
tain the .striker and 
it.s rebound sjiring. 
The rear end is also 
bushed, and tho 
striker pinned . in. 
Tho rc^ar end has 
knurled horns for 
grasping when ro- 
fpiirod to pull back 
by hand, to cock 
tho lock at the 
start, or to fill tho 
magazine. The 
notches arc milled 
across the under 
side. In these the 
bolt -block teeth 
engage and disen- 
gage. A long, V- 
shaped groove^* is 
milled on the under 
side for some dis- 
tance from the front 
end. The top front 
has a recess and 
holes to bod in the 
oxtraotoV; the 
latter is a spring- 
tempered hook, 

. The striker is of 

Magasitm Section steel, and 
is turned down in 


IKtlltt 
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10 . THE MECHANISM OF THE STRAIGHT-PULL MANNLICHER RIFLE 


b. 10. Sear pivot, 
aud trivger gitani 
r retaining Mcrew. 
B screw, id?. Clip 
[ggert 08i KJociw 
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a rotl-fpocl, hollow -spindle lathe* and the ]iX)int 
sul).se(|ijentJy tempered. 

Another very the Colt antoinatie 

]»islol [7]. Its manufacture need not be described 
in detail. Complete sectional views are shown in 
the figure, and a list of the coni]H>n(*nt parts is 
given. It is adopted in the United States Service. 

Another automatic pistol of this type is Brown- 
ing’s Patent, which is used by the iVlgian police. 
Tin' VVebley Automatic has been adopted by the 
Metropt)litan Police. A Webley Semi-Automatic, 
firing •22 cartiidges, is also manufactured for 
gallery practice. 

Mil it ary Ri f I ea. Most of the modern military 
rifles have the door-bolt type of breech, and steel 
barrels, fitted with walnut stock, the cartridges 
being fed up from a magazine carried below the 
butt and in front of the trigger guard. Typical of 
this class are the Lee-Enfield [8] and the Mauser 
[9], the former being ihsed by Great Britain, and 
the latter by Germany, Belgium, 

Spain, Turkey, and otlier countries. 

The Maiilnlicher flO], as used by 
CJreeco, Holland, an<l Italy, is another 
c.varnple of th<^ prevailing type. 

The chief difTc'rence in the breech ‘ 
locking is that the lugs in th^ Mauser 
are at the fn)nt of the bolt and elos»^ 
up to the barrel, whereas in the Lee- 
Knfield they are at the roar.^ which 
some hold is bad practice, as tlTc^ ])rc'S- 
sure tends to spring the bolt on an <‘x- 
ocssive pressure obtaining: moreover, 
as -a long pillar jiractically unsup- 
ported, it is mechanically wcak(.'r. 

The Lee ■ Enfield Rifle, 

The number of component parts of 
the Ijee-Knfickl is much in excess 
of the Mauser or Mannlicher, but it 
has come out fairly satisfactorily 
through severe campaigns. The 
barrel is made from ('ithcr high 
carbon ” or "‘^niild ” .steel. It may 
be rolled, us at Enfield, from a round 
bar of suitable dimensions through 
a series of fen pairs of rolls arranged 
alternately vtrtically ami horizon- 
tally, wliich elongate the barrel and 
taper it in transit, all in one heat. 

The work put on the })arrcl mate- 
rially im])roves its capacity for 
staifding the strain of the explosion. 

It is also claimed that this method 
enables the barrels bet ter to retain their .straightne.ss 
during the drilling and following <JiK‘ration. Jhit 
satisfactory barrels are also obtained by the use 
of th(? “ Byder hammer,” w^hich consists of a 
number of pairs of semi -circular dies graduate<l in 
size, the upper of which are caused to move rapidly 
up and down by eccentrics. 

After this process the enlarged breecli is stamptnl 
by steam or power hammi'is between top and 
bottom dies. The barrels arc then coki straightened, 
either in rolls or in the machine shown in 11. 
They are then spun on centres, and finished, 
straightened by hand hammers very rapidly by 
experts, turned and clamp milled; that is, by 
revolving cutters to gauge sizes in three places. 
These turned portions arc called s(>otting points, 
the subsequent taper-turning work having reference 
to them ; the ends are faced and centred, and 
afterwards drilled in a spMiial drilling machine. 
In the o^er practice, which is much followed, 
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the barrt^l is drilled from both ends at tne same time, 
the barrel being revolved at about 1000 revolutions 
per minute, half-round bits being used, and at 
the same time a copious supply of soapy water being 
pumj^ed at high pressure on to the cutting face 
through small brass tubes, carried along with 
the bits, thus washing the turnings out backwards, 
and also keeping the bits cool. The bits are made 
to vibrate to clear out the swarf more effectually. 
On arriving near the centre the operation is com- 
pleted by one set of drills. In later practice, 
however, the barrel is drilled from end to end 
in one operation only. 

Draw boring follows this operation with a three- 
cornered bit of short h*ngth, the barrel revolving 
at low speed. It is again set as required. The 
barrel is then further turned, using the two spots 
at the ends and others in the centre, by several 
cutters or tools, the barrel being s])ring-supportcd 
by bael: rests ; these latter, and the cutters, travers- 
ing the bed automatically, copy th( 
taper or shape required from a fixed 
tangent bar. 

After rtmgh tuniing, the barrels 
an* straightened by the barrel .setters. 
In the old method the st^tteis place 
the barrel at an angle with the muzzle 
toward.s a window with a horizontal 
board in its top pane, and, looking 
til rough the bore, oViserve any irre- 
gularity of the “ shade " or shadow 
that is cast on the bottom of the 
b()r('. They then place the tube or 
barrel aoros.s a hollow anvil, and 
give blows with a curiously shaped 
hammc'r. In the sighting and setting 
the men acquire' marvellous dexterity, 
and arc abh^ to make the barrels 
absolutely straight in bore. Tho 
modern method depends on the 
observation on the multiple reflec- 
tion of the muzzle, the setting being 
done mechanicsally [II]. Tho barrel 
is fine bon'd with fi square bit, one 
or two comers of which are kept from 
touching tho bore by wooden spills. 
Packings are inserted between tho 
spills and tho bar, to compensate for 
the wear of tho cutting edge of the 
bit. Tho barrels are now second 
turned and polished, and are then 
ready for rifling, 'and again set. 
Furthermore, \hey are now tested 
in a machine for truth of boro, and any want of tmth 
is indicated by the long arm of a lever of bell-crank 
shape ; the short arm rests in the boro of barrel, 
which is sjmn on a tension mandrel. 

Rifling. Tho usual method of rifling fS R*] 
adopted in England is the old single hook cutter 
method. In tho machine [12] tho tool, when yass- 
ing up the bore, is drawn in like a cat’s claw, and 
then, being drawn out towards the muzzle, the 
hook tool cutter is pushed out. Each separate 
groove is thus cut or planed out to the required 
depth in the bore, while at the same time the required 
twist is given, in some cases by a fixed tf^ngent bar, 
which causes a rack to traverse across the slide rest. 
In doing so its teeth engage those of a p^ion 
attached to tho rifling bar, thus causing it to revolve 
and in this manner to produce the required twist. 

Other methods adopt , a tail rod-^that is, a cbii 
tinuation of the rifling bar, having grooves with a 
twist identical to that required to be produced in 


BARREL- STBAIGHTENINQ 
MACHINE 
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tho barrel. Each groove engages a white metal 
stud, which causes tho tail rod to revolve, and thus 
directly imparts motion to the rifling bar. With its 
cutter box each groove is planed out separately, and 
its relative position to tho next groove is guaranteed 
by advancing one notch of the division plate at 
tho end. Tho rifling tool, or cutter box, is shown 
in detail FIB], and will be described. Oil under 
high pressure is continuously pumped through a 
small tube on to tho cutter ; the shavings as they 
are drawn back are examined by the rifler, and 
form a good criterion as to tho state of the cutter 
and tho inside work. Great care must bo taken 
not to tear tho grooves, but to get a clearly planed- 
00 1 cut from end to end. 

Rifling Head Cutter Box. In this 
machine fl6] tho hooked cutter C at the end is 
solidly backed up by stop plunger P when cutting. 
Tho depth of tho cut is regulated by screw adjust- 
ment, A, and an incline piano, I, up which the 
cutter is pressed by tho spring S acting on its tail 
end. It will be seen that when making idle strokes 
up the boro tho cutter is pushed down against the 
spring, but when returning on the cutting stroke it 
is pressed out again to the stop P. Other countries 
uso drift cutters following each other through the 
boro with quick, light feed, each drift following 
closely to tho other. After rifling, the barrels are 
lapped out with lead laps in a lapping machine, and 
then pass to a polishing machine, which takes th*. 
grooves. Finally, a high revolving cylindrical lag 
finishes tho lands — that is, tho projections between 
tho grooves. Tho thread of the breech end is then 





13. LOKWE’s STOCK TURNING MACiriNK 

on the breech end with a touch-hole through it, and 
returned duly stamped if correct. Tho barrel is 
then chambered to suit the cartridge. 


MAGAZINE llIFLES USED R . VARIOUS OOVERN^VflCN'TS 


Country . . | 

Austria, 
BUIiOARIA, 
AND ORKECB 

Great Britain 

- # 

i 

France 

Japan* 

U.S.A. 

pattern ot the year 

1805 

1007 1 1907 

1880 • i ! 898 

1900 

1903 

Designation 

^lannlicher 

Ti('e-Knrteld Short Lce- 
Char«t?r ; Enfield 
Loading | 

Lcbel 

Mauser 

Year ’38 

Short 

Magazine 

No. of cartridges 
in magazine 

5 

10 

10 

Tube 

Magazine 

8 



.5 

\Yeight : 

Without bayonet 
With 

Length : 

Without bayonet 
With 

B.arrel : 

Length In. 
Calibre in. 

Muzzle velof'ity 

S lb. H oz. 

8 lb. 15} oz. 

4 ft. 2 in. 

4 ft. 11-5 in. 

30-12 

•315 

2034 

0 lb. 4 oz. 
10 lb. 31 oz. 

4 ft. 1-5 in. 

6 ft. 1-5 in. 

30-19 

-303 

2060 

8 lb. lOh oz. 

9 lb. lOi oz. 

3 ft. 8-5 in. 

5 ft. 8-7 in. 

25-10 

-.303 

2060 

9 Ib. :u oz. 

10 lb. I'i oz. 

4 ft. 312 in. 

5 ft. 11-84 in. 

31 406 
-315 

2073 

Olb. 

Olb.lloz. 

4 ft. 1-4 in. 

5 ft. 9*75 in. 

290.5 
•31 1 

2882 

a lb. 91 oz. 

9 lb. 8J OK. 

4 ft. 2-5 in. 

5 ft. 5-5 in. 

.31*3 

•256 

2390 

a lb. a oz. 

9 lb. 8 oz. 

3 ft. 7-212 In. 

4 ft. 1 1*212 in. 

23-79 

•30 

2600 


Mauser also used by Belgium, Spain, Turkey, and Braxtl. Mauniiclier also used by Rumania, Holland, and Italy. 


cut and rectified, and tho barrel finished outside. The barrels aro then browned. To do this they 
cut to lepgth, and the muzzle end finished. Tho are first plugged at both ends, boiled in soda water, 
barrels are then sent to proof with a screwed plug and covered with lime, then dried, and then 

immersed in *a heated acid mixture and 
rusted, then scratch brushed. This treat- 
ment is repeated till an ev<?n surface is 
obtained. The barrel is then dipiied into a 
bath of soft water with alkali to kill the 
acid, then cleaned off, and polishetl. Tho 
resulting surface is now practically rust- 
proof. The bolt and other components are 
also browned. After tapping for the sight- 
bed screws, and various ins|>ectioii8, the 
barrel is ready for sighting. The barrel is 
adjusted, and the sights fitted on and 
tested, then breeched up, and it must 
be correctly in line ; also, when the barrel 
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14. DIACJRAM OF KFFECT OF 
(llOKK HOniNG ON SHOT 


\h aorowod up dead home the sights must be 
absolutely vertical. 

Action Aody. The body [8 S] is m&de from 
a special mild steel, which is first broken down 
roiighly to shape from the bar, and then starnp-^d, 
after which the fins 
or extruded metal 
are cut off. The 
forging is then })ox- 
anncMiled in char- 
cfuil for half a day, 
after which it is 
pickled and placed 
in a dilute acid 
bath, which cleans 
off the scale. It is now ready for the various 
machining operations. 

The body is first faced at both ends, them centred, 
and the breech face and the body drilled for the 
bolt hole in a imdtiple drilling machine ; this hole 
is then drawn uiel fine bored. The hole in the 
socket end is tlrilled and 
t apped, in a jig or fixttire. 

The recess for the breech 
screw is now opened out 
to the tapping diameter. 

It is then tapped in an 
automatic thread -milling machine. The work 
hold in a special chuck, and a milling bob is rapidly 
revolved, cutting into the bore to the full depth of 
the thread. The chuck portion with the work 
makes one revolution, but during this revolution it 
also has a longitudinal travel imparted to it by 
cams, equal to the pitch of the thread. By this 
moans the whole of 

the thread is ob- 9 ^ AT/ 

iained. The machine = 

has all its motions 
instantaneously ar- 
rested on the com- 
pletion of the revo- 
lution by automatic 
gear. The face is 
then milled off accu- 
rately . The t h read 
an<l face, togeihei’ 
with the bolt hole, 
and with the tappcMl 
hole in the socket 
end and a flat face 
that is milled on for 
the tongue, form the 
spotting points or 
working faces, which 
enable the subse- 
fpient operations to 
be carried out rela- 
tively to them in the 
numerous jigs and 
fixtures. 

The body in suit- 
able fixtures is now 
passed to tho various 
milling machines, tho 
slides and various re- 
cesses accurately milled out to the correct contour 
and depth by former or profiling mills. Generally 
tho latter consist of two overhung spindles on a 
vertical slide, parallel and connected to each other, 
one having at its lower end a pin or stylus, and tho 
other having cutters. With this arrangement and 
that of the freely moving longitudinal transverse 
slides on the machine, any template or former fixed 
alongside tho work will be copied, by the cutters or 
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mills grooving out tho solid metal as required. In 
addition to this some of the jigs allow the work to 
swing to cut out radial recesses or slides, and in others 
an end-on movement is given to form the helical 
recess for th" locking lug. The bo ly is hardened at 

tho recoil shoulders. 
The stamping 
in its finished state 
weighs only about 
one-fourth that of 
the original, show- 
ing tho large 
amount of machin- 
ing done to this 
part alone. The 
aclion limbs arc stamped out of high-grade steel 
and machined. 

Bolt. This [8 1] is of crucible steel, and is 
stamped hot, and the han<lle st‘t, finned, and then 
])ickled to clean any scale off. It is then faced on 
both ends and turned where, possible, and the knob 
milled. Tho ribs, ete., 
are milled, and it is then 
drilled through to con- 
tain .the striker, then 
finished mille^. After 
one hundred detail opera - 
hardi‘n(*d and tempered and 


16. KI FLING MACHINE CUTTER BOX ItEAD 



MARTINI ACTION DIAGRAM 


fi. striker ; b, liulioatur ; r , tumbler ; d, trigifer ; r, iritrifer-Hpilnjr ; /, extractor ; a*’, Wo ;k 
orlKilt ; Wilt retiiliiiii|jr auil uporathig inccliaiiiMu ; //, triKStr-t^uard ; i, Mtoek- 

bjit; /. Je^er; giiaixl -keeper m-rew ; /, Imrrel-lucking twit; f/t, Iwrrol ; «, WMly; 

bpi'liig; /, forc-end; v. rore-eiid awlvol-eye; r. butt; s. eloiiiliig-r«Kl hole 
111 body ; n rjrj ^ 4 , carti ldge feed lucchaiili .“ubwldlng action Hprliig. 


lions, the bolt 
Rtraightcti(‘(|. 

Bolt Head. The bolt head [8 H] is made of 
special gun -iron ; it is a f. urging in most cases. 
After the fa dug and milling of the faces, tho striker 
hole is gradually opened out anil eoned, the stem 
turned and screw milled, aiul the various recesses 

milled and slotted 
out. There are sixty 
operations. The head 
is then hardened, the 
screwed part being 
proteeted by fireclay. 

S t O C h 8. Tfie 
stocks are of Euro- 
}>ean walnut well 
se^isoned, and with- 
out defects. The 
blocks are rough .sawn 
to shape and turned 
in a copying lathe by 
revolving cutters, as 
.shown in, 13, &.nd. 
grooved out for the 
barrel, magazine, and 
so on. In the ca.so of 
the Mauser, the stock 
is in one piece, but 
tho English rifle is 
divided into two 
])arts, tho butt and 
fore end [8 Q and P |. 

The barrel and 
body with bolt«head 
and action are now 
placed in a carriage 
for final proof, and 
tho compression of a 


5ppcr crusher-gauge in rear of the cartridge head 
fferred to, a known deflection of a similar copiKjr 


cylinder, enables the maximum pressure on the base 
to bo obtained. Tf correct, tho parts are then proof 
stamped. The whole is now assembled on the stock, 
examined, adjusted, and tested on tho range. 

Tho Mannlicher and Mauser bolt and action are 
much simpler, and can be stripped by hand in a 
few seconds. They are also much simpler for 



manufacture than the Enheld, and the bolt Btands 
up to the work better. Recent experiments have 
e^hown that they will sustain pressures very far in 
excess of that for which they are used. 

The table on page 2507 gives full particulars 
oHhe magazine rifles used by various Governments. 
The tendency now is to make a lighter bullet, by 
decreasing the weight of the lead interior towards 
the nose, or by decreasing the calibre of the rifle, 
but should an absolutely reliable automatic rifle bo 
produced, it would no doubt be adopted, if the 
difficulty of ammunition supply in the field can bo 
overcome. The best military rifle at present 
nanufactured is the 7 rn.m. "Mauser with which 
the Brazilian Army is provided. It shoots a light 
bullet with a velocity of over 2900 feet per second. 

The Miniature Rifle. The groat extension 
of the Rifle Club movement during recent years 
has made the *220 calibre, or “ miniature ” rifle, a 
weapon of considerable importance in the gun trade. 
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•220 cartridge (which had already established its 
reputation) necessitated that the striker should 
impinge on the rim of the cartridge, the edge of the 
chamber being used as an anvil. In the converted 
rifle Greener overcame this fliffioulty by boring the 
barrel excentrically so that the axis of the barrel 
and the axis of the bore were not eoinckbuit. These 
converted rifles are sold for 24s. or 25s. through the 
National Rifle Association or the Society of Minia- 
ture Rifle ('lubs. Most of the conversions arc made 
by Birmingham gun makers. 

During the last five or six years a large trade lias 
grown up in speciMlly designed '229 rifle's made with 
the sole idea of giving the utmost perfection in target 
shooting. The B.S.A. *220 rifle, in its various forms, 
is a good example of thesii special targe^t rifles. The 
action is a small, modified Martini, so arranged that 
by the removing of a single tluimbseri^w the whole 
action can be removed in one yiiece for cleaning or 
examination. At the same time a hole in the roar of 



THE LEWIS GUN BEING FIRED FROM AN AEROPLANE 


Th^'*S20 rim -fire cartridge is of American origin, and 
the *220 rifles came from the United States. 
They mvo hammer action, usually of the sliding or 
falling'block, lever operated type, and though some- 
what roughly finished were excellont in their 
shooting qualities. Some of the American pattcni.s, 
such w the Stevens, Romingt(»n and Winchester, 
are st^bused in this country. 

The great popularity of the *220 calibre rifle was 
made possible by the perfecting by W. Greener, 
the well-known gunsmith, of a system of converting 
»tbe old Martini -Henry Service rifle into a miniature 
rifle by substituting a *220 barrel for the old *450 
l>pre barrel. This conversion presented several 
technical diffiotiltievS, the chief of which w«w that the 
Martini action was designed so that the striker would 
impinoa vertically on the cap in the base of the 
cartridj^. The construction of the cheap and reliable 


the action body is exposed, and permits of the 
barrel being cleaned from the breech end. 

Automatic Rifles. The true automatic rifle, 
in which the mechanism is made to eject the fired 
case, load in a fresh cartridge, and cock the action 
by utilising the forces generated by the explosion of 
the cartridge, is looked upon by military experts as 
the small-arm of the future. There are se^'eral 
types now on the market, some well and some ill 
fitted to the dangers and difficulties of active service 
work, but the opinion seems to be that there is not 
yet extant a weapon so near the ideal as to warrant 
any nation arming her troops with it. 

Automatic rifles are designed on one of two 
principles. Either the work of ejection, reloading, 
and so on, is done by the force of the recoiling barrel, 
which, coming bade on a fixed part, as in tno auto- 
matic pistol, operates the mecuanism, or some of 
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the gases generated by the explosion are tapped 
sonio (lisfanee from the muzzle, and the force is 
utilised to drive back a piston which acts as the 
ejector and load(T. The first type arc known as 
(jan o'p( ration and the 8(*cond as rf^oil operation 
automatic arms. It is usual in automatic rifles to so 
arrange the action that the trigger has to bo |uilled 
to tire each shot. In weapons of the Maxim or Lewis 
machine -gun type the contrary is the rule, and the 
weapon continues to fire as long as the trigger is 
kept pulled back and there is ammunition [25]. 

One of the chief problems that has to be solved 
before the automatic riflo can become the standard 
military small-arm is that of secniring an adequate 
supply of ammunition on the fi('ld. 

Sporting Guns. Sporting guns are made in 
great variety, and include single and double barrel 
shot guns, smooth bore, also rifled express guns. 
Today they are chiefly hammerless breech-loaders. 

I’hc smooth-bore barrels are made from either 
(1) twisted and welded Damascus type, or (2) high- 
grade steel of special quality. The Damascus 
barrels have a beautiful pattern upon them, due 
to an arrangement of iron and steel twisted bars; 
the steel of th(‘S(‘, when acted upon by acid, remains 
light colour and the iron brownish. The effect is 
produced by first piling the iron and steel alterna- 
tively with a larger proportion of steel for strength, 
then by rolling the same into rods, prcdt'rably of 
square section. In the English Damascus type 
three rods arc taken ; eacli is twisted on its own 
axis and then rolled together in a mill to iht^ form of 
a ribbon. The ribbons are then coiled by gearing 
over a loose corebar. The coils arc then brought to 
wehling heat and welded around a mandrel by 
hammering. The thicker coils are then interlaced 
or scarped on the muzzle portion of the barrel, and 
the whole is drawn out to the required thickness 
and the ])rotruding metal is cleaned off. It is to be 
noticed that the metal must bo kept free from seale. 

'riic resulting patt(‘rn in this type is that of a 
chain of interlocked circles. This type of barrel is 
now being rapidly suporsede<l by the w<'ldless steel 
tube, which is more suitable for the modern nitro 
powder and the gun of the hamincrlcss drop-down 
typo with double extraction. 

Jn shot guns the tubes may be drilled, drawn 
down, or of drawn tubes, or forg(‘d out of the solid 
and drilled, as in express riflc*s. The usual methods 
of boring are somewhat .similar to those described 
under rifle manufacture. 

Xhc latest practice is to drill through the bar of 
steel from end to end (instead of from each end 
and meeting at the centre) with a J^oewe drilling 
machine, and finish the boring in one process, any 


straightening being done mechanically or by hand 
setting. These tubes are then finished bv the gun- 
maker, and finished bored or choked to "his special 
requirements. 

The outsides are not turned, but ground» true by 
hand. Also, in addition to this, many barrels arc 
choke bored. Tn choke boring the muzzle is con- 
tracted to concentrate the shot, and give a denser 
“ killing circle.” This is done by finishing the boro 
at the muzzle end with special tools of smaller 
<liametcr than the main bore, but some makers 
contract the muzzle b}'^ dies in the hydraulic press. 
The effect of this choking is shown in- the diagram 
[141. 'J ''ho bores are lead lapped out to get a fine 
polished surface. The tubes are subjected to a 
provisional jiroof to test the barrel, and afterwards 
to a definite proof. 

Tn <louble- barrel guns the tubes after proof are 
assembled and fitted together by the barrel filer with 
their ribs, lumps, and the like. The top and bottom 
ribs are fitted and jointed up, the inner edges of 
the barrels Iw'ing filed so that they convergt^ The 
top ribs may be fluted or shaped as clesinid. The 
breech lumps and wedge jiieees are brazed on. 
The breec'h body, already machined, is now fitted on. 

The jointing up of the breech is an important 
item in drop-down guns, and these parts are filed 
and scraped to fit together in tin? most careful 
manner. The holes and ends must also be dead 
square, so that all parts transmit the shot^k to the 
fixed brct'ch, but at the same time the gun must 
oj>en freely and with regularity. The locking 
bites must be tight with no slogger. The ex- 
tractors, which have usually two legs, an^ fitted 
in to work freely, and the end faces when homo 
must not project beyond the breech cntl of the 
barr(‘l. 

The breech body is usually made from a solid 
forging with front or fore end proj(*rtion, a flat, 
squarish part for the jnechanism (action). This 
block is machine recessed for the mechanism, but 
in many eases two side lock plates are fitted to 
carry the Jock mechanism. 

There are a great variety of extractors and 
ejectors; many of tlu‘se are actuated by the fore 
end, which eases the cartridge case and flips it out 
completely when clear of the standing breech. At 
the same time the mechanism cocks the hammer. 
In all cases the striker must be ck'ar of the barrel 
face before the gun is opened out. 

The body fore end and action and lock jdates are ’ 
hardened in animal charcoal, or the steel action 
eomponents are hardem^d and tempered by gas- 
muffle furnace by the aid of oil and water hardening. 
The walnut stocks arc sometimes shaped (as 


TABUS OF MINIMUM .SHOT-GUN <TI AMBER .SIZES 


Bore of 
Gun’ 

Mean 

Oiaiiieter 

of 

WaddiOK 

1 Lenfib of Chanibet A. 

Depth of 
Rim B. 

Lenitlb of 
Chamber 

Taper A-B. 

Diameter 
at Front 

Calculated 

1 aper. 


size of 
Head 

Radius of 
Rim Circle 

Nominal. 

Decimal. 

lliil 

bur 

Chaalber^ 

4 ( 93.S) 

948 

4 in 


130 

3870 

I 035 

iDoet not apply! 

1 0900 

1090 

1-200 

o3h 

8 <-835) 

•845 

in 

3250 

•115 

3 135 

•914 

015675 

9297 


1035 

•020 

to (-775) 

•784 

3iin. 

3-250 

•074 

3 176 

•845 

•015880 

•8609 

861 

•933 

•020 

10 (-775) 

784 

22 m 

2 875 

•074 

2801 

•845 

•014005 

•8.S90 

•859 

933 

•020 

12 (-729) 

738 

3 m. 


•074 

2928 

-800 

•014630 

8146 

•815 

886 

•020 

12 (-729) 

738 

2| in 

2-750 

•074 

2676 

•800 

•013380 

8134 

• -813 

886 

•020 

12 ( 729) 

738 

2|or2,», 


074 

2486 

•800 

012430 

•8124 

812 

•866 

•020 

14 (-693) 

•702 

2} oi 2A 


068 

2492 

•763 

012460 

7755 

775 

847 

•020 

10 (>662) 

•671 

2| in. 

2750 


2 688 

•782 

•013440 

•74.54 

745 

815 


16 (-662) 

•671 

2* or 2A 

2-560 

■062 

2498 

•732 

•012490 

•7445 

•744 

815 

•020 

20 (-615) 

•623 

2f in. 


•060 1 

2-690 

685 

•013450 

•6985 

•698 

766 

-020 

fO (-615) 

•623 

H OI 2ft 

2-560 


2500 

•685 

•012500 

•6975 

698 

•766 

•020 

24 (-579) 

•587 

2|in. 

2 500 

060 

2-440 

•649 

•012200 

•6612 

•661 

728 

020 

28 ( 350) 

•557 

2| in. 

2 500 


2-440 

-614 

•012200 

•6262 

626 

688 

•020 

32 (-502) 

•509 

ID. 

2 500 


2-440 

■562 

012200 

5742 

•574 

636 

015 

410 (-410) 

•415 

2| m. 

2-500 


2440 

465 

•012200 

4772 

mlm 

537 

•015 

340 (-360) 

- 363 

l{ in. 

1-750 

•050 1 

1 700 

.415 

•008500 

4235 

HQQ 

•479 

•015 
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• 19 . MAXIM AUTOMATIC R.O. OUN 



20. LOCK OP AUTOMATIC R.C. OUN 



21. FEED BLOCK OP 
AUTOMATIC H.C. (iCN 

(section) 



22. FEED BLOCK OP 
AUTOMATIC K.C. OUN 
(PLAN) 


described in riilc manufacture), but in sporting guns 
most of the stocks arc varied in length, set, and 
shape to suit the balance of the gun and the 
purchaser. They are highly finished and iiolishcd ; 
also, the gun may be finally decorated by engraved 
lines. A’ list of the approved minimum dimension.^ 
for various gun chambers is shown in the table 
from “Arms and Explosives ’ at the bottom of pre- 
ceding page, which refers to the dimensions of 15. 
The taper in all cases is '00.5" yier inch in length. 

A recent development in gunmaking is the 
resuscitation of the “ under and over ” pattern, in 
which one barrel is placeil on top of the other. This 
system iindouhtedly gives many advantages, but 
one of the difliculties is the placing of the trigger 
and ejector mechanism. Several patimts for under 
and over action have recently been granted. 

Maxim Automatic Machine Gun. It 
is necessary to explain that this gun is fully auto- 
matic — that is to say, after firing the first .shot the 
explosion causes the barrel and lock to recoil 
together and the following cycle obtains, 1'he 
empty case is withdrawn from the barrel at the same 
time that a loaded one is pulled out from the belt. The 
barrel returns home again, causing another loaded 
cartridge to be broiiglit forward in the belt, into 
the feed box, by moving the. belt. But the lock 
continues its rearward course, cocking the lock ; 
and, coming forward again, raises up and inserts 
the loaded cartridge into the barrel, seizes another 
full one in the belt, having ejected the empty cH.se ; 
and, lastly, when the breech is quite securely home, 
the trigger is tripped, releasing the firing pin, and 
again uring the gun. The recoiling parts of the 
gnu are brought back by a strong fusoe spring 
situated at the left-hand side of the gun. That 
the reader may follow out the action of the gun, 


and so become acquainted with the various parts, 
wc re])rodu(50 draAings [19 t.) 23] furnished by 
Messrs. Vickers, Sons, & Maxim. Each part is 
numtend o.i the drawings, and the iinmes .of the 
parts to which the numbeis rcl its are as follow. 

1. I,ook <'iiNiii|r 2. S;ifetVMH/ir .‘t. SearHi)rii)g 4. Swir axl>i pin fi. Firing 
pin 6. Tumbler 7. Tuui»*:er liXl# pm S. Trlgver H. Trlgiror axlii pin 
JO. iHK'k npriiig 11. Extractor Icvarx 12. Axis of extractor le>«ra 
13. liuwer cxtrsclor stop. 14. Hid# levers 18. Side lever axis pin 
18. Kxtmctor 17. Curt ridge groove# IS. Horns of extractor 10. Upprr 
rxtinctor stop 20. Not'li for extractor liuldhig up s|iiiiig *21. Ililt 
‘J2. Oibspiiiig 2:<. (lib cover 24. Extractor spriog 2*'. Coimectiiu rod 
28. Cniiik pin 27. t'runk 28. (Jiank shaft 2!t. ('oimenliiig rod nut 
:M). Washer for c jiiiiecting rod 31. Recoil iiliLts 32. tiariBl ;M. Ejector 
tnlw 34. Kject.or tube .xpiing .l.’i. Crossheaii Joint pin hoie 38. Trunnion 
block .37, Inside c:un .’li*. Ouniiclure for indtesbis pm-king :!>. (.'over 
Joint pin 40. Cover 41. Tangent sight 42. Tangent Mghr spring 
43, Cover bliwk 44. Cover l<»ck 45. (.'over ItKk sjuiiig 48. Rear 
croiwplwo 47. Firing lever 48. Trlgvor biu’ 40. Firing h*ver spring 
50. l>oubl« button on ftflng Ismt 51. Aui.oiouiic safely catch 
spring C‘2. Milled head wlih n.l brnsli 53. Hottom plates 54. Hole 
for elevating Joint pin 08. Outside plates bn-ech casm,' 58. KilUligdii 
piece. 67. L'runk i-oller f»s. Kullcr B'j, Clu'ik lever 80, Knob 
on crank handle 81. (.'rosahcaii lu« 82 Fusee spring >s»x 83. Fuse# 
spiliig 84. Fusee llitkw 88. Feed block (M. Bottom istwl sxls 
pin 87. Hottom imw'.s 88. Top pawls 83, Feed block slide 70. Feed 
l»I<M'k lever 71. Bracket retaining feed block lever 72. Hpring 
lutuiliing feed block lever biucKet 73. Top pawl axis 74. Top 
pawl spring 75. Hexagon of ciank shaft 78. Fusee ^prlng adjusting 
screw 77. Flwee 78. (rank liearlng 70. M'ot In oulsid- plates 
In whieli crank bearings move 80. Ktop sciew for firing b ver 
ffi. Firiin( lever axis pin 82. Hear cio.s»plece fixing pin Wl. Auiuinatio 
safety catch .84. (liiidcB in wliic )i flanges in lock iii <ve 85. Crunk stop 

Pr< Jcctlon on trigger Iwir 87. Extractor firing pin hole 88. Hte.am 
tube m^i ket linar) 82. Holes in steam tuls* 00. Kciew fixing steam tuls# 
91. Kinplyingplug Vi, Filling plug 93. Mus/.]s altucbiiiunt 04. Muzxle 
attachment ping 9.5. Hteam tube 98. Slide valve 97. Water Jacket 
W. StoHiii tub# socket (front) 99. Steam e.srape hole 1(10. End cap 
201. (Sas escape holes ill iiiu/xle aUachmeiit 102. Muzzle asls’st us pack- 
ing 103. Foresight fl,\ tug screw 104. Foresight J05. Cork ping 10 ». Feed 

block .spring guble tor cartridge cunuelure 107. Cariridge stop 

It is to be noted that when firing automat it-ally 
a comjilete cycle occurs in the space of j^oth of one 
second. 

Barrel. This is of very high grade “ Vickers * 
steel drawn down under a Bydcr hammer from a 
round bar. While at tlie muzzle end it is about the 
same thickness as a rifle barrel, it is much larger at 
the breech cud. At this end it has a reduced part 
reinforced by a block with barrel trunnions on each 
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end. This is scrowod on to the barrel, and has rn At the side are two dovetails to form a rigid 
it a stud on each side called the trunnion bearing to connection with the casing. This casting requires 

attach it to the recoil plates, and is recessed for a very careful coring and moulding to prevent con* 

cartridge head and extractor. The barrel is bored traction flaws. After casting it is pickled and 

and finished, rifled and chambered in a similar sent to the machine shop. The sides are planed 

manner to the ordinary rifle barrel; but it is also or milled parallel, and the fore end turned and 

hardened internally for some distance from the screwed. The front and rear faces aro milled to 

brccch to withstand the high to in pe rut lire of con- length, and the male screw thread is cut on its 

tinnous firing. This is done by heating this portion fore end. 'J’he holes for the asbestos- packed barrel 

of the barrel, after it is rifled, in a miiiflc, and then breech arc bored out and carefully finished to give 

by attaching an oil and water injection pipe, a good sliding fit to the barrel. The top face is 

through which first oil is forced ami then water. milled across, the hinge cheeks milled through, and 

This gives it a harder surface well in front of the the pin holes drilled. The dovetails must be very 

(diambcr that to some extent prevents the lands and carefully machined and fitted on to the casing, 

grooves being washed away or eroded by the flame being driven home with a raw hide or lead hammer, 

of the nitro-cellulose powder. It is then finished. It is drilltxl for the axis pin and recessed for the 

chambered, and touched up. bobbed out to correct extractor spring. 

any little irregularities due to the hardening pro- qphe Tube. When this is of bronze it is a 
cess, and finished turned, and also has a ilepositcd cylinder cored hollow ; it must not be ])orous. It 
copper coating on its outx^r surface ; the breech turned up and polished outside, screuvd at both 
block is then wirewed on dead home in such a way ends, and the sight bod is machined. A water plug 

that the axes of the trunnions are at right angUs and drain plug are screwed in. When in position 

to the axis of the b irrcl. it must be adjusted so that the sight is vortical. 

Casing. This consists of two plates with two Front Cap. This is a bronze casting with 

hardened cam plates riveted on, a bottom plate, front gland, with asbestos jiaekiiig to make 

a rear crosspiece, and a hinged top cover, r- — ' - ' nr ^ hydraulic slide joint. There are screwed 

The side plates are of saw plate cpuility, and plugs to receive t!ie steam tube end. When 

are first flattened out, and then edge planed, f. assembled, a boring bar is passed through 

drilled to template, and two hardened earn this gland and the bearing in the rear 

plat(5s arc riveted on inside. These control Li* block to ensure correct alignment, or 

the path of the carrier. In each side phite this would grip the barrel and prevent it 

is a gap extending to the rear <‘dge, for the sliding jnopedy. 

crank bearing of the recoil plates to slide LocK Frame. This j20] is of steel, 

ill. The rear portion is milled to a V broken down from the bar, and is a biuiu- 

shape, and iillingdn pieces are titled in, to tiful stamping with the vertical horn web 

close this portion. They can be removed and slides, also side trunnion projections 

when the rear block is taken olT, so that ’ raisiHl un. It is first faianl on the front 

the barrel and all the action can he with- ' Cjl 1 and wihbled out on the 

drawn. The bottom ])late is of bronze, ^^ides, and the two solid side trunnions 

It is drilled, and the side plates are jS5 ^ 're formed by hollow mills through a 

livetcd to its angle fillets. There are also LS5 fixing. Then the interior is milled out 

gaps machined through for the fecMl box, < — I between the side cheeks in a jig, using the 

and pin holes for the spring box on (lie I maebined surfaces as spotting 

left-hand plate. j points; then a guide race for the firing 

Cover. The steel cover lias a gun- — " — pin is slotted out b^iigitiidinally, the 

metal casting with earn projections down- 23. FEED BOX striker hole is eoncil out. and the top 

ward on it to ensure the extractor drop- aed belt, MAXIM »top machined. After the outside (^f 

I ling on recoil of the look. 'IMiey also r.C. OUN tke side walls are machined, the ])in 

[eep the lock down when back. This holes are drilled and reamered out 

easting (which also contains a ri'eess for the through a jig, so that they are true to iiiteh and 

bai^ksight spring) is machined first and riveted in sipiare with the rest of the lock frame when the 

the correct position; a sjniiig catch is fitted on the lock frame is completed outside. The side levers 

reaf end of the cover. Holes are drilled for the are previously machined, are slipjicd over the side 

tangent sight in Hie upper face, and a rnilleci-out bearings, and joined together at the rear by riveting 

hinge piece is riveted on the front end. The rear them on a square block. The block has a pro- 

crosspiece is a giinmetul casting with a bottom jeetion rearward forming the male portion of the 

hinges to the side plates ; also a )>in to .secure these bayonet joint, and the extractor lever stampings 

passes through them. This pin lias a turned T-head are machined and mounted. The various ‘corn- 

split pin to make it readily removable. The rear ponerits, tiring pin, and tumbler are machined 

crosspiece is milliHl out to take the firing lever, and hardened. The front face of the thrust block, 

and drilled for its pivot pin. A giinmetal safely on w'hich the ba.se of the cartridge rests, is tern- 

catch with its springs is attached. The gunmctal perecl very hard. In front of the lock frames, 

castings on arrival from the foundrj' aro well and gripping it w’ith flanges, is the extractor, 

cleaned and pickled in acid solution and then The extracto.” centains a gib with its spring and 

machined in fixtures to teinfilates and gauges. back plate, and the tail spring. The centre portion 

The Water Jacket. The water jacket is is a solid block, through which the point of the 

made up of a rear block and tube and front cap. striker pass s. The front face also hn.s small 

The tulie is either a bronze casting, or, as in the flanges vertically, but the.se are discontinued 
latest type of steel, with corrugated gills. below to liberate the empty cartridge case when 

The roar block for the water jacket is a bronze in the up position. This component is carefully 

casting joining by screw threads to the water recessed out by former mills for the gib; also the 

jacket in front, and extending rearwards to form cone for the flrini^ pin is bored out, and the grooves 

a sleeve for the barrel with an ejector tube below to form the giuaes milled. The tail spring is 

it; its top portion has hinged cheeks for the lid. riveted at its lower end to the extractor. 
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24. ar-iiiiu. MAXIM AUTOMATIC SHELL UUN (POAM*UM ) 


Recoil Plates. These are fl<at steel plate 
Btaiiipings with square crank hearings stamped up ; 
the left-hand })late has a forward prolongation with 
an open slot, which engages the bell crank lover, 
and gives transverse motion to the cross slide of 
the feed box. It is scpiared first on the top and 
bottom edges, and then the outside faces arc milled 
tuToss, leaving the crank bearings projecting up. 
The inside.s have projections inwards loft on them 
to foim stops to the iif)ward movement of the 
crank cheeks; also grooveil guides are milled in 
them to contain the extractor slides on the front 
e n d. T h e v r a n k 
axis holes are drilled 
and bored out dead 
square with the 
plates in jigs, and 
the front fork or 
slot of the left-hand 
plate is machined 
out with a slight 
radius. The slides 
and fore end and 
axis holes are all 
oil hardened, after 
heating in a muffle 
furnace. 

Crank and 
Connecting 

Rod* The crank 
is a solid stamping 
with two web checks 
and axles projecting on each side of them, hexagonal 
at one end for the hand lever, and at the other for 
the fuBce. They are first turned on the axle parts. 
The cranks are milled out between the webs, leaving 
a wedge-shaped portion there; also, outside, they 
are machined by gang mills. The crank pin hole is 
bored through the cheeks in a jig and slightly coun- 
tersunk, and then the finished pin is riveted in place. 


Feed Block. The feed blocks |21 and 22] arc 
bronze castings, and contain the steel pawls, slide, 
nnd lever. The casting is machined longitudinally 
outside to fit the casing plates, and transversely 
inside to suit the various sliaped cartridges, also 
for the cross slides, an<I bored for the lever. The 
bottom sti'cl pawl has a fixed fulcrum in the 
easting ; the lop pawl is on the slide. The 
longitudinal movement of the recoil [Intes im- 
parls a transverse movement to the slide through 
the hell crank lever, and the top jiiiwl slides back 
over the cartridge and feeiis it forward on the 
return stroke, the 
bottom pawl retain- 
ing the cartridge 
belt 123) in position. 

Hotchkiss 
Machine Gun. 
'V he only o t h e r 
type of automg.tic 
machine gun that 
has been adopted is 
the Hotchkiss, which 
is used by the French 
and other Govern- 
ments. It is simple 
and effective. It 
has no water jacket, 
but a very thick 
radiator barrel, and 
the number of 
working ])art8 is 
small. It can be stripped and reassembled by 
hand if necessary without the u.se of tools. It was 
in use in the Boer War. Another type of Maxim 
gun, or Pom-pom, is shown by the 37-mm. shell 

f un [24] somewhat on the same primujile as the 
kC. type described. This gun tires small shell 
of about li in. diameter. The Lewis aeroplane gun 
is shown in 25 and on page 2609. 
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Profit and Loss Account by Single Entry. Hire Purchase Accounts. 
Interest. Mining Royalties. Chartered and Incorporated Accountants. 


SINGLE ENTRY 

L ittle has been said hitherl:o upon the sub- 
ject of keeping books by what is known 
as single entry, 'j’ne reason has been that*, no 
accountant would recommend the keeping of 
books by these means in a business of any 
size. Having regard to the fact, however,- that 
there are many small traders ^yho do keep their 
books in this way, it is necessary that some 
description of the process should be given. 
The great drawback of the method is the im- 
possibility of proving the accuracy of the 
records kept under it. 

Single Entry Methods. The books 
in use vary in different businesses, but usually 
there are a cash book and a ledger ; sometimes 
there is a day book. What semblance of a 
system there is in keeping books by this method 
consists in entering in the cash book all cash 
rectnved, from whatever source, and all cash 
paid away, for whatever purpose, and in keeping 
accounts in the ledger for customers owing 
money to the business. Sometimes the ledger 
contains also the accounts of wholesale dealers 
from whom goods have been purchased on 
credit. The “ system ” is usually a mixture 
of double entry and single so far as the practice 
observed in keeping the books is concerned. 

No goods account is kept, and the only wiiy in 
which purchases and sales arc recorded is on 
the cash and personal iwcounts. When a cash 
sale is made the cash received is merely entered 
on the debit side of the cash book, but no posting 
is made to the ledger. This is mere single entry, 
there being a debit entry, but no coiTesponding 
credit. 

Ledger Entries. In a sale on credit the 
customer’s account in the ledger is debited, 
but there is no credit to a goods or sales 
account. This is single entiy. But when cash 
is received from a debtor in respect of goods 
previously sold on credit w'ith which ho has 
been debited, the amount received is not only 
entered on the debit side of the cash book, it 
is posted to the credit of the customer’s accoimt. 
This is complete double entry. Similarly, w'hen 
pjjyments are made for cash purchases the 
payments are recorded on the credit side of the 
cash book, but are not posted to a ledger account. 
Further, cash paid for rent, wages, and other 
expenses of the business, although entered on 
the credit side of the cash book, are not posted 
to nominal accounts in the ledger. Where no 
ledger accounts are kept for creditors the Svamo 
principle is applied, and payments made to 
persons who have supplied goods on credit 
are not posted to the ledger. But whore ledger 
accounts have been opened for persons who have 
supplied goods on credit the payments to them 

INCLUDIN6 BOOKKEEPING & ACCOUNTANCY, 
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& ROYALTIES 

are posted to their debit, as well as being entered 
on the credit side of the cash book. This, of 
course, is agvain complete double entry. There 
Ls thus very little system abou tT single-entry 
bookkeeping, and this failing is particularly 
felt when a trader desires to know the result 
of his operations at the end of a year’s trans- 
actions. To meet his wishes in this respect a 
means has to bo devised for arriving at the 
desired result with some degree of accuracy ; 
but although errors of magnitude can be 
avoided by the exorcise of common -sense, it is 
not possible to place absolute reliance upon the 
result obtained. 

Single Entry Profit and Loss. The 

first step to be taken is to dissect the cash 
book. Taking the debit side, the receipts will 
probably be found to consist entirely of cash 
sales and receipts from debtors on credit sales. 
There may be also some items in respect of 
further capital introduced by the proprietor. 
The credit side will consist of payments for 
cash purelxasos, to persons for credit purchases, 
rent, wages, rates, carriage and miscellaneous 
trade expenses. There will bo also the pro- 
prietor’s drawings, and these must be carefully 
inquired into, for money is frequently withdrawn 
from a business by the proprietor without a 
record of the fact. The ledger accounts must 
then be analysed to ascertain the amount of the 
credit sales, which will consist of the posting of 
goods to the debit of the personal accounts. 
These can be approximately checked by compar- 
ing the total of the entries with "the cash received 
from debtors during the year plus the debts 
outstanding. After providing for any discounts 
or other allowances made to debtors, the two 
totals should agree. The same course must be 
pursued with the credit imrchases, and a similar* 
comparison made. 

TJie value of the stocks at the beginning and 
end of the period will bo required, and if these 
are obtainable a trading and profit and loss 
account c;m bo prepared. There is, as a rule, 
no difficulty in obtaining the stock at the close, 
but tkat at the beginning is not usually so 
readily procurable unless it is a new business. 
The initial stock is generally the most uno^toin 
element in the accounts prepared on this plan, 
and if it was not taken in a proper manner at 
the beginning of the trading period it must be 
estimated. 

Inasmuch as the whole result will depend 
upon the estimate formed, it must bo very 
carefully made, and the usual means adopted 
is to take tbe closing stock at cost, add to this 
the total sales, less, a poroentage for gross 
profit, and then deduct the purchases. Here, 
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of courso, ever 3 rthing depends upon tJio trust- 
worthiness of the percentage of gross profit, 
and if any other means are available the result 
should bo tested by them. Care must be taken 
to ascertain if there arc any outstanding liabili- 
ties not recorded in the books, in respect of 
rent, rates, wages, or other expenses, as thtise 
may materially affect the result. Having taken 
the above steps, a profit and loss account and 
bahmee-sheet can be prepared in the usual form. 

Conversion to Double Entry. The 
trader, after the trouble ho will have experi- 
enced in obtaining these results, will probably 
desire to revise his methods of keeping his 
accounts in the future. If so, the first steps to 
be taken will be to bring into use purchases 
and sales books for the recording of all goods 
bought and sold on credit. The periodical 
posting of these books and the cash book into 
the ledger, together with the opening of a goods 
account and the various nominal accoimfs, 
will make his books capable of proof, and tlie 
results of accounts showing his trading opera- 
tions thoroughly reliable. 

If he decide to kcf^p his books on double- 
entry principles in future, all that need be done 
to record in his books the position shown in 
the balance-sheet is to open ledger accounts 
for his stock, for his capital, and for the creditors 
if there are not accounts for them already. 
This having been done and the purchases and 
sales books brought into operation, the record 
of his transactions will proceed upon ordinary 
double-entry lines. 

Hire - purchase Accounts. Many 
businesses are now conducted upon the instal- 
ment plan — i.t:., they sell their goods upon the 
terms that they may be paid for by the pur- 
chasers gradually by periodica! payments. 
When this is the case, the price at which the 
goods arc sold is naturally higluT than that at 
. which they would liave been sold for cash. This 
increased price is due to the fact that the seller 
does not receive the purchase price at once, 
but only a small portion of it, and he, therefore,* 
charges interest on the part unpaid. It is this 
factor of interest that occasions the necessity 
of keeping the accounts of such businesses — 
known as hire-pui'chfifie accounts — on special 
lines. 

Formal agreements are entered into when 
sales of this nature take plac(% and for the 
protection of the seller they generally treat the 
transaction as one for the hire of the goods, 
which are to be made over to the hirer at the 
end of a stated period (provided the instalments 
are regularly paid), either without further pay- 
ment or upon payment of a trifling amount. 
But, although the agreements usually treat the 
transaction as one of hire, it would not be correct 
for the seller to treat the periodical payments 
ho receives as income which he is entitled to 
take to credit in full in his profit and loss account 
and yet at the same time treat the goods as his 
property, although in the hands of another. 
He must deal wiwi the matter on the basis of a 
sale. But he must not take credit for the full 
amount charged to the purchaser, since that 


price includes interest which is only accruing due 
over a more or less lengthened period. 

Manufacturer’s Books. Business is 
conducted on these lines in connection with 
railway waggons, house furnituri*, pianofortes, 
cycles, etc., all over the kingdom, and it was 
principally in relation to railway w'aggons that 
accounts were first specially designed to meet 
the facts of tliis particular class of transaction. 
To take the case of tlie manufacturer first, it 
wilt be necessary for liim to have his sales 
book ruled with two money (iolurnns— one for 
principal, the other for interest. Wh(‘n a sale 
is made on the hire-purchase system the manu- 
facturer knows how much c>f the total price is 
for interest, and he enters the amounts in the 
two columns accordingly. The total price will bo 
debited to the c.uslomer, the sales a(5Count 
will be credited with the amount of the principal 
or cash price, and the interest account with the 
balance. 

The sold ledger will be niled with two columns 
on each side — one for principal, the otlicT for 
intcr(^st. A note will Ixi made at the head of each 
customer’s account as to the manner in which 
the price is to be paid. The debit to the customer 
will be divided into principal and interest-, and 
the two amounts entered in the appropilate 
columns. As he pays the instalments cash will 
be debited and he will be credited with the full 
amount, the proportion attributable to principal 
being entered in the principal column and that 
to interest in the other column. Tlie earli<*r 
instalments will, of course, include a greater 
proportion of interest than thi^ later, owing to 
there being a large amount of principal out- 
standing upon which interest has to be charged. 

When th(5 manufacturer is making up his 
accounts at the close of a trading period, ho 
must not take (credit for the full amount of 
interest which has, during tho period, been 
credited to the interest account, as sales were 
ctfected. Although interest has been charged 
to the hirers or purchasers it has not all been 
earned, and a rebate, or allowance, must therefore 
be made in respect of interest charged (in tlie 
various purchasers’ accounts, but wliic^h has not 
yet accrued due. 

He should also make provision for the ftwi 
that if some of the goods were returned by tJui 
purchasers they would probably not be worth 
the amount at which they stand to the debit of 
the various customers’ accounts. In some busi- 
nesses this might not be so after a few payments 
had been made, but tho manufacturer must, 
after taking all the circumstances into consid(^ra- 
tion, n.ako such allowance as is in his opinion 
sufficient under this head. In order that tho 
student may follow the working of this system 
tho specimen of a customer’s account in a 
manufacturer’s ledger is given on th(5 next page. 

Hirer’s Books. The matter has now to 
be considered from the view of tho hirer or pur- 
chaser. Wlien the agreement Is entered into 
he docs not credit the manufacturer with the full 
amount of the purchase price, as tho latter 
becomes a creditor only when the instalments 
fall due. The method adopted, therefore, is to 
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1006. 
Juu. 1 

To Sales Account 
„ Interest „ 

Interest. 

18 0 0 

. 

Principal. 

90 0 0 

1906. 
Jan. 1 
Feb. 2 
Mar. 2 
April 3 
May 2 
Juno 1 
„ 30 

By Cash . 

• • 

St a • a • 

MM 

ft >> • • t • 

>« ft a a a • 

„ Balance 

Interest. 

0 15 0 

0 14 2 

0 13 4 

0 12 5 

0 11 6 

0 10 7 i 
14 3 0 j 

Principal. 

2 5 0 

2 5 10 

2 6 8 

2 7 7 

2 8 6 

2 9 6 

75 17 0 

i AnA 


VA8 0 0 




£18 0 0 

90 0 0 

1 WUO. 

July 1 

To Balance . . 

£14 3 0 

75 17 0 
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an account opened for the article purchased 
— waggons, furniture, or as the case may bo, with 
each instalment as it becomes due, and credit 
the manufacturer. When the instalment is 
paid the manufacturer is debited and cash 
credited. The result is that, provided the in- 
stalments are paid promptly, there is no balance 
on the manufacturer’s account, as the credit of 
the instalment is immediately extinguidicd by 
the debit of cash. As the price of the goods, 
as wo have :ocn, includes a considerable sum 
for interest, care must be taken to ensure that 
the articles pimdiased are included in the annual 
balance-sheet at not more than their actual 
value. This value will be the portion of the 
price which has been paid in respect of the 
principal amount due, irrespective of interest. 

The purchaser must ascertain how much of the 
price payable under the agreement is for interest. 
He can generally obtain the information from 
the manufacturer, or can arrive at it by finding 
out the cash price as oom])ared with that which 
he is paying. The difference will, of course, bo 
interest," of which, as already stated, the larger 
l)roj)ortion will fall against the earlier years. At 
balancing time an adjustment must be made 
by debiting the interest apportionablc to the 
year to the profit and loss account and crediting 
the account of the articles purchtased, which will 
thus stand at their cash price in the books. 

Depreciation. In addition, provision must 
bo made for the depreciation of the articles, and 
the allowance calculated, not upon the portion 
of the price actually paid, but upon the full cash 
price. This depreciation is put through the 
books in the ordinary way by debiting depre- 
ciation account and crediting the asset account 
with the amount written olf. The net result 
of these entries will be that the aJ5sct will stand 
in the books at the end of the period oyer 
which the payments have been spread at its 
actual value to its owner. 

This method of dealing with articles bought 
on the hire-purchase system is obviously only 
necessary in the case of a trader who has mode 
i\ purchase of considerable value by these moans. 
The ordinary man who has bought a cycle or 
pianoforte by instalments doe^ not keep an 
account at all, but it is of the utmost importance 
in the case of an hotel-keeper who has purchased 
a large quantity of furniture on the system, or a 
colliery proprietor who has bought a number of 
waggons. Unless both these individuals take 
steps to show the articles they have purchased 
at their cash value only they will be overstating 
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their profits, because they will not be debiting 
the profit and loss account with the interest on 
what is in effect borrowed money for the pur- 
chase of the articles. 

ROYALTIES 

A royally is an amount paid by a person for 
the right to use the property pf another. Thus 
the lessee of a mine pays a royalty to the owners 
of the land on which the mine is situfited ; a 
theatrical manager pays a royalty to a dramatic 
author for the right to produce his play; a 
manufacturer to a patentee for the right to use 
his patent, and so on. The amount paid in 
respect of the royalty dc'pends upon the extent 
of the use which is enjoyed by the lessee or 
concessionaire in each case. A rate is usually 
fixed per unit. Tn the eas? of a colliery it is 
either upon the tonnage output or the superficial 
or cubic area worked. Tn the case of a patent it 
will depend upon the number of articles jjroduced, 
in the manufacture of which the patent has been 
used ; and in the case of a [ilay it depends upon 
the number of performances. 

It w'ill be scon, therefore, that the amount paid 
in respect of a royalty is as much an expense of 
the particular busincvss paying it as the rent, 
salaries, and other W)rkirig expenses. It must 
be treated in the same way as the other expenses 
and debited to the profit and Joss account, 
^s the amount depends upon the extent of the 
user, a careful record must be kept, which must 
be available for inspection by the owner of the 
property, showing the output or production as 
the case may be. The form which the record 
will take must depend upon the nature of the 
property for the use of which the royalty is 
paid. In the case of a colliery, if the royalty 
i upon tonnage, the amount recorded in the pit 
books and agreed by the workmen’s check 
weigher will be accepted by the landlord ; while 
if it is upon areas it will be fixed by survey. 
In most cases, when once the amount payable 
has been agreed, the entries to be mads in the 
books of the business having the use of the 
property are simply a debit to the profit and 
loss account under the head of royalties, and a 
credit to the owner. When he is paid he is 
debited and cash credited, and this will close 
the matter until the next periodical payment 
becomes duo. 

Mintttg Royal tiea« But in the case of a 
colliery a slight complication frequently arises. 
The form which the concession usually takes is 
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a lease of the land for the purpose of working the 
mining rights subject to the payment of a mini- 
mum annual sum. An amount of royalty is also 
fixed, which we will assume is payable upon the 
amount of coal raised. The fixed minimum is 
usually known as dead rerU, If it exceeds the 
royalty upon the coal raised in a pvarticular year, 
then nothing beyond the dead rent is payable ; 
but if, on the contrary, the royalty exceeds the 
dead rent, the latter becomes merged in the 
royalty and only the royalty on the tonnage is 
therefore paid. 

Redeemable Dead Rents. Tliore is 
often a furth^M* provision in the lease that 
pj^yments of d(‘ad rents in excess of royalties 
may be recovered by deduction from future 
royalties when these exceed the dead rent in a 
particular year. But the operation of this right 
is usually limited as to the time within which it 
may be exercised. The time limit is frequently 
five years. Thus; unless by the end of the fifth 
year the royalties exceed the dead rents, any 
excess dead rent on the first year will become 
irrecoverable, Avhile if that state of things <;on- 
tinued for another year, the excess on the second 
year would bo lost to the les-sec?. So long as the 
riglit of recovery exists, the excess of dead rent 
paid is carried forward as an as.set, the only 
cliargo to the profit and loss account in respect of 
the sum payable under the lease being the 
royalty on the coal actually raised. But so soon 
as the period hvas gone by within which it could 
have been deducted from excess royalties, it 
must be written off to profit and loss. 

The working of the following example will show 


the student how the redeemable dead rent and 
the royalty accounts arc dealt with in the books 
of the person working tbe colli(‘ry : A lease? of a 
colliery is granted at a minimum dead rent of 
£600 per annum, merging into a royalty of Is. 
per ton, with a right to recover dead rents out of 
royalties paid within five years. The? epiantity of 
coal raised was SOO tons the first year, 4,600 tons 
the? se?cond year, and 76,000 tons the? third yc'ar. 

It will be obst*rvcd th.at the ame>imt receive?d 
by the landlord for the three y(?ars — viz,^ £4,020 
— is the? amount of the royalty cn actual output. 

Investigation and Audit. Our method 
in debating with the subject has necessarily 
been to desci*il>e? the proe‘ess e)f recording 
transactions of different kinds in the books of an 
eindertaking. The organisatiem of ae?counts e)n 
such a basis as to facilitate the keeping of the 
financial records of the busine?ss, and to give? the 
pre)priete>r of the eoncem the information he 
requires in the best possible way, is an important 
bran<?h of the? a«jcountjint’s profession, but one 
not leas so is that dealing witli the inve^stigation 
of accounts, including their audit. The busine^ss 
man is well advised who leaves investigation anel 
audit to a skilled accountant, for no man who 
has not been 8pe{?ially trained to the work can 
be re'garded as a reliable invc?.stigator and auditor 
of accounts. There are two societies of pro- 
fessional accountants in England and Wales — 
the Institute of (diartered Accountants, which 
confines its operations to these countries, and 
the Society of lncorj)oratod Accountants and 
Auditors, which has branches in other 2 >art 8 of 
the world. Th(* members of th(‘ fornuT body 
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1903. 
Bee. 31 

To Laiidtord 

000 0 0 1 

1903. 
Bcc. 31 

By Royalty on 300 tons 
„ Balance c/d. 

40 0 0 

560 0 0 

1904. 
Jan. 1 
Bee. 31 

T<i Balance h,'d. . . 

,, Landlord . . . . 

000 0 0 . 

19U1. 
Bcc. 31 

By Royalty on 4,600 tons 
,, Balance c/d. 

600 0 0 

500 0 0 

600 0 0 

230 0 0 

930 0 0 

1905. 
Jan. 1 

I To Balance b d. 

1,160 0 0 

1 905. 
B(h-. 31 

By Landlord , . . . 

1,160 0 0 

£930 0 0 ; 

£930 0 0 


1903. 
D?c. 31 

1904. 
31 

1905. 
Boc. 31 
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To Dead Rent 

A/c. 

40 

0 

—1 

1903. 
Dec. 31 

1904. 
B.^c. 31 

1 905. 

,, Dead Rent 

A/c. . . 

230 

0 


,, Landlord 

. . 

£3,750 

0 

«i! 

Dec. 31 



i! 



By Pri)fit and 

Loss A c. 

40 

0 

0 

„ Profit «ind 

Lows A/c. 

230 

0 

0 

„ Profit and 

Lows A/c. 

! £3,750 

0 

3 


LANBLORB 


1903. 
Dec. 31 

To Cash . . • . • . 

600 

0 

0 1 

1 1903. 

Dec. 31 

1 QOii 

; By Dead Rent . . 

, 600 

0 

0 

1904. 
Dec. 31 

1905. 
Deo. 31 

„ Cosh . . 

600 

0 

0 

Dec. 31 

Dead Rent . . 

j 600 

0 

0 

„ Dead Rant Recover- 
able 

„ Oasli . • • • • • 

930 

2,820 

0 

0 

0 

0 

1 avO. 

Bee. 31 

Royalty on 76,000 i 
ton.9 

! 

3,760 

0 

0 



£3.750 

0 

0 



i £3,760 

0 

0 
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are known as chartered accountants, those of the 
latter as incorporated accountants. The char- 
tered institute dates from 1880, the incorporated 
society from 1885, and both have large member- 
ships. It will be seen from the dates mentioned 
that, as compared with medicine and the law, the 
organisation of the profession of accountancy is 
comparatively young ; but it should be men- 
tioned that societies of earlier foundation were 
merged in the institute on its formation, and, of 
course, the practice of accounting in a more or 
less primitive state dates back to the early ages. 
There are accountants’ societies in Scotland and 
Ireland, the former being much older than the 
English bodies. 

Professional Accountants. .The con- 
ditions for admission to membership of the 
various societies arc practically the same, the 
principal rule being that intending members must 
serve at least three years’ articles of apprentice- 
ship to a practising member. During the period 
under articles the would-bc accountant is learning 
his business in its various aspects, a considerable 
portion of his time in the earlier years being 
occupied in acting as junior clerk on audits. In 
the later years he is, naturally, doing more 
important work, and gradually acquiring a 
knowledge of the different branches of his pro- 
fession. He is required to pass a ])reliminary 
examination before admission to articles, and 
during his service he has to pass an intermediate 
examination. At the expiration of his articles 
ho presents himself for his final examination, 
and if ho satisfies the examiners is admitted to 
full membershii) of his society. The subjects 
of examination arc, of course, those of which 
a knowledge is required by the accountant in 
his profession. They are set out in full on 
pages 136 and 681. 

The proper training and examination of a 
body of men capable of investigating the financial 
books of a concern, with a view to ascertaining 
the accuracy or otherwise of the records in thepi, 
is a work of iiiimcnse value to the commercial 
community generally, having regard to the 
dependence which must of necessity bo fdaced 
upon such records. 

Merchants and others arc not slow to avail 
themselves of the opportunity afforded them 
of chocking the work of their employees by 
means of the audit of their accounts conducted 
by a professional accountant. 

The class of work upon which incorporated 
and chartered accountants are largely employed 
is the audit of the accounts of private concerns 
and limited companies. The reason of the non- 
discovery of many of the frauds which have 
been exposed of recent years, particularly in 
conneq^ipn with the accounts of Friendly Socie- 
ties, hik \een the failure to employ professional 
men as ^tors. Reliance has, instead, been 
placed upoii the w'ell-meant but quite incom- 


petent examination of the accounts conducted 
by men who, in some cases, were quite ignorant 
of the first principles of bookkeeping. This 
condition of things still exists to a large extent, 
although matters are improving. 

From what has been said, it will be apparent 
that, although certain principles and rules might 
be laid down in connection with the investiga- 
tion of accounts for the guidance of the ordinary 
business man who wishes to know that his book- 
keeping arrangements are satisfactory, or for 
the young clerk who desires to be more than a 
recording machine, it is not possible to give in 
the shape of an article the knowledge that is 
required to make the practical auditor and com- 
I^lete accountant. Something can bo done in that 
direction, but the only satisfactory course for 
the beginner is to enter the office of a chartered 
or incorporated accountant, and go through the 
whole routine necessary fully to qualify himself ; 
while for the business man engaged in his own 
affairs all the year round the only safe course 
is to employ a properly qualified accountant to 
audit his books periodically. 

Work of a Professional Accountant. 

Professional accountants, in addition to their 
work as auditors, are largely engaged in ex- 
amining into and reporting upon the accounts ^ 
of businesses which it is proposed to convert 
into limited companies. This function, to which 
reference was made in the chapter on company 
work, is of the utmost importance, as the public 
probably place more reliance upon the certificate 
of the accountant as to tlu^ past working of the 
concern than upon any other statement con- 
tained in a prospectus. 

Accountants are also extensively employed as 
trustees in bankruptcies and under deeds of 
arrangement, as liquidators in the winding up 
of companies, and as receivers of i^ropcrties on 
behalf of mortgagees and debenture holders. 
In any of these capacities they may be required 
to carry on a business for a more or less expended 
period, or their duties may be confined to he 
realisation of the property to the best advantage, 
and the distribution of the proceeds among the 
persons entitled. 

From this brief summary of some of the more 
important duties of the professional accountant 
the reader will se'j that a training in the office 
of an incorporated or a chartered accountant 
with a varied practice affords exceptional op|X)r- 
tunities of becoming familiar with the working 
of all kinds of businesses. This fact is of^fon- 
siderable value, for many young acoountahts, 
after serving their articies, seek positions as 
secretaries, managers, and accountants of im- 
portant companies and public bodies, and their 
prospects of success are greatly enhanced if 
they hold the diploma of one of the recognised 
societies. 

J. F. G. PRICE 


CLERKSHIP CONCLUDED 
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Division of a Compound Expression by a Monomial. 
Division by a Compound Expression. Examples. 

ALGEBRAIC DIVISION 


DIVISION OF A COMPOUND 
EXPRESSION BY A MONOMIAL 

40 . From the result of Art. 26 it follows, 
since division is the inverse of multiplication, 
that to divide a compound expression by a mono- 
mial we take the ^m of the quotients fomned by 
dividing the separate terms of the compou'nd ex- 
pression by the monomial. 

Example 1. Divide 6a:^ - 2x^ 4- by - 2x. 

Here, wo divide (i.) by-2.tr, (ii.) by 
- 2x, and (iii. ) + 4^;^ by - 2x. 

Hence, the required result is 

- 4 - 2x Ans. 

Example 2. Divide - \ 2xh/ 4 by 
l^x-y. 

The quotient = t)x^i/ - 4x1^ 4 A ns. 

DIVISION BY A COMPOUND 
EXPRESSION 

41 . The method will be best understood by 
considering an example. Suppose we liave to 
divide 

10;r - - 8 4 by a; - 2. 

We must first arrange both dividend and divisor 
either according to descending or according to 
ascending powers of some letter conUined in 
each. In our present example tlie only letter 
is X. 

On thus rearranging the terms we obtain 
r* — 5.r‘^ 4 10a: - 8 to be divided by x - 2. 
x — 2)x^- ba;'-* 4 10a: - S{x^ - 3a: M 4 /I ns. 

-3/-^ 4 lOar — 8 
— 3a:- 1- Oa: 

4a: - 8 
4a: 

Now, it is clear that the term of the highest 
degree, a:^, of the dividend must be the product 
of the terms of the highest degree in the 
quotient and the divisor. Therefore, the tairm 
of highest degree of the quotient is found 
by dividing ar^ of the dividend by x of the 
divisor ; that is, the first term of the quotient 
is x*. Now multiply the whole divisor, a; -2, 
by this x^, and subtract the product from the 
dividend. This gives us-3a:‘^4 10a;-8 for the 
remainder. 

Evidently this remainder must be equal to 
the product of the divisor and the terms of the 
quotient, which have still to be found. Hence, 
in the same way as before, we see that the 
second term of the quotient is found by divid- 
ing - 3x* of this remainder by x of the divisor ; 


that is, the second term of the quotient is ^ 3a:. 
Multiply the wliole divisor, a: -2, by this -3a*, 
and subtract the product from - 3a:- 4- 10a: — 8. 
This gives 4a; — 8 for our second remainder. 
Then, exactly as before, we see that the third 
term of the quotient is obtained by dividing 4a: 
of the second remainder by x of the divisor ; 
that is, the tliird term of the quotient is 4. 
Multiply the wliole divisor, x — 2, by 4, and 
subtract from 4a: - 8. There is now no 
remainder. 

Wo have thus subtracted X“ times the divisor, 
— 3a: times the divisor, and 4 times tlie divisor ; 
that is, in all, we have subtracted a:-~3.r4 4 
times the divisor and found that there is no 
remainder. It follows, therefore, that the 
dividend is equal to x^-lix J- 4 times the divisor. 
Thus x^-3x 4 is the required quotient. 

42 . We see, then, that the process is as 
follows : 

1. Arrange the divisor and the dividend in 

ascending or in descending jiowers of 
some common let ter. 

2. Divide the first term of the dividend by 

the first term of the divisor, to obtain 
the first term of the quotient. 

3 . Multiply the whole divisor by the first 

term of the quotient and subtract the 
product from the dividend. 

4. Treat the remainder as a new dividend, 

and repeat the process until the highest- 
term of the remainder is of a lower 
degree than the highest term of the 
divisor. 

We shall now work a few other examples. 

Example 1. Divide 4:*:'* — 8 j;^ — lllj:- 4 o3.r - 3t) 
])y - .3.*: 4 2. 

X? — 3;*: 4 2)4a:^ - - lOa;-* 4 53.r - .30(4-?*- 4 4x 

4ar* - 27:r- -}* h3.r 
4.1"'* - 1 2x^ 4 8.r 
- 1 4- 4iix - 30 
-ir>j;2-|. 4 r). c-3 0 

Notice that it is not necessary to “bring 
down” every term of the dividend after each 
subtraction. In the above example, for in- 
stance, the - IHO is not required till we reach the 
second remainder. 

Some examples require greater care in arrang- 
ing the terms for each subtraction. 

Example 2. Divide a® 4 4 by 

o 4 6 4 c. 

Arrange the dividend in powers of a. Treat 
b as next in importance to a. 


ARITHMETIC, ALGEBRA, EUCLID, GEOMETRICAL DRAWING, TRIGONOMETRY 
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a -h 6 + c)a^^Sahc -f 6 *-h c*(a* - a 6 — ae 6 * — 6 c -4* c* Aiut, 
4- a ^ 6 + a ^c ' ’ ^ "’ 

— a^b — ah — 3a6c 


ah - <*62 - 


ahc 

ab^ — 2tt6c 

~ aba — ac 2 

a62 _ ^ ctc2 53 

</62 + hh 


a6c+ ac2 
abc 


TIio above division shows us that 
u® + 6 ® H- c'^ — 3«6c = (a 4 - 6 + c) (a^ 4 - 6 ^ 4 - c* 
- 6 c — ca — ah). 

This result is very important, and should be 
remembered. 

Ejcample 3. Divide a® 4 - ah 4 - 4 - 

4- 62 by - a 4- 6 . 

a 2 — a + 6 )a® 4 - ah 4 - ah^ — 4 - a* 4 - b\a^ 4 - a 6 4 - 6 * 

~ «2 4 - ah 

ah 4 - + (*2 — ah 4 - 

ah —ah 4 ah^ 


+ (*2 — ah 4 - W 

— ah 4 ab^ 

4 - — ah'^ 4- 6 * 

-o62 4- 63 


Here tlio quotient is 4 - 06 4 - 6®, and there 
is a remainder a^, 

EXAMPLES 6 

Divide 

1. ^2!Sahh by 3a6c. 

2, Tixi/V by -2yV. 

8. — 105a6c by — 5fi6c. 

4. 4x'^yh^ by ix^yz. 

5. 27x^ - 36;i:2 4 - IS;*:'-* by - 9x, 

6. ^hjz 4 - 6xyh - Sxi/z^ by 2xyZm 

7. |a2 — lab 4- 3<?c by — Ja, 

8. - 3a; - 4 by r - 4. 

9. 6a;2 - 19a; 4- 10 by 2a; - 5. 

10. 2a2 — a — 4a® 4- 1 - 3a2 ~ by a 4- 1 + a*. 

11. l-a;8by 1-a;^ 

12. a?* — by a; 4 - a. 

13. a2 — 6’ — c2 — 3a6c by a — 6 — c. 

14. a-3 -1/2 4* xz-yz by a; 4- ?/ 4- «• 

15. (a - 1)2 4 - 6-2 by a 4 - 6 «- 1 . 

Anawera to Algebra 

Examples 6 

1. 3a;^y - 3a;2y2 Qx'iyK 

2. — ^x*y 4- 4ari/ - 4xy. 

3. — bahexyh 4* bahhzPyz — bahe^xw^ 

4 - IQabh^xifz^ - 10a6c2a;2w*«. 

4. a;2 4-j^. 

5. 

6. - a^a;* 4- 2tt2T - a®. 

7. **-«®-2a;2 4- 5aj-3. 

8. a;® - a^x*+ {2ab - c) a;* 4- 

(ac — 6*) a? - be, 

9. ic® - - 4x^y^ 4 - 3ar’y2 ^ 

a^y* 4 “ 2a;y* 4 - 2y®. 

10. a’ 4 - V 4“ c® - 3abc, 

11. (I^:c)(l4*a;)a^4-.»a) 

« (l-a;2)(l+g2) 

a= l-»*. 


* lOi, (a!*4- i/^-hxy) (*®4-y*-afy) 
= {(a/+ + 

~ ( 3 ?* 4- y*+ x^^) (x*+ 1 /- 

jkV) 

^ (x^+ 

4- a; V 4* 1/. 

"Zr7;2^ 13. {(6 +« c 4 - q) (6 4- c - a)} 

— bh - bc^ {(a — 6 — c) (a 4 - 6 - c)f 

4 - 6 c 2 4 - c® = {(^ + {«*-* (6 c)‘4. 

4-6f '4-r2 Art. 34. 

== (62 + c 2 4- 26 c - aO (a ’ - 6 ^ 
~c'‘^4-26c). Art. 32. 

= (26c 4- b' 4 - - cC^) (26c - 6^ 4- - a^). 

Art. 19. 

= 46 'c*^ - ( 6 ‘^ 4 - c2 - a 2 ) 2 . Art. 34. 

262c2 4 - 2cW 4- 2a262 - a* - 6^ - c^ Art. 82. 

14. (a;-i/)‘^4- (^-2)24- (z^x^ 

= a;2 + y2 _ 2ary 4- y® 4. ^2 _ 2 j/z 4- a* 4- a;® 

— 22:ar 

= 2 (a;2 4- 1/ -f 2'^ - ?/2 - za; - ry). 

15. (a* 4- 2) {X 4- 3) (i 4- 4) (a; 4* 5) 

Since 2 4- 5 = 3 -f 4, we multiply to- 

getlier the first and fourth factors and 
then the second and tliird, thus obtaining 
(a:=^ 4- 7a; ^ 10) (a;2 4- 7a;4- 12) 

= {x^ h 7a;)‘‘«4- 22 (a;2 4- 7a-) 4- 120 
= X* -f- 1 4a;^ 4- 49^;-^ }- 22x'^ 4- 154a; 4- 120 
^ X* 4-' 71a;2 4- 154a; 4- 120. 

16. x-y'p^ — xhj^(]^ 4- p^y^x^ - p'yhj^ 4- 
4- qVif-p^q-x^ = 0. 

17. 9a;2 - 81 4 - 2a;2 - 8a; 4- 8 - 4a;2 - 4a; + 80 

-6a;‘^4- 12a;-6 = a;2 4- 1. . 

18 . 4- 9 f/-* 4- 1 Cz 2 - 24 i/z 4- 8 za; - Gary. 

19. 9a* - 12a3 4 - 34^-^ - 20a 4- 25. 

20. 4- 6- 4- 4- 4- 2ah — 2ac — 2ad — 26c 

-2bd + 2cd. 

21. (a 4- 6)2 (a - bf = (a^ - = a* - 2a26* 

+ 6 *. ' • 

22. 27a;®-27a;2y4- 9a-y2-,/. 

23. 1~-I 2a4- 4 8a2-~ti4a2. 

24. (a; 4' y 4- zf ^ x^ 4 - 3a;2 (y 4 - z) 4- 3a; (y 4- zf 

4- (y 4- z)'* = 4- ila?*’}/ 4 - 3a;2z 4 - 3xy^ 

4- 6a-yz 4 - 3xz^ 4* y * 4- Z‘* 4- 3yh 4- 3yz*^. 

26. (a; — y~z)'’ is obtained by changing the 
signs of y and z in the last example. 

Thus, 

- 3x'^y - 3x^z 4- 3 a;y 2 4- 6a;yz 4- 3 a;z 2 - y® — a* 

- 3y^z « 3yz'^. 


1, -lla26. 7. - 

2 . ~ 6 a;y 2 z. 8 . x 

S, 21. 9, 3a 

4 . xhjz^, 10 . 1 

5. -3x*4- 4x2-2flc. 11. 1 

6 . 2a; 4 - 3y — 4z. 12. ac® 

18. a® -h 6 * 4 - c®- 6 c 4 - ca 4- ab, 

14. «-y. 

15. (a-l)*-6ra-l)4-6». 


Examples 6 

7. -3a4- 26-120. 

8 . x-h 1, 

9. 3a;-2. 

10. l-2a4- 3a*-4a®. 
- 2a;. 11. 1 4- a® 4- flc* 4 - atf®. 

!. 12. - ax^ 4-a*x — 
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flW l-success > THE «CRfcTS OE A SUCCESSFUL tlPEMHIAmR 20 


H«w Social Intercourse rounds oft Character. Leaping the 
Barriers of Caste. The Folly of Social “Bluffing.” 

THE VALUE OF SOCIAL LIFE 


/^NE of the ways whereby people who 
intend to make the best use of their 
lives will seek advancement is by winning 
through social intercourse the good opinio i 
and interest of others who have attained 
some measure of success. Unless we are 
either dull, morose, or foolishly shy, we 
must see that social recommendations are 
a manifest advantage, and may be used in 
perfectly legitimate ways. Often, indeed, 
they are seriously needed. 

The young man, for instance, who 
belongs exclusively to the working class, 
who only knows the working-class manner 
of life, speech, address, and average habit of 
thought, will suffer under considerable 
restrictions whenever he engages in oj>en 
competition with men who have been 
reared in the midst of social surroundings 
that were less rough and ready. A heavy 
temporary handicap will hamper that 
young man's early efforts, and will con- 
tinue until he has become acclimatised on 
a somewhat different social level, 'fliis, 
of course, is not always the case, for there 
arc many working-class homes that com- 
pare in taste with the most cultured house- 
holds, but it is true on an average. To 
dismiss the fact of pronounced social differ- 
ences as mere snobbishness is to be blind 
to some thoroughly practical considera- 
tions, and to proclaim oneself a prejudiced 
observer of only one corner of the bn^ad 
field of human life. 

The man who is at ease in any grade of 
society where he may for the time being 
find himself has obviously a far wider 
range for his activities than he would have 
if he were self-labelled a member of a caste ; 
and it is therefore a sound instinct which 
leads men to seek the broadest social free- 
dom. In these days of cheap and unlimited 
education one of the first tasks of the 
aspiring youth often is to " burst his 
birth's invidious bar," without degenerat- 
ing into a snob. The attainment of social 
fitness — that is, the fitness which enables 
him to mingle in any company without 
being out of place — is a milestone on the 
pathway to success. In a preliminary 
way it opens the world to the new-comer. 


What may be called social expansion 
asks for comment here the more insist- 
ently because it is beset with difficulties. 
While ft is almost a nece^^-ity that the 
able man who w'ould amply realise himself 
should become, at an early period, an 
easy but unassuming citizen of the world, 
one of the most repellent of modern spec- 
tacles, on the other hand, is the horde of 
money-makers and others vulgarly scram- 
bling for social preference, 'riiose who 
struggle for social standing for the sake 
of appearances and notoriety do not, 
as a rule, understand in the least the true 
values of a society to which good breeding 
essentially gives its lone. 

The bustling climbers are not by any 
means confined to those who rely on a 
parade of real wealth. Other methods 
call etpially for a warning. There are, 
for instance, many who by sheer boun''e 
try to establish a useful position that may 
help them along the road to success. The 
mark of the adventurer is tliat he plans to 
appear what he is not, in the hope of 
stealing some social credit that may 
assist him towards becoming what he 
appears to be. There is, for example, the 
family that, for the sake of a temporary 
effect, pretends to be richer than it is It 
uses a large house as a means of advertiso- 
ment, proclaims itself alive to the whims 
of fashion in clothes, and boldly tries to 
imitate the style of the people who un- 
doubtedly enjoy social consideration . The 
supposition of the adventurer that he will 
impose on those who already are estab- 
blishcd citizens of the world is a poor 
compliment to their shrewdness, but it 
sometimes answers for a while, and then 
a disastrous fall occurs. 

The fiction of riches is often accom- 
panied by the fiction of superior family 
connections. The first step certain people 
take when they begin to follow the vision 
of a rise in the social scale that will enable 
them to use their new position as a 
fulcrum from which to achieve other 
successes is the cutting off of their family 
associations. Next, they throw out the 
suggestion that they were born to better 
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things than their present circumstances 
would appear to indicate. This attitude 
of the thorough-paced snob is an indirect 
proof of the high value the average person 
places on a good social position. In the 
hope' of getting it he will precipitate him- 
self into a state of existence that is naturally 
full of difficulties, for, as a matter of fact, 
the treatment of his family connections by 
a man who has become genuinely successful 
is often extremely perplexing. He may 
pass into a sphere where they, manifestly, 
would not be at ease, and could not remain 
in close attendance on him with any satis- 
faction. What is he to do ? At any rate 
the one thing he should not do is to conceal 
his origin under pretences. That is even 
worse than the ostentatious boasting by 
which some who rise disparage the family 
from whence they sprang. 

Then there arc the people who try des- 
perately to appear better educated, or 
cleverer, than they really are, and who 
will allow quite false conceptions of their 
doings to be made current, in the hope 
that some degree of glorification may 
cling to them. The people, for example, 
who posture as literary without any 
warrant may be counted by the thousand. 
All pretentious claims, whether of wealth, 
birth, or brains, are bound to end, sooner 
or later, in the aspirant being discovered 
in a false position, and meriting and 
receiving contempt instead of honour. It 
is much the same with those who seek to 
secure a better position by paying court 
and rendering flattery to people who are 
so placed that they may be useful socially 
and otherwise. The average man has a 
very quick ear for the detection of the 
flattery which sounds the praise of others, 
however self-deceived he may be in his own 
case, and no one who becomes recognised 
as an adept in the art of self-seeking 
adulation ever gains widespread respect. 

In the long run, it is only the man who 
preserves a clear sense of independence of 
mind and character, quiet self-respect, 
and the wish to be known for what he 
really is, who secures general acceptance 
m any grade of society. This is as true of 
the mass of the working class as of the 
circle that talks of culture and fashion. 
What a change would come over the tens 
of thousands who are trying to rise by 
show rather than by personality if they 
could be brought to see that only genuine 
desert can hold its owu permanently; 
and that this truth rules finally in every 
2522 


sphere of human life — ^the world of 
business, the world of public affairs, the 
social world, the boundless provinces of 
mind and knowledge and literature 1 And 
it is particularly true in the near, easy, and 
familiar region of social intercourse. 

If this were understood, it would once 
for all undermine the position of all who, 
in pursuit of a false ideal of success, try 
to buy social consideration No canker 
eats so deeply into the body social as the 
substitution of money for personal worth. 
To see the untruthfulness of the temporary 
honour paid to money in modern life, we 
have but to note the opinion of the world 
Oil those who had much money but arc 
dead. As no hope of gain affects opinion 
respecting those who were wealthy and 
arc defunct, we see them regarded with 
unconcealed contempt, unless they had 
the qualities of manhood that naturally 
command lasting respect. If they were 
devoid of those qualities they remain 
under a sort of ban of resentment as illicit 
gatherers of contemporary credit. What 
rich man ever dared to challenge the scorn 
of mankind by putting on his tombstone 
what was perhaps the pride of his life : 
'' I was rich ” ? And yet myriads strive in 
life to insinuate themselves, by their 
wealth alone, into circles where they are 
secretly, and even openly, despised. 
Probably they have never thought out 
the real bases of success and respect, and 
are content with a mere show of temporary 
consideration. The mos’t the moneyed 
parvenu can do is to purchase social 
toleration, and he is able to do it because 
society finds it convenient, for the moment, 
to accept the price he is willing to pay. 

Turning from false social aims and 
methods, from the adventurer, the para- 
site, and the money-bag, let us see how 
an enlarged social experience may affect, 
legitimately, the man who is finding him- 
self and making his way in the world by 
merit. Such experience has a value that 
may be easily overlooked by those who are 
devoted to some special form of wdtk. 
Probably the provincial cities afford better 
illustrations than London of the use of 
social intercourse in rounding off charac- 
ter, and in making personality known in 
circles to which it would not otherwise 
penetrate. There, occasions arise fre- 
quently where all kinds of people meet 
socially at a variety of gatherings— balls, 
dinners, receptions, and the like — and the 
appearance, ^dress, social adaptability, 
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and in some degree the general personality, 
of anyone who is invited may become 
known to many leading citizens. Practi- 
cally everyone who makes any mark 
locally is brought, sooner or later, into this 
public circle, and proves to an experienced 
onlooker his fitness or unfitness for more 
private social intercourse on the level of 
good breeding. He may quietly create an 
impression that is a true forecast of his 
career, and, indeed, that may serve an 
introduction to it. 

The successful student, the promising 
young business man engaged in any 
important enterprise, the eager publicist 
who would influence opinion, the energetic 
yet judicious official, the working-class 
leader, may here emerge into a wide social 
world — wider, possibly, than lie has known 
• — an extremely mixed world, no doubt, 
sliowing much tliat should be a\T)idcd, but 
also a virile world that may not only offer 
an education in social amenities, but afford 
a fine play of intellect, through a succession 
of conferences with minds of many types. 

How should such opportunities be 
treated ? They afford many men such 
chances of becoming known as cannot 
occur under equally favourable circum- 
stances elsewhere. On the other hand, they 
are sometimes unused or misus(*d. fn the 
freedom of social intercourse an opinion 
is formed that certain men are broad, 
capable, tactful, and will go far in life, 
while others arc seen to be limited in 
outlook, socially stunted, unfit for the 
finer forms of enterprise, blunderers, or 
marred by some kink in their nature which 
makes them '' impossible ” for certain 
purposes. Indeed, it is often under these 
social tests, whicli are also constantly 
applied in more private as well as public 
intercourse, that opportunities come to 
men, and offers are prepared for them by 
observers, which may amount to an 
altogether new lead in life. 

To anyone, no matter what his up- 
bringing has iDeen, social intercourse that 
is .generous in its breadth is valuable in 
enabling a man to " find ” himself and, 
in some degree, train himself. That is the 
only true basis of success. The man seeks 
full expression of his mind and character. 
If he attains it, and succeeds in putting 
aU of himself into some vital form, through 
work suited to his capacities, he can do 
no more, and he should be satisfied with 
no less. An extension of social activity 
and experience gives us a^ptability, a 


power of managing men more easily, of 
laying ourselves alongside them for ex- 
change of opinion, for business, for recep- 
tion of what they can teach us. Without 
these attainments, how can we make the 
best of ourselves ? 

The prime secret of being able to take 
full advantage of all social opportunities 
that come in our way so that they may be 
truly educative is to cultivate first the 
captivating quality of sincerity — sincerity 
toned by considerateness. That is a frame 
of mind which is a universal commenda- 
tion. Sincerity insists that we shall be 
our natural selves, without pretences ; 
and considerateness insists that \\v shall not 
be aggressive, or impinge unduly on others, 
or be self-assertive, or showy, but sliall be 
modest at all times, while sustaining our 
sclf-rcspoct. 

Whoever is possessed by that spirit 
has no need to trouble himself about 
public appreciation. His attitude will 
command an instinctive confidence. If 
ho quietly holds his own on matters to 
which he has tlevoted careful thought, and 
is frank on points that are beyond his 
knowledge, if his nature is straiglit in the 
grain, and yet, while never being false to 
truthfulness, is sensitive towards even the 
prejudices of otliers, and so avoids the 
crudity of bickering or harsh contention, 
he will bo honoured by all observers in 
their inmost hearts, as one who is temper- 
ate as well as firm. It is, on the one hand, 
the pushing men and swift aggressors, 
and, on the other hand, the flaecid men 
and the practised toadies, who are re- 
jected instinctively. 

Of course, the man who would take his 
place naturally in any society must 
be at the troulde to Ijecome ac(|uainted 
with the best social usages for there is 
always a sound reason for any conventional 
point of good manners. Some people pro- 
fess to regard the ordinary rules of eti- 
quette as if they were only forms devised 
by people inside good society as a bar 
against people who are outside. But such 
rules, disregarding, of course, the freak 
fashions which all sensible people avoid, 
have been well thought out, and are thor- 
oughly practical in smoothing the path of 
social intercourse. If any rule does not 
wear well, it is soon discarded. A certain 
amount of experience in social intercourse 
is needed before anyone can be not only at 
ease, but graceful and helpful in general 
society ; and every man owes it to himself 
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that he should undertake that practice 
both as a duty and an opportunity. 

Many years ago, towards tiie close of his 
life, Matthew Arnold was speaking to a 
number of London teachers, and an out- 
burst of almost impatient criticism followed 
his seriously spoken advice that each 
should put on a suit of dress-clothes and 
go into society.'* That was quoted as an 
example of the great inspector’s superior 
air. 13ut what Matthew Arnold meant by 
that advice was perfectly sound. He 
saw that certain qualities which ** go 
with ” formal manners were missing 
from the average style of the teachers of 
that day, and he delicately hinted at a 
remedial method. There is no man in 
any grade of society, however simple its 
organisation, who would not be the better 
for such attention to the graces of s(>cial 
intercourse as Matthew Arnold had in mind 
when he used dress-clothes as a con- 
venient symbol. 

In all formal social relations personal 
bearing plays an important part. It 
affects some careers from earliest boyhood. 
Take the lad who is called up for an 
interview with the naval authorities after 
he has been nominated for training as a 
naval officer. At the age of twelve he 
may be rejected finally because he is 
awkward, unready, lacking in self-posses- 
sion, and is adjudged as deficient in the 
qualities that develop into the gentleman. 
Possibly this test is premature, precarious, 
or wrong, but it points towards a general 
truth, operative in the w'orld at large as 
well as in the Navy, that certain social 
endowments make smooth a man's path 
way through the w-orld almost as certainly 
as his more positive virtues have that effect, 
and indeed allow his solid attainments and 
natural gifts to shine with a clearer light. 

It may be objected that it is easy tn 
make too much of social adaptability ; 
that those who devote considerable atten- 
tion to it are likely to miss their way in the 
world, and that the most forceful men the 
world has ever known have had Ijttle 
care for social graces. The truth of these 
limitations must be admitted. The 
acquisition of social polish is only an 
jncidental part of a vigorous man’s life, and 
should never be allowed to dra\y him away 
from his essential duties. Indeed, few 
types of men approach nearer to the 
contemptible than those who fritter away 
a considerable part of their lives on social 
amenities of the lighter kind. The world’s 
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great originals, too, the pioneers, the 
special workers, who push somewhat 
further the bounds of knowledge, absorbed 
in their work — ^generally of a lonely 
kind — view all social considerations as 
the very small dust of the balance. But 
these exceptions do not affect the general 
position, which is that the full man ” 
should be fitted for easy access to any 
society without a handicap from awk- 
wardness or self-consciousness. 

If the man wath great and original 
abilities had been at ease in society, 
instead of lumbering, or dismayed, or 
‘‘ quaint,” as some undoubtedly are, he 
would have lost not one whit of his 
special power, but would liave reaped 
personal pleasure instead of discomfort 
when circumstances forced him into social 
intercourse. There is no conceivable virtue 
in uncouthness of any degree, but only 
distastefulness for all concerned. And if 
this is true of the genuine ability that 
can force its way against all surface 
disadvantages, how much more significant 
is it in the ciuses of men who have to do 
the best they can with their inherent 
powers without the imperious strength of 
genius I To them, at any rate, a reason- 
able attention to social demands and con- 
ventions is a valuable lubricant, smooth- 
ing the working of the wheels of progress, 
removing possible disabilities, and opening 
a way to chances which only the short- 
sighted or prejudiced will despise. 

We have considered social intercourse 
as an adjunct to success, but that success 
cannot with fitness be predominantly 
personal and selfish. A man cannot inspire 
confidence and goodwill if he is revolv- 
ing obviously on a pivot of self-interest. 
Social intercourse is a means of escape from 
such a narrow view, and affords opportuni- 
ties of devotion to the common interests of 
mankind. It asks from ^ man a personal 
contribution to the common stock of social 
helpfulness. It widens his range of useful- 
ness in ways never reached by the recluse. 
While society helps to broaden him, and 
reduce his angularities, he may help it with 
a quiet power that no one can resent, 
bringing to it, incidentally, wise and 
moderating thought, glimpses into the 
glorious resources of knowledge, a sense 
of all-embracing S 3 mipathy, even perhaps 
the moral fervour which raises the average 
man’s conception of life, and certainly he 
may bring the benign power of a happy 
disposition. JOHN DERRx 



GROUP 2— GEOeRAPHY A TRAVEL * A SURVEY OF THE EARTH— CHAPTER 20 


India; Its Physical Features, Climate, Vegetation, and Minerai Wealth. 
Basins of th3 Indus and Ganges. Ceylon, Assam, and Burma. Indo-China. 


THE INDIAN EMPIRE 


F rom whatever point of view we regard our 
Indian Empire, it presents great diversity. 
Its surface varies in elevation from the summit 
of the Himalayas to the sea level, and shows 
every type of fertility, from tropical jungle 
to arid desert. Out of nearly 1,800,000 sq. 
miles, with 315,000,000 people, about 700,000 
sq. miles, with 71,000,000 people, are governed 
by native rulers, who stand in varying relations 
to the central power. There is no community 
of either race or religion, and all types of civilisa- 
tion are represented, ftom the highly cultured 
Hindus to the semi-savage tribes of the jangle. 

Physical Features of India. Enough 
has already been said of the great mountain 
ranges wliich wall in India on the north. Upon 
their Hanks lie the mountain states — British 
Baluchistan, the North-West Frontier iirovincc, 
Kashmir, the wholly indc^pendont states of Nepal 
and Bhutan, and Assam. 

At the base of this mountain wall extend the 
vast alluvial plains of the Indus and (lange.s, 
built up in the slow course of ag(‘s out of the silt 
brought down by these mighty rivers and their 
tributaries. Five great tributaries of the Iiidus^ 
the Jhelum, Ohenab, Kavi, Beas, and Sutlej, 
water the Punjab, or Land of the Five Hi vers, and 
unite to cross Sind to the Ajabian Sea. TJie 
innumerable tributaries of the Uanges cross the 
United Provinces and Bengal, receiving in the 
deltaic portion the Brahmaputra flowing from 
Tibet and Assam. 

The desert of Hajputana, under native 
rulers, lies between the Indus and the Clang(*s. 
The right bank tributaries of the Ganges How 
in parallel valleys from the northt^rn margin of 
the Deccan plateau, which occiipi<is the centn* of 
peninsular India. In the west it rises steeply 
from the sea. The high western margin, which, 
seen from below, appeal's as a mountain range, 
is called the Western Ghats, or Stairs. In the 
east it sinks gradually to a broad coastal plain, 
which extends along the whole length of the 
eastern, or Coromandel, coast. Here the much 
less well defined eastern margin forms the 
Eastern Ghats. The northern margin is well 
defined, and forms the Aravallj Mountains, 
south-east of which lie the (Jentral Indian 
native states. 

South of the Vindhya Mountains is the deep 
gorge of the Narbada, which flows west across 
the Deccan plateau and crosses the lowlands 
round the Gulf of Cambay to the Arabian Sea. 
Parallel to it, separated by the Satpura High- 
lands, is the Tapti. All the other rivers of the 
Decoan flow east, the Mahanadi, the Godavari, 
the Kistna or Krishna, Cauveiy, and others. 
The plateau narrows with the peninsula, the 


southern margin forming the Nilghiri Hills. 
South of these is a remarkable depression, th(^ 
Palghat Gap, beyond which rise the Anamalai 
Hills of the extreme south. 

The most important political divisions of the 
Deccan arc^ tlie GVaitral l^rovinces and B(‘rar, 
betwt^en the Narbada and the Godavari, the 
large native slate of Haidcrahad, between the 
OcKlavari and Kistna, while farther south is tho 
native static of Mysore. Bombay forms the west- 
ern and Madras the eastern maritime province. 

Indian Climate. The climate of Imlia, 
like its surface, is very varied. On the coasts 
the tem]>erature is high throughout the year, 
with less variation tlian in the interior. The 
highi'st lemperaturi's in summer are recorded in 
Sind, the l^mjah, and Baluchistan. Th(*se 
regions Ho more or less outside the influence of 
the rainy south-west monsoon, which lowers the 
summer tenijicratiire. Hajputana and Sind are 
almost rainle.ss, forming an aiea of true desert. 

Rainfall. The coming of the south-west 
monsoon, tho most dramatic feature of Indian 
climate, has already heiai descrihed. It strikes 
wdth great violence on the Westi'rn Ghats, which 
have a rainfall of over 100 in., while tho Western 
Deccan in their h'o has less than 20 in. Tho 
rainfall is also extremely Iieavy in Burma, Assam, 
and the Ganges Valley, the highest rainfall in tho 
world being experienced at a ]>lace in tho Kliasi 
Hills, which lias the enormous rainfall of 40 ft. 
per annum, .Just before the monsoon hursts 
the Di'ecan is the hottest part of India, hut 
during tlie monsoon months-' June to October- - 
the highe.st li‘m})erature oecurs in >Sind and the 
ari<l highhinds to the west, where a shade 
temperaturi* eon.siderably above 100° F. may 
last for many eonseeutive days. '^Fhe (^liinatci of 
all this region is very extreme, for tho aikl soil, 
unprotected by vegetation, loses its heat rapidly 
by radiation during the night, and Ui<‘ wiiitiTS 
are cool. In th(‘ Punjab tlie hot summers are 
compensated for by several months of bracing, 
cool, winter weather. 

In autumn the south-west monsoon begins 
to recede, its place being taken by tho north- 
east trades, now moving south with the sun, 
and often called the north-east monsoon. It 
prevails from November to February. The 
first two months, called the period of the re- 
treating south-west monsoon, is the wet season in 
South-east India and the eastern iiart of Geylon, 
but the rainfall thuk caused is much less than 
that brought by the full south-west monsoon. 

Irrigation. The seasonal character of the 
Indian rainfall makes it a matter of prime 
importance to store w'at(.'r for use in the 
dry season. An ancient Indian method was 
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to construct tanks, subterranean reservoirs 
and artificial lakes. Innumerable wells wore 
sunk to the water>bearing strata. Canals 
were also made to carry off the ffood waters 
of the rivers in spring, when they are enor- 
mously swollen by the melting of the 
mountain snows. This surplus water w’as then 
distributed by smaller irrigation canals. Under 
British rule great engineering works have made 
not merely the flooa but the perennial waters 
of the rivers available for irrigation. Wherever 
possible the country is covered with a network 
of canals, the regulation of wiiich is one of the 
greatest services rendered by Britain to India. 
All these precautions, however, do not prevent 
local famines, whenever the south-west monsoon 
is scanty. 

Vegetation. The vegetation of India is 
luxuriant or the reverse according to the rainfall. 
Everywhere it strikes unfamiliarly on the 
European eye. Palms are abundant, and are 
of many species. 

The coco-nut palm 
does best near the 
sea. Many of the 
tropical palms of 
Southern India and 
Ceylon cannot stand 
the cold winters of 
Northern India, bub 
the hardy date palm 
thrives even in the 
dry, extreme climote 
of Sind. At the 
base of the Hima- 
layas is the fetid 
jungle area known 
as the teraif deadly 
to Europeans. Above 
are magnificent 
forests of sal and 
deodar — a cypress — 
with tea plantations 
in the clearings. 

Above these are 
w'oods of brilliantly 
coloured rhododen- 
drons, making a wonderful sight. The hotter, 
wetter forests of Burma supply teak, one of the 
hardest timbers in the world. It is also found 
in the Western Ghats and other hot, wet parts 
of the peninsula. Valuable forest trees are 
ebony, satinwood, sandalwood, the gum-arabic 
tree, and many others. The great banyan is 
grown as a shade tree. Of the many fruit 
trees unfamiliar to us, the pipal, or sacred fig, 
the mango, the tamarind, the guava, etc., may 
be mentioned. The bamboo, a gigantic grass, 
is very valuable, especially to the forest 
peoples, who can make fronpit almost anything 
that human needs require. 

The cultivated plants include many cereals, 
the variety depending on the climate. Large 
quantity of wheat are grown in Northern India 
and in the Northern I>Mcan as a winter crop 
in the cool months. Kice, the typical cereal 
of worm, damp countries, is universally grown 
in the Ganges and Brahmaputra delta, in Burma, 
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and in most of the swampy coastal plains of 
the peninsula. A universal crop is millet, which 
can be grown in poor soils. Other very common 
crops are pulses and oil seeds (sesame, linseed, 
rape, castor-oil, mustard). Sugar-cane, inchgo, 
and tobacco are widely groW. Of fibre plants 
cotton and jute are important. The latter is 
confined to Bengal, but cotton is grown where- 
ever there is a moderate rainfall. The great 
cotton-growing region is the Deccan, with its 
rich black, moisture-holding soil, and Gujerat. 
Tea in the Himalayas, and in the Assam hills, 
h^ already been mentioned. Coffee is culti- 
vated on the lee slopes of the Western Ghats, in 
Southern India. 

Minerals. The mineral vrealth of India is 
considerable. Coal is worked in Bengal, Assam, 
Central India, Haiderab^, and Baluchistan. 
Southern India, though poor in coal, is rich in 
other minerals. Iron is widely distributed, but 
unfortunately seldom occurs near coal and limo- 
stonc; gold i.s 
abundant in Mysore ; 
tin^ and petroleum 
are found in Burma ; 
Upper Burma has 
fine rubies and 
Ceylon precious 
stones. Golconda,in 
Haiderabad, was 
proverbially famous 
for cutting and 
polishing diamonds, 
not for producing 
them. 

The Occupa- 
tions of India. 

India is primarily an 
agricultural country. 
A pastoral belt 
RJiretchos across 
Northern India from 
Cutch to Kashmir, 
and everywhere 
flocks and herds are 
kept in the moun- 
tain pastures. 

The manufactures of India — fine textiles and 
metal work — have always been famous in Europe. 
These, like the more common trades of the 
smith, potter, etc., are handed on from father 
to son, and skill and taste doubtless become 
hereditary. In recent years machinery and 
the factory system have been introduced, to 
the rapid deterioration of the manufactures 
affected. In Bengal jute factories make gunny- 
bags for packing exports. Cotton mills %i*e 

f umerous near the cotton growing regions in 
!ombay. 

The Indus, Punjab, and Sind. The 

Indus and its great tributary; the SuUej rise 
between the inner and outer Himalayas in 
Tibet. Both first flow north-west, parallel to 
the axis of the mountains; but the Sutlej soon 
breaks south through the Himalayas in mag- 
nificent forested gorges, to the j^ns of the 
Punjab. The Indus fiows in wild and gloomy 
defi^ through the bleak scenery of Eastern 
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Kashmir, passes Leh, the starting point of 
earavans across the mountains to all parts of 
(Central Asia, and, after receiving the Shyok 
from the Karakorams, l)end8 to the south near 
the base of Mount Godwin Austen, the second 
summit of Asia. It now flows between the 
mountains of Gilgit and Ohitral on the right, 
across which lie difficult routes to the Pamirs 
and Russian and (Jhinese Turkestan, and the 
mountains of Western Kashmir on the left. 
Among the latter rise its tributaries, the Jheluni 
--•whose level up^ier valley forms the far-famed 
Vale of Kashmir, with Srinagar, the summer 
capital, near Wuler Lake — and the (^henab. Both 
descend steeply to the Punjab plains, Jammu, 
the ca])ital of Kashmir, being built on a tributary 
of the Ohenab, near where it leaves the mountains. 

The maiti stream of the Indus emerges into the 
liigh Peshawur plain, where it breaks up into a 
network of channels, which join up again to 
form one main stream neir Attoek, where the 
Kabul river comes down . , — 


known as the Punjnad, soon after unites witk 
the main stream, and flows across the arid region 
of Sind, past Haidcrabad, to its great delta. 
Karachi, the port, ships the wheat and other 
produce of the Punjab. 

Rajputana. East of the Indus lies Rajput- 
ana, the northern part of which is a sandy 
i desert, where camels and goats are kept wherever 
the scanty herbage is sufficient. Beyond the 
Aravalli Hills, the north-west edge of the Deccan 
plateau, the country improves, and has long 
stretches of hills and woodland, several rivers, 
and fertile vales and plains. The chief city of 
Rajputana, which is divided among native rulers, 
is Ajmen^ at tlie northern end of the Aravallis. 

Ganges Basins and United Provinces. 
The waters of the Himalayas, east of Kashmir, 
are carrictl to the Indian Ocean by the Ganges, 
the sacred river of the Hindus. The main 
stream, which has risen in the Tibetan cradle 
of the great Himalayan rivers, flows parallel to 
its tributary, the Jumna, 


from Afghanistan. 
Here the Indus is crossed 
at the line from Lahore 
in the Punjab to Pesh- 
awur, an important mili- 
tary post, commanding 
the Khaibar route to the 
capital of Afghanistan 
by the Kabul river. 
Below Attoek, the river, 
now dcjscending rapidly 
in a narrow gorge, is a 
wild and dangerous 
torrent, only to be 
crossed by the most 
experienced native boat- 
men. At last it reaches 
t he plains of the Western 
Punjab, less fertile 
than those of the East- 
ern Punjab, w'hi(di are 
watered by the Jhclum 
and Chenab from Kash- 
mir, and by the Ravi, 
Boos, and Sutlej from the 



and botlw break through 
: the Himalayas in for- 
ested gorges of groat 
beauty. 

Th(5 scH‘nery of the 
vast plains of the Ganges 
is eveiywhere monoton- 
ous. During the rains 
and in the winter months 
the whole of this densely 
populated area is covofchI 
If by “ an unbroken succes- 
sion of fields, orchards, 
I and mango groves siir- 
rounding clusters of vil- 
lages.” The t Jumna flows 
west of the main stream 
past Delhi and Agra, 
whose magnificent pal- 
aces ’ and temples are 
among the wonders of 
the world. Delhi, the 
capital of the Indian 
Empire, is also a manu- 
facturing city, and a 


Himalayas, all dividing rpHK m(^sque of aurangzeb, ben ares, erected Military a«d railway 
into many channels dry to emphasise the spread op Mohammedanism centre. Below Agra the 


in early summer, but 

later filled by raging torrent^?, fed by the 
melting Himalayan snows. The whole region 
consists of wide, flat plains, bare and brown or 
golden with wheat, according to the season of 
the year. The slopes of the Himalayas, on 
which is Simla, the summer capital of India, add 
timber and tea to the rcisources of the Punjab. 

The chief cities are Lahore, the capital of the 
Punjab, near the Ravi, with many manu- 
factures and many radiating linos of railway; 
Delhi, in the Ganges basin ; Amritsar, the 
centre of Sikh faith and influence, manu- 


Jumna receives the 
Ohambul, from the Malwa plateau of the Deccan, 
a centre of opium and cotton culture. Allahabad 
is built where the Jumna unites with the Ganges, 
which has flowed past Oawnpore ; the latter 
has leather and textile manufactures. The 
great river passes Mirzapur, the Birmingham 
of India, and Benares, the holy city o?^tho 
Hindus, whose wonderful metal industries and 
flne textiles have long been world-famous. 
Lucknow, on the Gumti, is also a manufacturing 
centre, whose native cloth of gold tissues are as 
famous as those of Benares. Below the eon- 


facturing Kashmir shawls; and Rawalpindi, a fluence of the Gogra is Patna, in Bei^al. All 
militanr station in the extreme north, between this region Is fertile and carefully cultivated. 


the Jhelum and Indus. The other Punjab 
rivers unit© with the Sutlej some distance below 
Multan, an important loTjtn on the lino between 
the wheat distriots of the< Fhnjab and Karachi, 
the port of the Indus; The united stream, 
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The, Himalayan rivers never run dry, as 
do those which flow from the Deccan to the 
right bank of the Gangc^ Tea is grown on the 
lower slopes ol the Himalayas, . whose forests 
supply sal and other valoable timber, , TIm 


opium poppy and all Indian crops arc grown, 
with wheat as the chief winter crop. Rice is 
grown in the swamp-lands during the rains. It 
becomes the staple crop in Bengal, the basin of 
the lower Ganges. The southern margin of the 
delta forms the Sunderbunds, a region of swampy 
forest or jungle, everywhere intersected by w'attu*. 

Bengal. Calcutta, the capital of the Bengal 
Presidency, is built on tlie Hugli distributary 
of the Ganges. It is a great port, the outlet for 
the richest regions of India, and has considerable 
manufactures. During the intolerable lunit of 
summer the Bengal Government moves to Darji- 
ling, in the Sikkim Himalayas, commanding finci 
views of the giant peaks of Sikkim and N(‘pal, 
the monarch of which is Kanchenjunga. From 
points not far distant a glimjjso of Blount 
Everest is caught. Both Nepal and Bhutan are 
independent states,, occupied by hardy hill tribes, 
who drive their flocks to the high summer 
pastures and descend to the vallc^j^s in winter. 

The southern margin of the Ganges basin 
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crop. The hot, moist coastal plain and Western 
Ghats are coverx^d with rich tropical vegetation, 
and on the plateau above enormous quantities of 
cotton are grown in the fertile black soil. 

Bombay, the capital of the presidency, and 
rapidly bc^coming the tiret city of India,* is the 
great market from which cotton and all Indian 
produce, brought down to it by many converging 
railways, is shipped through the Suez Canal to 
Europe. It is built on many islands, now practi- 
cally made a peninsula by the silting up and 
bridging of the straits between. Its line 
harbour, advantageously suited for the Suez 
Canal trade, its growing cotton manufactures, 
and its excellent railway communications ensure 
its j)crmanent pro8|)erity. On the (ihals al)ovc 
is Poona, the vSinda of the presidency. Atnned- 
abad, near the Gulf of Cambay, Surat, on tlie 
Tapti, and many other towns manufacture 
cotton, either by hand or machine^ power. 

Central India. Over 80 native states, the 
largest being Gwalior and Indore, lie around the 



is the wild hill-land of Chota Nagpur, with vast 
forests and largo deposits of coal. The northern 
part is being cleared and cultivated, and the 
people live in settled villages or work in the 
mines. The southern part is still the home of 
wandering, half-civilised aboriginal tribes. 

Bombay* It is difficult to state briefly 
the limits of the western maritime province, 
which includes the lower Indus basin and extends 
along the coast to the frontiers of Madras. 
Besides the alluvial plains of the coast, it takes 
in the western escarpment of the Deccan plateau 
and part of the fuateau itself. Sind, in the 
Indus basin, has already been described. To 
the south is Catch, almost cut o€E from the 
mainland by the Bann of dutch, a broad belt 
of salt maxshes in summer and salt desert in 
winter. In Gujerat and all around the Gulf 
of Cambay <mttoii isgrpwn, with wheat aa a winter 


northern margin of the Deccan, where the greatest 
escarpment of the Vindhya mountains faces the 
Aravalli hills. All are hilly or undulating. 
Though drier than the Ganges basin, the rainfall 
is sufficient for successful cultivation. Cotton 
and opium arc grown in the hilly Malwa plateau 
in Indore. The summer crops are very varied, 
and wheat is grown as a winter croi). The chief 
river is the Narbada, which rises in the east(*m 
part of the plateau and flows past Jabalpur, and 
through its famous gorges of white marble. 

Berar, under British control, lies in the upper 
Tapti basin, the lower course of which is in 
Bombay. It is a hilly region, with valuable 
forests and large areas of black cotton soil. The 
chief cotton market is Amraoti. 

The Central Provinces. These include 
the highest part of the Deccan plateau, with 
the sources of the rivers flowing both ea^t and 
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A'ost. Tlio surface consists of rugged hills and 
plateaux, exclosing fertile and well -cultivated 
plains, with much black cotton soil. The rain- 
fall is fair, and the summers less hot than in 
many other parts of India, while the winters are 
mild. Much wheat and pulse are grown in the 
Narbada valley in winter, and in the rich agri- 
cultural district round Raipur, drained by the 
Mahunadi, replaced by rice in the rainy season. 
The forest j)roduce is rich and varied. Goal is 
abundant. The chief towns arc Nagpur, in 
a plain cast of the 8at})uras ; Jabalpur, on the 
Narbada, and Raipur in the east. 

The Native States of Haiderabad 
and Mysore. The large state of Haiderabad 
occupies the centre of tlie Deccan. Much of 
its surface consists of plains of black cotton 
soil, separated by low, flat-toj)ped basalt hills. 
It is much drier than the (Jentral Provinces, 
and there is little forest. The whole country is 
dotted with tanks to store water for irrigation. 
The rivcTs (lodavari and Kistna cut gorges in 
their descent to the alluvial plains of Madras. 
Cotton is an important crop. Many ancient 
and beautiful manufactures are carried on, 
but as coal is abundant thesi; may ultimatt'ly be 
displaced. The capital is Haiderabad. in a 
stony [ilain. {Secunderabad, in the immediate 
neighbourhood, is a British military station. 

Mysore is also a high, undulating region with 
many isolat(*d rocky hills, Korcsts clothe the 
wetter western hills, producing sandalwood and 
other valuable timbers. Coffee is largely culti- 
vated. Of minerals, gold is the most important. 
The chief cities are Bangalore and Myson*. 

Madras. Nearly all the rest of India is 
included in Madras, the surface of which is 
extremely varied. The west is high, sinking 
to the coastal plains in the Coromandel coast 
in the east. Tn the south the forested Nilgiris, 
the home of little-known, aboriginal pcoj)les, are 
separated from the Cardamom Hills by the 
Palghat Gap, an important route across 8outhern 
India traversed by a railway from Madras. 
The richest parts of IMadras are the lower 
courses and (it^ltas of the Godavari, Mahandi, 
Kistna, Gauvery, and other rivers from the 
plateau. The plateau area resembles Mysore. 
The mountains and hills of the west are covered 
with dense forests, supplying beautiful cabinet- 
woods. Gold and precious stones are found, but 
no coal. Wheat is not grown so far south, but 
most other Indian crops succeed. Coffee and 
some tea are cultivated in the western hills. 
The tobacco of Southern India is well known. 
INtadras, on the surf-beaten east coast, is tho 
third city of India. Trichinopoli, on the 
Gauvery delta, manufactures tobacco. 

Ceylon. South of India, and not adminis- 
tratively included with it, is Ceylon (25,000 sq. 
miles). It is an island, mountainous in the 
centre and south, separated from the mainland 
by Palk Strait. The south of Ceylon is densely 
forested. Adam’s Peak is tho most famous, 
though not the highest, mountain. The climate 
is hot at all seasons, and the rainfall ’ heavy, 
except in tho north. Vegetation is entirely 
tropical in character, palms preponderating. The 
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coconut palm supplies coir or fibre, oil, and copra 
— the dried flesh of the nut. Enormous quanti- 
ties of tea are cultivated on the cleared hill-slopes. 
Many spices are also grown. Colombo, the capi- 
tal and chief i^ort, is on the west coast. Kandy 
is finely situated on the forested hills of tho 
interior. Trincomalee is a port in the north-east. 

Indian Islands. Rising from the seas 
west of Southern India are the coral Laccadive 
and Maidive islands. Only a few are inhabited. 
Vegetation consists chiefly of coconut palms. 
Midway in the Bay of Bengal are the forested 
Andaman and Nicobar Islands, the homes of 
primitive tribes. 

Assam. The foresk'd mountain province of 
Assam is traversed by the valley of the Brahma- 
putra, which descends from the bleak plateau 
of Tibet to the steamy lowlands of the Ganges 
delta. Much tea is grown in the clearings of the 
forests, which supply sal and other valuable 
timber. Tho seat of government is Shillong, 
in tho Khasi Hills, Avhich (‘ontain deposits of 
coal and petroleum. 

Burma. J^urma lies entirely east of ^jenia- 
sular India, but is practically part of that country. 
It occupies most of thi> basin of the Trawadi 
l-pper Burma is a region of wild, forostc'd moun 
tains, the hojne of many uncivilised tribes. 
Tile fori'st produce is very valuable. Teak, one 
of tin? most durable of timbers, is, owing to its 
great weight, floated down the rivers to tho 
coast, where olopliants are us(‘d to })ile it. Tho 
rubies of U]>]>er Burma are famous for their 
fine colour. IVtrohmm is found. Lower Burma 
consists of the fertile deltas of the Ira wadi and 
kSalwiu, both great rice-growing ri‘gions. 

The Trawadi rises by several streams in tho 
mountiiiris east of Assam, and flows through 
forested hills, forming picturesque defiles in its 
course to the sea. It is navigable from Bhamo, 
700 miles from the eoa'sfr. The chief towns 
of the Trawadi arc Mandalay, the old ca[Utal 
of Uiiper Burma, and Prome. Rangoon, tho 
capital, on the Rangoon river, 20 miles from the 
sea, is connected by a creek with the delta. 
It has a large export trade in teak and rice. 
The Halwin flows from Jtlastern Tibet, through 
littk'-known forested mountains. In the Shan 
States, on the Chinese border, tho cultivation of 
wheat is becoming important. Teak from the 
forests and rice from the delta are the exports 
of Moulmein, on the estuary of the Salwin. 

INDO-CHINA 

Siam. Tho independent kingdom of Siam 
occupies the region between Burma and F^nch 
Indo-China, the Mekong forming tho boundary 
l>etween the two for a considerable distance. 
The Menam delta is tho mainstay of Siam and 
the chief support of its {lopulation and trade. 
The capital of the country is Bangkok, a squalid 
little town resembling Venice, with water-streets, 
and houses raised on piles above the swampy 
delta flats. 

Malay Peninsula. In the extreme south 
of the Malay Peninsula is the British Straits 
Settlement, with the great port of Singapore on 
a neighbouring Island. The Federal^ Malay 
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States are a British protectorate. The rest outside 
Burma is Siamese. The whole region resembles 
Burma. The rich forests supply many valuable 
products. Rice is the staple cultivated plant in 
the deltaic lowlands. The Malay Peninsida and 
sii^l adjacent fslands supply the world with tin* 


The richest parts of French Indo-China^ arc 
Tongking^ the fertile delta of the Red River, 
with Hanoi as the capital, and Oambo^a, the 
delta of the Mekong, wliioh has Saigon as 
its capital. _ 

A. J. AND F. D. HERBERTSON 
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fiROOP 3-AR TS A CRAFTS • THE fl lORlOilS WORK OF MEN’S HANDS-CHAPTER 20 

Di awing the Cube and Square Prism. Lines, Angles, 
and Proportionals In Geometry. The Use of Scales. 

OBJECT DRAWING AND GEOMETRY 


Drawing a Simple Group* We Bhall 
now explain the methoii of drawing a simple 
group as shown in 67. The student must 
obtain real objects from which to draw, and ought 
not to copy 67, for he ought now to learn 
to draw from the ‘‘ round.*’ A box and a 
rectangular sheet of paper will serve as models. 
Place them upon a table at a distance of eight or 
ten feet away, so that the top of the cul)e or box 
is somewhat below the eye level. The objects 
need not necessarily be exactly of the same pro- 
portions as in 67. The drawing should nearly 
fill a piece of paper not smaller than quarter 
imperial (15 in. by 11 in.), and larger paper will 
bo required later. When an artist commences a 
sketch of a landscape he determines where the 
four boundaries of his picture and the position 
of the horizontal lino will come in the scene 
before him. The latter can be ascertained by 
holding a stiff piece of cardboard horizontally, 
etc., as previously explained, and the boundaritM 
by cutting in the cardboard a rectangular opening 
' of the same proportion as the canvas or paper — 
€.gr., if the canvas be 15 in. by 12 in., the opening 
should be 5 in. by 4 in., then, holding the card- 
board vertically and adjusting its distance from 
the eye, the four edges of the opening will show 
which objects of the scene will come just on the 
boundaries of the picture. The same method 
may be used with the cube and board [68], and 
more especially as a test, after judgment wdth the 
eye alone, of the proportions of tfui objects and 
the various directions of their edges. 

The right and left-hand boundaries of the 
group [67] are the imaginary vertical lines QP 
through B and NO through />. These two 
vertical lines should be drawn lirst, about an 
inch from the edges of the drawing-paper, which 
ensures the paper being fairly well filled with the 
drawing, and also determines the scale of the 
latter. 

Importance of True Proportion* All 

representations of masses, edges, etc., must 
henceforth be kept in true proportion with this 
scale. Now make a few preliminary, but careful 
and searching observations of the general pro- 
portions — e,g. the width OP or TB of the group 
is about three and a third times the height LB ; 
the vertical edge EH is very nearly oquidistaiit 
from the corners D and B ; the edge QM about 
midway between the comer D and the edge EK ; 
and the comer A is much nearer to the left-hand 
side of the group than to the right. All these 
measurements are of course only as they seem to 
the eye from the point of observation ; they are 
the apparent not the reed distances. 

The student must assiduously persevere in 
midcing these and every judgment first with the 


eye alone, and afterwards test by measuring w ith 
the pencil held as already advised. The mind 
being stored with these important facts, the 
exact position of the corner A should Ix' observed 
by comparing the distance OA with A P. It will 
be found that AP is about four and a half times 
OA, In testing this the ascertained length OA 
should be carefully stepped along AP, and it is 
most important that the pencil should be held 
correctly, (see dotted line drawing of hand and 
p<mcil in 67), nfd slanting away because the edge 
recedes. 

The Three Most Important Points. 

Tlie position of A should now be marked on 
the draw ing paper, by making the space between 
it and QP four and a half times that between it 
and NO. Do not use the cumbersome and un- 
satisfactory method (which does not train the 
eye) of taking a mcasiiroment from the objects 
and then some multiple of it to suit the scale of 
the drawing. Next obtain the slope of th<» 
edges A B and A />, by observing that the cornt?r 
B is apparently slightly lower than A the 
apparent size of the space l)etween 0 — level with 
A — and D is two-twircls of OA, and that PB is 
about one-fifth less than OD or a little more than 
one hal f of OA . To test, holtl the pencil vertically 
to obtain apparent length of OD and PB, and 
horizontally to com pan* them with OA, Then 
mark thesi* positions on the respe(*tive vertical 
lines in the drawing, in the same proportion with 
OA already obtained, and the three most 
important points are thus determined. 

Now fix the position of the horizontal line by 
comparing the distance AU with AP, and as a 
check LV with AO. Then draw the lines AB 
and AD; these, if continued to the line HL 
exU*nded, would give their respective vanishing 
points, which are, as in 67, very often outside 
the limits of the drawing-paper, but with care 
their position may lie judged. Afterwards draw 
DC very slightly converging with AB, and BO 
more quieklv with AD, The larger the angle at 
which parallel edges recede the more quickly 
they appear to converge, as A D, BC ; and the 
more nearly they api>ear horizontal, as AB, CD, 
the less quickly they converge. The intersection 
of BC with DC gives the position of C. 

Next apply a few tests to the drawing, as any 
inaccuracy not corrected at this stage will 
cause groat trouble when drawing the cul)e. 
For instance, test by holding the pencil vertically, 
whether the distance A W from the front corner 
to the back edge is in true proportion with AO, 
not as in 69 ; and that the back corner C is 
opposite a point on the front edge, so that XP is 
two-fifths of AP, or two-thirds of AX. Then 
sketch the lines to show the thickness of the 
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board, and keep the very short lines at the 
corners vertical, not as in 69. 

Drawing the Cube. In drawing the 
cube, first determine the position of the corner 
E, by comparing the space between D and E 
with that between E and B, or AE with AD* or 
AE with EB. E is much nearer to the front 
edge at Y than it is to the back, and is nearly 
equidistant from D and B. In 69 the position 
of E is quite wrong. Now draw the lines EF 
and EO. The board being correctly drawn, it 
is quite easy to determine the direction of the 
two edges which they represent, for it will bo 
noticed that EF recedes towards a point R not 
far from the corner C, and EO directly towards 
the corner />. Next ascertain the apparent 
length of EF, which is about equal to the distance 
FC, and of EG, which is about two-thirds of OD. 
Then draw a vertical lino through each of the 
points O, E, and F, also observe that EH is 
apparently rather longer than EO. The height 
of OM and FK can easily be .settled by drawing 
HM converging with EO, and HK with EF, to 
their respective vanishing points. From .1/ 
draw ML converging with UK and EF, and 
from K draw KL converging witli HM and EO, 
thus obtaining the apparent shape of the top 
surface. Do not bo afraid of producing these 
lines some distance right and left, as in 67, in 
order to see whether they arc converging properly. 
Now hold the drawing vertically at arm's length, 
compare it carefully with the group of objects, 
correct any inaccuracies, clean up, and fini.sh 
with a soft, broad, grey line. 

The Secret of True Drawing, Tlie 
secret of making a true drawing lie.s in the most 
careful and searching observation of the pro- 
}>ortions between, various spacers, and the proper 
convergence of lines which repr6.sent what are 
really parallel edges. Do not lie satisfied with 
a comparison between one part and (W other, 
but make it between one part and several others. 
The mistakes generally made arc such as aro 
shown in 69, where, besides those already men- 
tioned, AB and DC are diverging instead of 
converging towards the right, and AD, BC do 
not converge to the left, thus causing the board 
to appear w^arped and wider at the right end. 
The edges EF, HK, are converging towards the 
right, but ML is not ; also EO, HM, KL, are not 
converging towards the left, while OM, EH, FK 
ought to be vertical. If the invisible back edges 
w'ere represented it would be seen that the back 
corners of the cube would appear to be beyond 
the back edge of the board. The space DO is 
too small, AD is too long and slanting in the 
wrong direction. The point ..1 is too far to the 
left. There are other errors which an observant 
eye will easily detect. 

The Square Prism. In 70 to 78 we give 
various appearances of the square prism, an 
object which is square at its ends, and has an 
oblohf' for each of its four side surfaces. The 
method of drawing this is similar to that of the 
cube, but special attention should bo given to 
the fore-shortening of the long edges in particular 
views, as in 72 and 74, where the long edges AF, 
BO, DE, are represented by shorter lines than 
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AB, BC, CD, DA, those for the short edges. 
Compare the drawing of the cube with that of 
the square prism in 74 ; both are views seen 
when the spectator is directly opposite the square 
surface, but the objects are Wow the eye level. 

Figure 76 represents the prism resting on one 
of its short edges. In 79 we have a more 
difficult view of the prism resting on one of its 
comers on the board, and its under surface 
leaning against one top edge of the cube. The 
board and cube will give little trouble to draw, 
but observe that the front and back edges of the 
board do not converge, because they are not 
receding from the observer, while the side edges 
do so rapidly. In this case wo have the two 
extremes, one where apparent convergence takes 
place most rapidly and the other wliorc there is 
no convergence at all. The student should place 
the objects as 'indicated, and observe that the 
edges AB, DC, FN are apparently converging 
downwards to the right, A D, BC, FE downwards 
to the left, and AF, BN, DE upwards to the 
left. Even without a knowledge of advanced 
perspective the position of each set’s vanishing 
point can be determined, if careful attention be 
given to the apparent direction of any two 
edges in each ,set. 

Drawing the Prism. Assuming that the 
board and cube are drawn, begin the drawing of 
the prism by obtaining the position of the corner 
A, and next tlu^ slant and length of the three 
edges AB, AD, zlF^each of which Indongs to 
a di lie rent set. Notu^c that D is rather liigher 
than K, and KD is about two-thirds of KH ; AB 
is three -fifths of AD ; while A F is three times as 
long as .,4^; and the corner C is almost vertically 
under .4 and level with K, thus determining the 
direction of BC and DC. The point E is to the 
left of G, but higher, and the distance EG is 
equal to KD, which gives the direction of FE 
and DE. The direction of DE could be found 
by observing where it cu'ts the edge HM of 
tho cube. .Draw FN converging with AB and 
DC, and BN converging with AF and DE. 
Each set should converge as shown in 79. 

Having mastered these geometrical solids, the 
student should draw from objects similar in con- 
struction ; such as rectangular boxes, bricks, 
books, stools, chairs, tal)le.s doors, cupboards, 
steps, easels, tanks, and picture frames. Some of 
tliose are shown in 80 to 85. He should analyse 
each object and endeavour to find some simple 
linos of construction ; draw these first correct in 
proportion and perspective, as indicated by small 
sketches in 80 to 86, the study of which will 
teach him much more than hundreds of words. 

PRACTICAL GEOMETRY*" 

Lines, Angles, and Proportionals, 

Tiic following a’e preliminary exercises which 
will often l)e tequired in succeeding problems: 

86. To Bisect a given Line AB. The best 
way is to do it by trial with the compasses. 
Another method, 86 A and B. With centre A 
and any radius longer than half the line describe 
an arc. With centre B and same radius intersect 
it in C and D. Draw CD which bisects the given 
line at right angles. 






GROUP 3>>DRAWING AND DCGtOfI 

87. To Draw a Pebpendiculab to a oiven 
Line ACy from a given Point A within or 
B WITHOUT THE LiNB. This may bo done in 
several ways by intersecting arcs, but the most 
practical, most accurate, and quickest is by 
placing a ruler level with the lino ACy and a set 
square with one of the edges exactl}^ touching 
the ruler, and the other passing through the 
given point as shown in 87. 

88 . To Bisect a given Angle ABC, With 
centre B and any radius describe an arc to cut 
the lines in A and C. With centres A and G 
and any radius descrilio arcs to intersect in D, 
Draw BD whicli bisects the angle. By this 
means an angle may be divided into 4, 8, 16, 
etc., equal parts. 

89. To Trisect a Right Angle ABC, With 
centre B and any radius describe the arc AC, 
With centres A and C and same radius cut tho 
arc in D and E, Draw BD and BE which trisect 
the right angle. 

90. To Draw a Line pARAiiLKL to another 
ABykTA^ GIVEN Distance C from it, or through 
a Given Point D. At any point in AB draw a 
perpendicular OF equal to the distance C. Place 
one edge of a set square level with A By then a 
ruler against another edge of the set square {'901. 
Hold the ruler firmly fixed, but slide th(5 set 
square along it until tho edge (which was level 
with AB) passes through Fy and draw FE the 
required line. When the point as D is given, 
the method is the same except that no pc?rpcn- 
dicular is required [90]. 

91. To MAKE AN Angle Equal to a Given 
Angle ABC, Draw any line KF, With centre 
B and any radius describe the arc AC, With 
centre E and same radius describe tho arc f)F. 
With distance AC as radius and F as centre cut 
the arc in I), Dtaw ED through E and D 
(Euc. ITT. 27). 

92. TiiRoirou a Given Point C to Draw a 
Line meeting a (Jiven Line AB at an Angle 
EQUAL TO A OivEN Angle //. Through C draw 
CF parallel to AB, At C make the angle FCD 
equal to //, and tho angle CDH will also bo 
equal to it (Euc. I. 26). 

98. To Bisect the Angle made by Two 
Converging Lines /L4, DC, without using 
THE Apex. Draw a line at any convenient dis- 
tance parallel to AB, and another at same 
distance parallel to CD to intersect in E. Bisect 
the angle thus obtained. 

94. Through a Given Point E to Draw a 
Line converging to the Same Point at 
WHICH Two OTHER CONVERCHNO LINES WOULD 
MEET IF Produced. Draw any two convenient 
lines FOy HK parallel to each other and cutting 
both AB and CD, Join E and F, E and G. 
Through H draw HL parallel to FEy and through 
Ky KL parallel to OEy intersecting at L, Draw 
EL through E and L, 

98^In a Given Line AB to find a Point 
EQumisTANT FROM Two Given Points C and 
D WITHOUT IT. Join C and D, and bisect the 
line CD by a perpendicular meeting AB in 
which is the required point. 

96. To Draw Two IStraight Lines to Meet 
A Given Line CD from Two Given Points A 


AND B WITHOUT IT, AND TO MaKB EqUAL ANGLES' 
WITH IT. Draw AE perpendicular to CD so 
that FE equals FA, Draw BE cutting CD in 
0. Draw AO, Then AO and BO are the 
required linos. 

Proportionals. If a straight line be drawn 
parallel to one side of a triangle, it cuts the 
other two sides or those produced propor- 
tionally. (Euc. VI. 2). 

97. To Divide a Line into any Number 
OP Equal Parts (say Seven). Draw AC oX 
any angle with ..45, and set off on it any con- 
venient distance seven times. Join IB and from 
the points 6, 6, 4, 3, 2, 1, draw parallels to 75 
to cut A B, 

98. To Divide a Line AB proportionally 
TO A Given Line CD. Draw AE at any angle 
with yl5. Make Al, 1 2, 2 3, 35 equal to Cl, I 2, 

2 3, 3D respectively. Join E and 5. Draw 
paralloU to EB through 3, 2 and 1 to meet AB. 

99. To Divide a Given Line A 5 in the 
Same Proportion as the Nos. 3, .5, and 2. 
Draw AC at any angle with A 5, and set off on 
it 3 + 5 -f 2 equal parts. Join 10 and 5, and 
through 3 and 8 draw parall(4s to 105 to meet 
A 5. Then AD ; DE ; EB are as 3 : 5 ; 2. 

100. To Find a Fottrth Proportional 
(Greater or Less) to Three Given Lines A, 
By AND C. Draw DC and, at any angle with it, 
DH. Set off DE equal to A , and DF equal to B. 
Join E and F. Sot off EO equal to C. Through 
G draw OH parallel to EF cutting DJI in //, 
then FU is tho fourth proportional greater — i.e.y 
DE : DF : : EO : FH, When the fourth pro- 
porj-ional less is required, use tho same method, 
l)ut commence with the longest line. 

101. To Find a Third Proportional 
(Greater or Less) to Two Given Lines A 
AND 5. This is the samc^ as finding the fourth 
proportional to three given linos, the last two 
of which arc equal {e.g.^ A : B : : B : required 
line). Proceed as in 100.* but remember 5 is 
used twice (in 101, CF and CD each equal 5). 
CE is the required third proportional greater. 
For the third proportional kssy commence with 
5 and use A twice. 

102. To Find a Mean Proportional to two 
Given Lines A and 5. On a straight line make 
CD equal to A , and DE equal to 5. Bisect the 
whole line CE in F and describe a semicircle 
with F as centre and FC or FE as radius. At 
D draw DC pertxmdicular to CE to meet the an? 
in O. Then DO is the moan proportional — i.e.y 
CD: DO : : DO : D5, or A ; DC ; ; DC ; 5. 

103. To Divide a Line A 5 into an Extreme 
AND Mean Ratio— z.c., so that one part shall 
be a mean proportional between the wfaq^e lino 
and the other part. Draw AC perpendicular to 
AB and equal to half of it (AF or FB). Join 
5 and C . Make CD equal to CA. With centre 
B and radius BD cut off BE. Tlien A 5 is 
divided at E so that AE : EB : : EB : A5, or 
80 that the rectangle A5, A5, equals the square 
on EB (Euo. VI. 30 and 11. 11). 

Scales. It is often necessary to make draw- 
ings larger or smaller than the objects repre- 
sented, It would bo very inconvenient to draw 
the plan of a bufiding full size, as it would be too 


2536 




86<i03. LINES, ANGLES, AND PROrORTlONAT.S 


large for practical use ; but if 
it were drawn smaller, with the 
same ratio in all its parts, it 
would enable anyone to tell the 
relative size or proportion of 
all parts. To obtain these 
proportions correctly a scale is 
used. Thus, if for every foot 
on the building we use one 
inch on the drawing, the latter 
would be the size of the 
building, or we say the scale 
of the drawing is one inch to 
the foot. The is called ihe 
representative Jraction^ because 
it indicates the ratio each lin(^ 
of the drawing bears to the 
object represented. 

There are occasions when it 
is advisable to make the draw- 
ing larger than the object, such 
as the details of the small parts 
of a watch, clock, and small 
instruments. 

The simplest form of a scale 
is one of equal- ])arts, and is 
called a plain scale. AH scab’s 
must be constructed with very 
great care, and drawn with a 
veiy sharp pcrujil or fine pen to 
ensure absolute accuracy. By 
studying a few examples the 
student will soon understand 
their construction and use. 

Plain Scales. 104. To 

Draw a Scale J in. to 1 ft. 

TO Measure 6 Ft. and Show 
Feet and Inches. Draw two 
parallel lines about in. apart. 

Set off J in. six times, then 
each of tliese parts represents 
I ft. Divide the first part into 
12 equal divisions, each of 
which will represent 1 in. When 
figuring and naming the parts 
it is important that the zero 
should bo placed as sliown, so 
that dimensions may be 1 aken 
off readily with the dividers. Thus, to take 
off 3 ft. 8 in., place one leg of the dividers on 
point 3 ft. and the other on 8 in. The distance 
between the legs represents 3 ft. 8 in. The 
representative fraction is obtained thus : 

f in. _ _i in. _ 

1ft. 12 in. 48 16 

105. To Construct a Scale of IJ in. to 

1 YD. to Measure 3 yds. and Show Yards and 
Feet. Draw two parallel lines as before. Set 
off IJ in. three times, and divide the first part 
into three equal divisions, which represent feet. 
Representative fraction : 

Hio* ^ 3 _ 1 

l yd: ^ 36 in. 72 ~ 24 

105. Draw a Scale of 2^ in. to 1 mile to 
Show Miles ahd Furlongs, and to Measure 

2 Mdubs. Draw two lines as before. Set off* 
lx 


2J in. twice to represent miles, and divide tlie 
first part into eight equal divisions, which 
represent furlongs. 

Diagonal Scales. These are used when 
the divisions become very minute. From 107 
it will be seen that the construction is based upon 
the principle of similar triangles. Lot the 
rectangle ABCD [107] be divided into four 
equal parts by parallels to A By and the diagonal 
BD be drawn, then a number of similar triangles 
will be form^. Thus the triangles OBJ) and 
JBF are similar ; therefore if BJ is half of BCy 
then JF is half of CD. In the same waj KE 
is one-quarter of (W, As CD may be as small 
as we like, it can bo easily realised how valuabk’ 
this principle is. From a plain scale we obtain 
two dimensions, such as miles and furlongs, or 
yards and feet, but from a diagonal scale wo 
may obtain three dimensions,* such as yards, 
feet, and inches. 


2637 




GROUP 8-MAWINQ AND'^DRSIQN 

108. Dbaw a Diagonal Scale Showing 
Inches, Tenths, and Hundredths of an Inch, 
AND TO Measure 4 in. Draw a line and mark 
off on it four separate inches. Divide the first 
inch into 10 equal parts for tenths of an inch, 
then on a perpendicular erected at 10 set off 10 
equal parts to any convenient unit, and through 
each draw parallels to the first line. Erect 
perpendiculars at 0, 1, 2, and 3 ; join 9 and B, 
and through each division for tenths of an inch 
draw the other diagonal lines parallel to 9H as 
shown. The distance CD is EF is yito ®f 
an inch, . and GH is 21^^^ in. or 2*27 in. 

109. Draw a Scale op ^ to Show Yards, 
Feet, and Inches, and to Measure 6 yds. 
This means J in. to a yani, for of 1 yd. 


Draw a line, and mark on it J in. six times, to 
represent yards. Divide -the first division into 
three equal parts for feet. On a perpendicular 
erected at 3 feet set off 12 equal parts of any 
convenient unit, and through each part draw 
parallels as before. Erect perpendiculars at 
0, 1, 2, 3, 4, and 5 yards. Join 2 ft. and 12 in., 
and draw other diagonals parallel to it. Figure 
aiul name divisions on scale as shown. AB 
represents 3 yd. 1 ft. 8 in. 

Scale of Chords. This is used for 
measuring angles, and is marked on a ruler or 
protractor by the letters CH or CHO. The 
best way to know how to use this scale is to 
learn its construction. 

110. Make a quadrant ABC. Divide the arc 
AG into nine equal parts of 10^ each. The 
divisions 10, 20, 30, c^to., on AD are found by 
taking A as centre with nulius ^410, ^20, .430, 
etc., on arc AC. and marking them from A along 
AD as shown by concentric arcs. The distance 
from A to each division on AD is the chord of 
the angle containing that number of degrees. 
The divisions become smaller as they approach 
90^^. The distance 0 to 60 is ahmys the radius 
of the arc to be used in making any angle. 

Thus, to make an angle of 30°, draw any 
straight line AB as in 110a. With either end, 
as 4, as centre, and radius .460 in 110, describe 
an arc CD. With C as centre and .430 in 110 
as radius cut CD in D. Join AD, then DAC 
is an angle of 30°. 

111. The Sector. This instrument is formed 
of two flat legs hinge<l at O. Lines OL are drawn 
radiating from 0, one on each leg, and are called 
the line oj lines, by the use of which problems in 
proportion can bo readily solved. There is also 
the line oJ polygons, marked POL. Can^ must 
bo taken to mciisure always from points on the 
lines (thick in illustration) drawn from the 
centre 0. The following five problems show 
scimo of its uses. 

To Bisect a Line. Open the sector until the 
transverse distance from, say, 8 to 8 on OL 
equals the given line. Thqn the distance from 
4 to 4 is half the lino. 

To Divide a Straight Line into Five 
Equal Parts. \)peii tho sector until the trans< 
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verse distance from 5 to 5 on OL equals the 
straight line, then tho distance from 1 to 1 will 
be I of tho given line. 

Find x in the Proportion 2 : o; ; : 5 : 2^. 
With the dividers measure 2J' in. Open tho 
legs of the sector until the distance between 
.5 on OL of one leg and 5 on OL of the other is 
2J in. Then tho transverse distance botwoen 
2 and 2 on OL is tho required distance x. 

112. To Inscribe a Regular Heptagon in 
A Circle. Open the sector until the distance 
from 6 to 6 on POL equals the radius CD of the 
circle. Then the transverse distance from 
7 to 7 on POL is the side of the heptagon. 

113. To Construct a Regular Pentagon 
ON A Given Line AB. Open tho sector until the 
transverse distance from .*5 to 5 on TOL equals 
AB. With A and B as centres, and the trans- 
verse distance from 6 to 6 as radius, make arcs 
int.ersecting at C. AVith centre G and same 
radius dc^scribe a circle. Set off .4B round it. 

Use of Scales. 114. To Construct an 
Irregular Polygon from a Rough Diagram, 
THE Dimensions on a Diagonal AE, and 
THE Ordinates hB, cC, lU), et(\, being Given. 
AE - 9 ch., Ah 1 eh. 30 1., Ab 2 ch., Ag - 
4 ch., 40 1., Ac = 6 ch. 301., AJ -6 ch. 80 1., Ad 
= 7 ch. 15 1. The ordinates hH — 2 ch. 60 1., gG 
= 1 ch. 25 l,JF 2 ch. 20 1., dD = 1 ch. 601., 
cC = 1 ch. 101., and bB = 2 ch. 80 1. Scale, 
i in. to 1 ch. 

First construct the scale as shown. Tho 
diagonal scale is for obtaining measurements of 
6, 10, or 15 1. Draw AE, 9 ch. long, according 
to scale, then set off Ah, Ah, Ag, etc., on it. 
At tho points h, b, g, c, etc., ^ect the ordinates, 
according to scale, .loin A, n, C, D, E, F, 0, 
and//. 

116. To Enlarge or Reducjk a Drawing 
BY A Proportional Sqai.e. Say, to enlarge the 
given drawing of a gat(‘, so that AB shall be 
2 1 in. First construct the proportional scale 
by drawing the two lines AB and Ab at any 
angle with each other, making AB — AB and 
Ab — 2J in. Mark the several distances on 
small drawing on A B. Join B and b, and through 
H, D, E, F, C, and Q draw parallels to lib 
as shown. Then the respective measurements 
along Ab are the required ones for the various 
parts for larger drawing. 

116. To Enlarge A Map. Make a proportional 
scale as before, and as shown in 116. Set out 
tho squares for the larger map according to 
enlarged scale, and then draw the map so that 
all parts come in corresponding positions in 
tho larger squares to those of smaller Bqtflires. 

Triangles. 117. To Construct an Equi- 
lateral Triangle on a Given Straight Line 
AB. With centres A and B and AB as radius, 
describe arcs intersecting at C. Join AG and 
BC. Then ABC is the triangle required. 
(Euc. 1.1.) 

118. To Construct a Triangle with Sides 
2*6 IN., 1*8 IN., AND 3 IN. First draw one side,' 
say, AB — 3 in. as base ; with A as centre and 
a radius of 2*5 in. describe an arc, and with B 
as centre and 1*8 in. as radius, describe another 
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arc cutting the other in C. Join AG and BG, 
which complete the triangle required. 

119. To Construct an Isosceles Triangle* 
The Base AB an© the Altitude GD being 
Given. Bisect AB in i?, and at E erect a i)er- 
pendicular EF, equal to GD. Join FA and FB. 
Then AFB is the triangle required. 

120. To Construct an Isosceles Triangle 
having Given the Vertical Angle CDE and 
THE Base AB. With D as centre and any 
convenient radius cut • off DG equal to I)E. 
Join GE. At A and B make angles each equal to 
EGD or CED. Then AFB is the triangle required. 

121. To Construct an Isosceles Triangle, 
THE Vertical Angle G and the Altitude AB 
BEING Given. Draw DE perpendicular to AB. 
Bisect the angle C. At B construct an angle. 


on each side of AB each equal to half the angle 
G. DEB is the required triangle. 

122. To Construct a Triangle, the Base 
AB AND the Ratio 2:4:3 op the Angles 
being Given. Produce AB any length. With 
A or if as centre, describe a semicircle and 
divide it into nine equal parts (2 4- 4 + 3). 
Draw AG through 2. Join A4. Through B 
draw BG parallel to -44, meeting AG in O. 
ABC is the triangle required. 

123. To Construct a Right-angled Triangle, 
the Base QH and Hypotenuse GD being 
Given. Take a line AF equal to GD as diameter, 
and bisect it in E. With E as centre, describe 
a semicircle FBA. With A as centre and GH 
as radius, cut the semicircle in B. Join BF and 
AB. Then ABF is the triangle required, and 

it has the right angle at B. 
(E 1C. ITT. 31.) 

124. To Construct a Right- 
angled Triangle, the Hyp6- 

TENUSE AB AND AN AcUTE 
Angle G being Given. Bisect 
AB ‘m D. With D as centre 
describe a semicircle on AB. 
At A construct an angle BAE 
equal to C. Join BE. ABE 
is the triangle required.* (Euc. 
.31.) 

125. On a Given Base, AB. 
TO Construct a Triangle 
similar to a Given Triangle, 
GDK. Make the angles at A 
and B respectively equal to 
those at G and D. Then A BF 
is the triangle required. 

126. To Construct a Tri- 
angle, THE Altitude GD and 
THE Bare Angles A and B 
being Given. Through 0 and 
D draw lines EF and GH per- 
pendicular to CD. At G make 
the angle EGG equal to A and 
FCH equal to B. GGIl is the 
triangle required. 

127. To Construct a Tri- 
angle, the Bask AB 1*75 in. 
Long, the Vertical Angle 
G 30^", AND THE Altitude 
1*5 IN. being Given. Bisect 
AB in D, and erect a perpen- 
dicular at D. At either end 
of AB make an angle H)f 60^^ 
(00° — angle G, 30°), intersecting 
the perpendicular at E. With 
centro E and radius EA draw 
the arc ABFG. Draw FQ 
parallel to AB and 1*5 in. from 
it. Join FA and FB. ABF is 
the triangle required. ' The 
angle at the centre is alwa 3 r 8 * 
twice the angle at the circum- 
ference; thus, the angle AEB 
is twice the angle AFB. (Euc. 
II. 20.) 
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128, To OONSTBUtTT A TrI- 
ANOliE WHOSE PERIMETER 
SHALL BE EQUAL TO A GlVEN 

Line AB , and the Sides in 
THE Proportion 2:3:4. 

Divide AB- jn the proportion 
2:3:4 as shown. With /) 
and C as centres, and DA and 
CB as radii respectively, de- 
scsihe arcs intersecting at B. 

Join DB and CJS. Then BDC 
is triangle required. 

129. To Construct a Tri- 
angle, the Base AB, the Sum 
CD OF the OTHER TwO SiDES, 

AND One of the Base Angles 
B being Given. At B make 
an angle ABF equal to B. 

Make BF equal to OD. Join 
FA and bisect it by the per- 
pendicular GB cutting FB in 
ff. ABH is the triangle 
required. 

Quadrilaterals. 130. To 

Construct a Square, the 
Side AB being Given. At 
A and B erect the perpen- 
diculars AD and BC rcspec- 
tively» each equal to AB. 

Join CD. 

131. To Construct a 
Square, the Diagonal AB 
BEING GiviSn. Bisect AB by 
the perpendicular CD. With 
centre E and radius BA, de- 
scribe a circle cutting CD in 
C and D. Draw AD, DB, BC, 
and CA. 

132. To Construct an Ob- 
i^ONG OR Rectangle, the Two 
Sides AB AND CDbeing Given. 

At A and B erect the perpen- 
diculars AF and BE respec- 
tively, each equal to CD. 

Join EF. 

133. To Construct an Ob- 
long, THE Diagonal AB and 
One Side 4JD being Given. 

Bisect AB in B. With centre 
E and radius BA describe a circle. With centres 
A and B and radius CD cut the circle in Q and 
H on opposite sides of AB. Join AG, GB, BJJ, 
and HA. 

134. To Construct a Rhombus, the Side 
AB AND One of the Angles C being Given. 
At A make an angle equal to C, and mako AE 
equal to AB. With centres B and E and radius 
AB describe arcs intersecting at D. Join BD 
and ED. 

186. To Construct a Rhombus, the Diagonal 
AB AND One Side CD being Given. With 
centres A and B and radius CD describe arcs 
intersecting at B and F. Join AE, EB, BF, 
and FA. 

138. To Construct a Rhomboid, the Two 
Sides AjB, CD, and an Angle E being Given. 
Draw FQ equal to CD. At F make an angle 


equal to E, Mako FJ equal to AB. Through 
J draw JH parallel to FG, and through G 
draw Gli parallel to FJ, cutting JTl in 11. 

137. To Construct a Rhomboid, the Dia- 
gonal EF AND the Two Sides AB and ('D 
being Given. With centres E and F and 
radius AB describe arcs on ojipoaite sides of 
EF. With the same centres and radius CP, 
describe arcs on opposite sides of EF inter- 
secting the first arcs in G and 11 rcspecfivcly. 
Join EG, GF, FH, and HE. 

188. To Construct a Trapezium, the 
Diagonal AB and Two Pairs of Equal 
Sides CF and EF being Given. With centre 
A and radius CD describe an arc. With centre 
B and radius EF describe another arc inter- 
secting the first in G and H. Join AG, GB, 
BH, and HA. WILLIAM R. COPE 
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GROUP 4— PHYSIOLOGY & HEALTH * THE BODY & ITS MAINTENANCE— CHAPTER 20 

The Four Elements Required in Food. The Amount of Food a Nan Needs, and the 
Energy Produced from It. Chittenden's Experiments. Tablet Food. Mastication. 

FOOD AND HEALTH 


I N the previous, chapter we pointed out that the 
foundation of health, conceived as energy, is 
the energy of the sun contained in the foods of 
which our tissues are built. In order, then, to 
have anything like an adequate understanding 
of the principles and laws of health, w’e must 
begin by considering the nature of our food. 
The question of food, however, is treated also 
in the physiological section of this book. Here, 
therefore, we need look at the matter only 
briefly and broadly. 

Living matter, whether the living matter of 
an elephant or a flea, a lobster or a lily, is 
composed of at least four elements — carbon, 
hydrogen, oxygen, nitrogen — and if we are to 
keep our bodies going and in repair we must 
use these clornents for building and energising 
f)urposes. It is no use, however, to crunch coal 
in order to get carbon, or to crunch saltpetre 
in order to get nitrogen. The elements are 
utilisablc for working and building purposes only 
if consumed in certain shapes we know as food. 
Those foods always consist cither of the living 
< issuers of plants or animals, or of starch, sugar, 
and fatty matter that is in process of being 
transformed into the living tissues of plants or 
animals, and they are used to build up the body 
and to store up at the same time the potential 
energy of the food. 

The Two Great Groups of Foods. 

Chemically speaking, the substances we find in 
foods arc divided into two great groups — those 
which contain carbon, hydrogen, oxygen, nitro- 
gen ; ■ and those which contain only carbon, 
hydrogen, and oxygen. The first class arc 
known as proteins, or nitrogenous substances, and 
include lean of meat and white of egg. The 
second class are known as non-nitrogenous 
substances, and this class again is divided into 
two sub-classes — carbohydrfites, in which the 
hydrogen and oxygen are present in the same 
roportiona as in water ; and fats, where the 
ydrogen and oxygen are not in such proportions. 
Among pure carbohydrate foods we find arrow- 
root, bananas, sago. Among fats are the fat 
globules of cream and the fat of animal flesh. 

These, then, are the kinds of chemical sub- 
stances which we use as food ; and it is plain that 
since only the first class contains nitrogen, only 
the first class suffices in itself to build up tissue 
into complete living form. Carbohydrates and 
fat« can supply only the carbon, hydrogen, and 
oxygon required. The nitrogen must be supplied 
by substances of the first class. It is possible, 
therefore, to live exclusively on proteins, but, 
theoretically, not on fats and carbohydrates alone. 

Most foods contain two or more of the classes 
of chemical constituents wt have named. Thus 
bread contains both starch and protein matter. 


eggs contain both fat and protein matter, meat 
contains both fat and protein matter, grapes 
contain both sugar and protein matter. 

How Much Energy Foods Provide. 
Proteins, fats, and carbohydrates are all com- 
bustible, and, as "we have explained in the 
previous chapter, the heat formed on their com- 
bustion is a measure of the energy they can give 
to the body in mechanical and thermal shape. 
We have simply to burn meat and fat and starch 
in order to discover how much energy they 
contain. Thus estimated, the energy value of 
the three classes of food constituents is as 
follows : 1 gram of protein == 4*1 calories — i.e., 
on combustion it produces enough heat to raise 
I kilogram of water 4'V Centigrade; 1 gram of 
carboliydrate = 4- 1 calories — i.e., on combustion 
it produces enough heat to raise 1 kilogram 
of watt3r 4*1” Centigrade; 1 gram of fat- 9*3 
calorie.^ — i.e., on combustion it produces enough 
heat to raise 1 kilogram of water 9*3” Centigrade. 

Wo could boil more than twice as much water 
with one ])Ound of butter as with one j^ound of 
starch or sugar. The energy value of butter is 
therefore twice the energy value of protoid. 

How Much Food does a Man Require? 
Now let us consider the question of how much 
food a man requires to eat in order to maintain 
the integrity of his tissucjs and produce the 
maximum of useful work. 

In the first place, how much protein does he 
need ? What does ox|)erience say in the matter ? 
How much protein food does the average man 
require to consume in order to keep up his 
weight, his warmth, and his work ? The average 
man himself can give us little information, since 
the average man eats not in order just to keep 
up his weight and maintain his heat energy. 
Ho eats as much for pletxsure as for profit, and 
the amount of protein he eats depends more on 
the size of his banking account and on the 
availability of meat than upon the requirements 
of his brain and body as a working machine. 

Experiments were made, however, and the 
ex])erimenters came to the conclusion that a 
man doing an average amount of muscular w’ork 
excretes about twenty grams of nitrogen daily, 
and excretes more than he takes in unless he 
consume at least twenty grains of nil^rogen 
daily in the form of protein food. It was appa- 
rently proved that nitrogenous equilibrium was 
maintained only when the income of nitrogen 
was at this figure or above it. 

The Experiments of Chittenden. 
Twenty grams of nitrogen represent about 125 
grams — one pound and a quarter — of lean meat, or 
about twenty eggs a day, and for long this was . 
thought to be an irreducible minimum. But a 
few years ago an American scientist. Professor 
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R. H. Chittenden, made new expt,riiaenta and 
proved that the tissues can bo built up and 
energy maintained, at any rate for some little 
time, on a diet containing only about 56 grams 
of protein, and this amount may be accepted 
as an amount of protein sufigcient to meet the 
requirements of the body, for since then other 
experimenters have succeeded in maintaining 
nitrogenous equilibrium upon diets containing 
only 25 to 35 grams of protein. 

How Many Calories of Energy Men 
Produce* Any diet, then, containing 56 to 
60 grams of protein will provide all the nitrogen 
the body requires, but it will not suffice to 
provide all the heat and the energy that the 
body generates. Fifty-six grams of protein have 
a fuel value of about 230 calories ; that is to say, 
on combustion they would give forth sufficient 
heat to raise 230 kilograms of water V Centi- 
grade. But the body of a fasting man at rest 
produces daily as work and heat about 2000 
calories of energy ; that is to say, enough 
energy, if all were in the form of heat, to raise 
2000 kilograms of water V Centigrade. And 
the body of a man doing moderate work produces 
daily as work and heat about 3000 calories of 
energy — enough energy, if all in the form of heat, 
to raise 3000 kilograms of water V Centigrade. 
And the body of a man doing hard work may 
generate in one day 9000 calories of energy — 
enough energy, if all in the form of heat, to raise 
9(X)0 kilograms of water V Centigrade. 

Put more picturesquely, 56 grams of protein 
have enough fuel value to raise about a pint of 
water to boiling-point. But a man’s body, even 
at rest, generates enough heat and energy daily 
to raise about 9 or 1 0 pints of water to boiling- 
point, and a man’s body at work genorah^s 
enough heat and energy daily to raise 15 or 
oven 45 pints of water to boiling-point. 

A man requires, therefore, for the exercise of 
ordinary energies, daily food of the fuel value 
of 3000 calories, and for the exercise of extra- 
ordinary energies much more, though Chittenden 
maintains that on a suitable diet even hard 
muscular work can be performed on a diet of 
the fuel value of 3000 calorics. In what form, 
then, is a man to take in his fuel ? Wo can boil 
a kettle, and wo can also work and heat a man, 
by burning eggs, or sugar, or oil, or other foo<ls. 
The white of an egg, a small lump of sugar, 
and a thimbleful .of olive oil will all produce 
the same amount of heat when burnt, and will 
therefore be of more or less equal value as sources 
of bodily heat and enei^. In what proportion 
should we mix proteins, fats, and carbohydrates 
to get the best result from our fuel ? 

Protein wo must have to the extent of about 
60 grams a day, and it might seem best to 
take aU our fuel in that form, but that would 
mean tbe consumption of about eighty eggs or 
five pounds of lean beef, and such a diet would 
be impossible of digestion. 

Pat is a very concentrated fuel. Weight for 
weight, it has twice the fuel value of proteins 
or carbohydrates, and, provided that we have 
60^ ffmam of pxoteitt in our diet, a few cupfuls 
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of oil a day would suffice in theory to keep our 
bodies at work. But fat is not readily burnt 
in the body; it is apt to upset the digestion, 
and it is also ^ apt to accumulate in the tissues. 

Carbohydrate.s, starches, and sugars have not 
so much fuel value, weight for weight, as fat, 
but they are somewhat more agreeable to take, 
and they arc certainly much more digestible. 
Like fat, however, they tend to produce fat in 
the tis8U('S. 

The Necessity for a Mixed Diet. 

The digestive apparatus of the body, which 
has special ferments for the digestion of both 
proteins and fats and carbohydrates, would seem 
to indicate tliat all three food substances should 
be combined in a natural dietary, and practi- 
cally all authoritii^s are agreed that all three 
should be represented. 

In his book on Food and Dietetics ” Dr. 
Hutchinson gives the following tables of dietary 
proportions recommended by various authorities. 


Authority 

ruoTiux 

PAT 

OARDO- 

HYDRATES 

CALORIES 

Munk .. .. 

105 

56 

500 

8022 

\V()I1! . . . . 

125 

85 

640 

8080 

Voit . . . . 

ns 

56 

600 

8055 

Hiibncr . . 

127 

62 

609 

8092 

riiiyfnlr . . 

119 

61 

531 

81 10 

Molrsihott 

120 

40 

550 

3160 

At.\vat<‘r . . 

125 

125 

450 

3520 

Average 

121 j 

59 

510 

3135 


The points most at issue at present arc how 
m\ich protein food should bo taken, and in what 
form should it bo taken. 

Is the Minimum of Protein the 
Best ? As wo have just mentioned, Chit- 
tenden proved tliat the body requires only 
about 00 grains of protein for its upkeep, but 
as a result of his experiments ho came to the 
conclusion that the minimum of protein was 
also the opliw/um^ and that men were stronger 
and mor(‘. energetic when the protein in their 
diet was reduced to this minimum required foi 
lissio building, and when all the extra fuel re- 
quired for encirgy is taken in the form of fat 
and carbohydrates. On such a diet ho cont(*nds 
a man can do hard muscular work on food 
of a fuel value of less than 300 calorics. Ho 
holds that tho protcias require to bo split up 
before they arc burnt, and that this process of 
sj)litting constitutes, in reality, a waste of 
energy. “ Increase in protein food,” ho says, 
” may help to make now tissue, but the source 
of tho energy of muscle work is to be found 
mainly in the breaking down of the n'on-nitro- 
genous materials, carbohydrate and fat.” 

Some of tho most interesting of Ohittendons* 
experiments were made with men of tho Hos- 
pital Corps of tho United States Army. They 
were given on tbe average 56 grams of protein 
a day, whereas they had been accustomed to 
three times that amount in their former food ; 
and the total fuel value of their food was kept 
at under 3000 calorics per day. Yet tho men 
increased in strength and in power of endurance, 
and they lost little weight. 
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The following table taken from Chittenden’s 
“ Nutrition of Man” shows some of his results. 


IIESULTS OP CHITTENDEN’S DIETARY 


Total Strength 

Total Strength | 

— 

October 

April 

— 

1 

1 

o 

AlTTll 

Rroylea 
(.'offman . . 
Cohn . . 

Fritr. . . . . 

ITenderxon . . 
Locwciithnl 

2r)«0 

2835 

2210 

2504 

2970 

2163 

5.5.30 

6269 

4002 

5178 

4.598 

5277 

Morris 
Oakinnn . . 
Sliney 

Steltr 

Zooinan . . 

2543 

3445 

324.5 

2838 

3070 

4869 

5055 

5307 

4581 

5457 


It will be seen that some of fhe men more 
than doubled in strength in six months’ time. 

Sixty grams of protein are contained in half 
a pound of lean meat, in nine hens’ eggs, in half 
a pound of American pale cheese, in one pound 
of uncooked macaroni, in one and a third pounds 
of white wheat bread, in half a })ound of dried 
peas, in ten pounds of bananas, in thirty-three 


pounds of apples. Half a pound of meat, half 
a pound of potatoes, half a pound of broad, 
half a pound of butter, will provide (iO grams 
of protein and enough fat and c'arbohydrate to 
make up 3000 calories of fuel energy. Or wo 
may take all the protein in the form of nine 
eggs, and add fat and carbohydrate fuel in the 
form of butterscotch. Or we may take the 
protein in the form of half a pound of plasmon, 
and add fuel in the form of bananas. 

The importance of Chittenden’s contentions, 
if they arc correct, is that they 2:)oint a way 
to increase the energy of a man and at the 
same time point a way to decrease the coat of 
his dinner. Protein is expensive ; the butcher’s 
bill is always a heavy item in the mess-bill; 
and if a man can live more healthily and effi- 
ciently on a half or a third of the protein to 
which he has been accustomed, so much the 
bettor for rich and poor. 

Protein and Extremes of Feeding. 
Unfortunately, it is doubtful whether Chit- 
tenden’s meagre diet with a low proportion of 
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protein is . really permanently conducive to 
energy. No doubt many people eat too much 
food, and especially too much protein, but 
there seems some reason to doubt whether 
energy can be permanently retained unimpaired 
on the small quantity of protein Chittenden 
advocates. It is true that the men under 
observation did increase in strength, but this 
may have been due to regular life and to im- 
proved digestion following the cutting of! of 
excess of food. It seems probable, indeed, that 
they went from one extreme to the othw — from 
overfeeding to underfeeding. Certainly they 
had a craving for a fuller diet, and all after- 
wards relapsed and went back to the fleshpots 
of Egypt. We must remember that protein is 
the most readily burnt of all the food materials, 
and that in amounts over and above the re- 
quirements of the tissues it goes to make heat, 
and many of the subjects of Chittenden’s 
experiments suffered intensely from cold. 


The Chemical Composition of Foods. 

So far we have considered the chemical con- 
stituents of food— proteins, carbohydrates, and 
fats. But foods themselves, as we have said, 
seldom consist of any one kind of chemical 
substance ; they usually consist of two or more 
of the chemical substances together. Eggs, for 
instance, contain protein and fat ; wheat con- 
tains protein, fat, and carbohydrate ; potatoes 
contain protein, starch, and a little fat. 

If, then, wc are to proportion duly the con- 
stituents of our diet, we must consioer the 
chemical composition of the articles wo eat. 
We hear people saying that bananas are very 
nutritious, but if we tried to live on bananas 
alone we should have to eat far too much carbo- 
hydrate in order to get enough protein. Again, 
if we tried to live on lean meat alone it would 
be necessary to eat about five pounds of 
meat a day. So far as possible, we ought’ 
to choose and combine foods so that their 
constituents may approximate the proportions 
given by scientific authorities in their model 
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Food Materials. 



Protein. 

CarlMV 

Kat. 

W’ater. 

Mineral 

Fuel 





bytlrates. 



Matter. 

Value. 




J*er cent. 

Per eent. 

Per cent. 

Per cent. 

Per cent. 

Per lb. 

Fresh hoof, loin, lean edible portion 



24 2 

0 

3-7 

70-8 

1-3 

615 

Cooked beef, roasted 



22-3 

0 

28-6 

48-2 

1-.3 

1020 

Broiled tender loin steak 



23 5 

0 

20-4 

54-8 

1-2 

1300 

Fresh leg of lamb, o<liblc portion 



19 2 

0 

Jflr> 

63- 0 

1-1 

10.55 

Roast leg of laml), edible portion 



19-4 

0 

12-7 

67- 1 

0-8 

900 

Roast leg of mutton, edible portion 



259 

0 

22-6 

.50 9 

1-2 

1420 

Smoked ham, fat edible portion 



14-8 

0 

.52-3 

270 

3-7 

2485 

Roast turkey, edible portion 



27*8 

0 

lS-4 

.52() 

1-2 

1205 

Fresh eod, dressed 



IM 

0 

0-2 

.58-5 

. 0-8 

215 

Rolled hens’ eggs 



13-2 

0 

120 

732 

0-8 

765 

Butter 



10 

0 

8.5-0 

11-0 

3-0 

3605 

Whole cows’ milk 



3-3 

50 

4-0 

870 

0-7 

325 

Oatmeal 



161 

675 

7-2 

7-3 

1-5 

1860 

Riec 



80 

700 

0-3 

12-3 

0-4 

16.30 

Wheat Hour, entire wheat 



13 8 

710 

1-0 

11-4 

1-0 

1675 

Roiled 1 ieo . . 



2-8 

2M 

0-1 

72. 5 

0-2 

525 

Rrown bread 



54 

471 

1-8 

43-6 

21 

10.50 

Custard pie 



4-2 

26- 1 

6-3 

624 

1-0 

830 

Crecn peas . . 



• 7'7 

16 0 

0-5 

746 

]0 

465 

Rolled potatoes 



2 5 

20 0 

0-1 

. .75-.5. 

10 

440 

Almonds, edible portion . . 



21 0 

17-3 

54-0 

4-8 

2-0 

.3030 

Peanuts, edible portion . , 



25*8 

24-4 

38-6 

0 2 

2-0 

2560 

Vine nuts, odiido portion 



33-9 

69 

49-4 

6-4 

3-4 

2845 

Brazil nuts, edii)le i)ortion 



170 

70 

66-8 

.5-3 

3 0 

.3265 
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diets— that is to say, our diet should contain 
about 120 grams of protein to 60 of fat and 510 
of carbohydrate. But there is no doubt tliat 
the human constitution is wonderfully adapt- 
able, and that diets may vary qualitatively 
within pretty wide limits without much detri- 
ment to the health, provid^ there is suflficient 
protein and a sufficiency of calories. Human 
instinct, too, is pretty sound. It has taught 
mankind to combine its foods in much the same 
way that science siij^gests. We. make up for a 
deftcicncy of carbohydrates in our meat by the 
addition of bread and potatoes ; we makt' up 
for a deficiency of fat in our bread by spreading 
it with butter. 

The interesting table given above was prepared 
by Chittenden from data derived from a bulletin 
of the United States Department of Agriculture. 

Digestibility of Foods, It is necessary 
to consider not only the chemical constituents 
of food, but also the relative digestibility of 
various foods. Judging merely by their con- 
stituents as shown in the above table, almonds 
and Brazil nuts ought to bo the most nutritious 
food one could possibly eat. A i)ound of {ilmonds 
contains enough protein for tissue building, and 
enough carbohydrate and fat for the su{)ply of 
energy, and has a fuel value of over 3000 
calories, whereas a pound of rice has a c«aIorie 
value of only 1630 calories. Yet rice is really 
the more nutritious of the two, for the nutritious 
material of almond is mixed with indigestible 
cellulose and is only very partially absorbed. 
Again, beans and peas and lentils contain a 
considerable amount of })rotein, and are often 
compared with moat, but we find that, gram 
for gram, animal jirotc'in is much more com- 
pletely absorbed than vegetable proteins, and 
there is also some reason to believe that then^ 
are proteins and proteins, and that vegetable 
protein is not of so much value for building 
purjjoscs as animal protein, Y(^t again, proteins 
are better absorbed when given with carbo- 
hydrates than when taken by themselves — 
another argument in favour of a mixed diet. 

Still another point has to be considered. We 
have to consider how much energy the body 
expends in the digesting of various articles of 
food. One has to consider not only how much 
energy the body obtains, but how iiuudi energy it 
expends to obtain it, and we can only find out 
the profit 6£ tho food to the organism by doing a 
little sum in subtraction. 

Pawlow’s Interesting Discovery. Pro- 
fessor Pawlow, who obtained a Nobel Prize for 
his work, showed that “ each separate kind of 
food corresponds to a definite hourly rate of 
secretion, and calls forth a chanicteristic altera- 
tion of the properties of the juice,” and that the 
protein of bread requires five times more pepsin 
(the digestive ferment of tho stomach) than tho 
protein of milk. He also showed that in the 
intestine a similar difference obtains, and that 
broad protein requires more pancreatic ferment 
than meat protein, and that meat protein re- 
quires more pancreatic ferment than milk pro- 
tein. Accor^ngly* the energy obtained from 


the protein of meat is much more cheaply 
obtained than the energy obtained from the 
protein of bread, and the energy obtained from 
tho protein of milk is obtfiined more cheaply 
still. The expense, then, must always be con- 
sidered in estimating the value of any food. 

A Certain BulK of Food Desirable. 
There is an idea prevalent that the smaller in 
bulk food is in proportion to the nutrition it 
contains, the less work it means for (he digc.stion, 
and patent foods in pilule or tablet form seem 
to many people to b(' the id(‘al form of nutriment. 
This, however, is a groat mistake. The digestive 
organs consist, among otln'r things, of a big 
muscular bag called the stomach, and of several 
feet of muscular tubing called the intestines, 
and they an' obviously meant to do muscular 
work. It is nothing less than an insult 
to offer such strong muscular organs a few 
pills and tablets to play with. They are 
not moved to churn or i)ropol thtmi. Further, 
secretion and muscular movement arc' in close 
nervous association : the movenumt of the 
chewing muscles, and no <loubt also the move- 
ment of the gastric and intc'stinal movements, 
promote gastric and intestinal secretions ; and 
if the digestive organs are not stimulated by a 
certain bulk of food tr> vigorous movement, then 
secretion is also deficient, and indigestion and 
eonstij)ation are very likely to result. Many of 
the cases of indigestion and constipation in small 
eatc'rs are du(‘ largely to the fa(;t that the small 
bulk of the food tak(‘n, and often its soft and 
absorbent character, fail to stimulate muscular 
movement and secretion. 

Mastication is Desirable and Neces- 
sary. Another mistaken idea is the idea that 
food is most easily digested if it bo fluid 
and sloppy. I'hat is not so. Digestion is 
initiated in the mouth by th(' act of mas- 
tication, and food is more likely to he well 
digested if it require mastication before it is 
swallowed. Mastication mixes the food with 
the digestive fcTment of the saliva, but it also 
stimulates the flow both of saliva and gastric 
juice. Further, taste stimulates th<' set;retion of 
digestive juices, and to masticate the food well 
is to taste it well, and, indeed, taste is probably 
given us to ensure thorough mastication. 
Xiasticatiori also reflexly stimulates the lieart 
and improves the circulation, and so indirectly 
aids digestion, and }>erhaps tho apparently 
foolish custom of chewing chewing-gum may be 
indulged in because of this ])leasurable physio- 
logical consequence. 

Some few years ago an American, by name 
Horace Fletcher, discovered that by well masti- 
cating his food he was able to reduce it to 
a remarkable extent without detriment to his 
health. Indeed, he found that if he c’licwed 
well enough he could live on three eggs, twelve 
ounces of potatoes, and about two pints of milk 
with cream a day, and could maintain his weight 
and energy on this meagre dietary' though playing 
six sets of tennis a day, or riding an hour and a 
half on horseback with an hour to an hour and a 
halfs walk or climb daily, in addition to much 
reading and writing. RONALD MAGPIE 
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Auctions and Markets Compared. The Sale Direct to Dealers and Butchers. 

Proportions of Albuminoids, Carbohydrates, Fats, and Minerals In Foods. 

SELLING AND FEEDING LIVE-STOCK 


SELLING LIVE-STOCK 

The sale of live-stock is much less easy and satis- 
* factory than the sale of corn. With samples in his 
pockets, the farmer may visit the local corn ex- 
change, or millers and corn merchants, but in the 
sale of his stock much more labour and judgment 
are involved. A samido of corn may and should 
realise its actual value, for its valuation is com- 
paratively simple, but both fat and store cattle, 
like milking cows, are almost invariably valued on 
a different basis by different individuals, and, 
although a price is ultimately arrived at, there is 
seldom the same satisfaction as a result of a com- 
pleted transaction. This is owing to various 
ca\ises, as, for example, the weight of the actual 
carccuio of a fat animal as butcher’s meat, its quality, 
which can seldom be determined with real accuracy 
while the animal is living, the value of the offal, 
and the actual market value. 

The Cattle Auction. Wc may assume that 
there are four methods of selling live-stock — by 
auction ; in the Oj)en market or fair ; direct to the 
dealer or the butcher on the farm ; and through 
the medium of advertisement. The auction is 
usually conducted on market day by an independent 
auctioneer, who runs the business for his own 
profit ; but in a small number of cases farmers have 
combined, and run an auction of their own with 
the co-operation of a paid auctioneer. This plan 
is generally a good one, and should bo extended. 
The auctioneer has nothing to gain by leaning to the 
dealer or encouraging rings of dealers and butchers, 
which he is sometimes obliged to do when working 
on his own account, in order to secure and retain 
their patronage, because without the attendance of 
dealers many auctions would quickly go to the wall. 
Unless an auction sale is well attcnawl, it is next to 
useless for farmers to Ren<l stock, even though they 
place reserve prices upon them. 

The buyers at the auction are chiefly dealers, 
butchers, and farmers. The butchers buy for 
slaughter, the dealers for re-sale to their customers — 
farmers and butchers alike — or sometimes for the 
purpose of taking their jmrchascs to other markets 
where they anticipate realising higher prices. This 
plan, however, is a matter of speculation, and is 
pistificd only by the intelligence and expertness of 
the dealer. The stock sent to the auction mart 
chiefly consist of horses, fat cattle, calves, sheep, 
and pigs, store cattle and store sheep; and hero 
farmers are frequently able to buy breeding stock, 
or stock for summer grazing or winter feeding, at 
]mcc8 and under conditions which before the 
establishment of auctions were non-existent. 

. Open Markets and Fairs. Stock is sold 
in the open market in almost all market towns, 
and at the occasional fairs which arc held in different 
parts of the country. Tt is therefore important to 
a former to be sufficiently near several market towns 
that he may be able to ovoid driving his stock long 
distances — a practice which involves expense on 
the one hand and loss of condition on tne other. 
Fat pigs are usually drawn to market — a plan v hich 


should be followed as far as possible with fat sheep 
and calves; but, as a rule, cattle and sheep, whether 
in store or fat condition, are driven sometimes long 
distances, with the result that they may arrive 
empty, perspiring freely, with dusty, ragged coats 
or flticces, and altogether unpresentable. In such 
cases considerable losses may result from a faulty 
or careless system of management. 

To rc^aliso their full value, stock sent either to 
market or auction should be presented in clean and 
good condition. Abundant time should bo allowed 
for the journey, and, if the animals are allowed to 
graze and drinic on the roadside quietly and leis-iroly, 
8(1 much the better for the result. An animal 
should enter the sale ring — and the remark applies 
ccpially to the open market jicn — sleek, quiet, con- 
tented, and well filled. It is difficult enough to 
obtain the value of stock under such conditions, but 
it is impossible to do so when condition has been lost, 
even though the loss be temporary.. Fat stock is 
frequently sent to the great London and other 
markets by farmers, who place them in the hands 
of salesmen, but a salesman acting, as it were, as 
agent is not always to b(’! relitMl upon. Where a 
consignment is important, the farmer should 
attend the market and see precisely what happens. 

Sale of Slaughtered Stock. In some 
cases fat stock arc slaughtered on the farm — 
this frequently happens to swine — and consigned 
to salesmen in the meat market, who, upon appli- 
cation, send ba.sket8 for the purpose of packing. 
On application, too, quotations may bo obtained 
as to price, but the farmer will be wise to ignore 
figures, which the salesman would be himself the 
first to ignore if it ])leased him. On receipt of the 
account, tho price remitted -may bo less than the 
quotation, an explanation being* given to the effect 
that the market was bad, or that prices had fallen. 
Again, however carefully carcases have been 
weighed — and weighing should never take place 
until they have cooled — it may be found that the 
weights as shown by the butcher on his account 
and those taken on the farm are entirely different, 
and always in favour of the butcher. For these, 
among other reasons, it is difficult to recommend 
the practice of consigning carcases to tho wholesale 
market. In all cases, however, it should lie em- 
phatically understood that price depends very 
largely upon quality and condition. 

Where cows are sent into tho market they should 
be of tho type demanded by tho buyers of* the dis- 
trict. l>arge, big-framed cattle are preferred, of good 
quality — a great point with many buyers — young, 
vigorous, healthy, in thoroughly good condition, 
with large, well-filled udders, showing evidence of 
milk-producing power, and of such quality of flesh 
as would be likely to make good butcher’s meat 
when the time arrives for fattening. 

Selling Direct to the Butcher. Where 
a farmer is able to arrange with a dealer or a 
butcher, he will find this one of the simplest and 
best methods of disposing of his stock. A neigh- 
bouring butcher, who can dejMsnd upon being 
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suppliod with a good article, is often willing to pay 
a bettor price than other people, and ho is worth 
considering and accommodating if he is willing to 
buy with regularity. There aro, too, many dealers 
who drive from farm to farm, and who will call and 
make regular purchases if they are liberally treattnl. 
It is at all times worth considering whether attention 
may not bo advantageously given to such men, and 
frequent expeditions of master and stock to market 
altogether avoided. 

In selling to a butcher, the stock should be sold 
by weight, and the weighing of the earcasc's con- 
ducted in the presence of the owner, a price |jer 
stone having been agreed upon. If, however, the 
butcher prefers to buy at a fixed price ]^cr animal, 
the farmer should learn to judge value by w(ught, 
and in this case a weighbridge becomes essential. 
Having ascertained the live weight, it becomes 
necessary to estimate the carcase or dead weight, 
in accomanco with the condition of the animal, 
whether half fat or fat. Some farmers are exec*llent 
judges of weight ; others, with confiilcncc in them- 
selves, ar(5 bad judges, and frequently lose in con- 
Hcquenco of pitting themselves against the much 
more experienced butcher or dealer. 

Pedigree Stock* Where the farmer breeds 
pedigree stock, or Rt<jck of a specially good typo 
intended for reproductive purposes, he may find 
many customers who will pay him more than 
market price for what ho has to sell through the 
medium of advertisement. Advertisements should 
be frequent and (»xf>licit, but it is next to useless to 
adopt this method of selling unless the stock oflercMl 
is good, and can be shown in lino condition. In- 
tending buyers may be expectcnl to pay visits of 
in8|)eciion, and practically the only incentive to 
complete a purchase is given when they s(‘e befon'. 
them something which is really attractive, as well 
as supported with a good pedigree. A really good 
animal, when young and in fine order, will sell 
itself. It is folly to keep animals int(‘ndcd for .sale 
when they are at their best. 

PRINCIPLES OF FEEDING 

Farm animals and their produce arc, to a large 
extent, what they are made by man’s ingenuity in 
the proce.ss of selection and feeding. Down the 
ages through which agrieulturo has been practised, 
ex|)erience has done much to economise production, 
but it is probable that more has been accomplished 
during the past century in the one casc’i, and in the 
past sixty years in th(5 other, than during all time. 

It formerly occupied a large portion of the life 
of a farmer to acquire by ex{x?ricnce sufficient 
knowledge for his purpo.se in the matter of feeding, 
whereas today, owing to the results of scientific 
investigation, it is possible to Tna.ster the principle.s 
of feeding in a few months, and thus to start with 
a definite purpose on practically secure grounds. 

A growing plant collects from soil and atmosphere 
materials which it transforms into various com- 
pounds, • and which; when • consumed by animals, 
are converted into meat, milk, wtxil, and hair, 
among material products, and energy, to which 
reference will presently be made. What, then, 
are the materials upon which plants draw or feed 
for these purposes ? 

Materials on which Plants Feed. 

Among the chief are carbon (appropriated in the 
form of carbon dioxide, or carbonic acid), calcium 
(which combined with oxygen forms lime), 
potassium, sulphur, phosphorus, sodium, mag- 
nesium, and iron.’ Carbon, which forms the 
laigest proportion among the oonstituents of 
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plants, has been estimated to bo present in tho 
atmosphere in its combined form to tho extent 
of 7i tons over every aero of land, while nitrogen, 
which forms so large a proportion of the atmos- 
phere, and which is tho most expensive of tho 
fertilising elemenl.s, is directly appropriated by 
]>lants of the k'giiminous order, such as beans, 
jicas, and clover ; the property they thus possess 
practically doubles their value to tho farmer. 

The growth of crops involves on all old soils, 
such as those of the British Isles, tho application 
of manure. The ]>rincipal reason for thi.s is that 
three of tho con.stituents e.ssential to plant life 
and growth are, so far as their availability is 
concerned, rcnu>ved from tlu^ soil so rapidly and 
so eficcdually — this fact applies in many cases 
to lime as well — that, unh*ss they Ire returned 
in the form of dung or chemical fertilisers, tho 
soil becomes exhausted ami refuses to grow a 
profitable crf>}). Thesq mab'rials are nitrogen, 
phosi)horic acid, and potash. 

Food for Cattle. Animals arc fed upon 
a great variety of foods. They include the tlry 
fodders —hay ami straw — tho cereals, tho xuilses, 
roots, gra.sses, and other green crops, and the eake.s, 
chiefly the residue of linseed, cotton-seed, })alm- 
mit, coconut, rape, sesame, soya bean, and othcTs 
from which the oil has been largely extracted. It 
is largidy owing to the employment of cakes, 
pulses, and cereals that high feeding is })o.s.sible, 
and that the early maturing of stock for the butcher 
has been so suc(;e.ssful in prac tice. 

Maintenance Rations. Food may ho 
supplied to tho animal for tho purpose of main- 
tenance alnn(‘, or for maintenance plus increase 
ill weight, involving tho ])ro(hiction of meat or 
milk. In eithi'r case it is well to understand tlu^ 
nature of a inaintenanoo ration. Maintenance 
pmctically means provision for the mnintonaiifM? 
of the natural heat of tho body — th(^ expenditure 
of force and energy and the r(‘])air of musch^ and 
other tissue. When we a<ld to the mainteminee 
ration additional food, we iirovido for the growth 
of the ffetus in thci pregnant animal, for the growth 
of the young, for tho ])roduction of meat, ami 
for the manufacture of by-products, such, for 
instam i*, as milk and w<k>1. 

Owing in part to tho difference in tho structure 
of tho variou.s animals on th(5 farm, different 
food.s or combinations of food are .sup])lied to 
stock in ai'cordanco with their special require- 
ments. Thus tho horse is fed to enable him to 
draw heavy weights or to travel at high sj}ce<l, 
while tho dairy cow is fed for tho production of 
milk. Anti thus it is that knowledge of the coni- 
positiou of foods, th(}ir market and manurial 
value, arc so essential to both breeder and feeder. 
The food of an animal, unlike that of a plant, 
which is built up by tho aid of certain eonstitii<*nts 
of the atmosphere, a very small proportion of the 
. mineral matU'.r of tho soil, and water, mu.st he 
practically ready-made, and composed of such 
substances, and in such ])roportion.s, as will maiiibrin 
the normal tomiieraturo of its bo<ly, provide for 
tho waste of tissue and the expenditure of eruugy. 

Tho materials pivscnt in foo<l which moot those 
requirements are known as protein, carbohydrates, 
and fat, and scienro has determined what quantities 
of each aro necessary in tho provi.sion of rations 
for horses, cattle, sheep, and pigs of given weights. 
The proportionate supply as between the digest- 
ible protein and tho digestiblo carbohydraU58 — ^for 
neither are completely digested — and fats is known 
as the albuminoid raixo, 
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Protein. Protein is the only food con- 
stituent which contains nitrogen ; hence it is 
sometimes described as nitrogenous matter. It 
includes the albuminoids, the specially nutritious 
nitrogenous constituent of stock foods, and the 
amides. The albuminoids undoubtedly provide 
for the manufacture of all tissues save fat, and they 
probably contribute to the formation of this 
also, owing to their richness in carbon (55 per 
cent.). The albuminoids also assist in the provision 
of hejtt and energy. They include the gluten of 
grain, the legumin of jieas, beans, and other plants 
of the leguminous order, the casein of milk, and 
the albumin of the egg. The elements of which the 
albuminoids are composed are carbon, oxygen, 
hydrogen, nitrogen, sulphur, and sometimes phos- 
phorus. The nitrogen compounds known as amides 
also undergo combustion, and produce heat and 
energy in the animal body, but there is reason 
to believe that they e^rt no influence in the 
formation of flesh. 

Foods rich in albuminoids, like foods rich in 
oil, are costly ; hence the importance of producing 
them on the farm, and of simultaneously providing 
for the feeding of the stock and the soil, because 
where a leguminous crop is grown the soil is en- 
riched by the nitrogen in its roots. Although 
the albuminoids are rich in carbon, it would bo 
folly on account of their cost to employ them 
as food fuel, for the carbon of food undergoes 
combustion in the animal body as certainly as 
the carbon of coal in the furnace. The coarser 
foods of the farm — hav, straw, and roots in ])ar- 
ticular — ^which are rich in carbohydrates, conse- 
quently provide carbon at a much smaller cost. 

Carbohydrates. Carbohydrates, the chief 
of which are starch and sugar, are composetl 
of the elements carbon, hydrogen, and oxygen. 
They are sometimes tlcscribed as heat-giving or 
carbonaceous foods, a term which, as wo have 
seen, may be equally applied to albuminoids and 
the fats. The carbohydrates, however, are more 
than heat-givers, for they arc the principal source 
of energy, and it is chiefly for this reason that 
they are provided in stock rations in much larger 
quantities than oithiT the albuminoids or the fats, 
hltarch and sugar, like cellulose, the material of 
which the cell- walls and fibrous matter of plants 
are chiefly composed, arc abundant in all classes 
of food» and arc for the most part highly digestible. 
They arc believed to b(; chiefly resjjonsible for 
the production of fat. 

Fats and Oils. The fats and oils produce 
upon combustion some 2*20 times as much heat as 
the carbohydrates, sugar and starch, because they 
contain a much larger percentage of carbon, but, 
unlike starch, they form a j)ortion of the animal 
body, and possibly arc in jjart deposited as animal 
fat "without undergoing any marked change. The 
fat of food, in addition to its property of providing 
heat, energy, and animal fat, is a valuable digestive, 
and a ready means not only of increasing weight 
but of contributing to the appearance and condition 
of stock of all kinds. It assists, too, in preventing 
a waste of the albuminoids, for in the absence of a 
Buflicionoy of carbohydrates ‘the animal would 
draw upon the carbon and hydrogen of the albu- 
minoid matter it consumed. 

Mineral Food* Beference has been made 
to the mineral constituents of plants. These are 
essential to the animal, inasmuch as they provide 
for the construction of the bones and the manu- 
facture of the digostite Juices, the former containing 


1 IIKI.ATIVE VAl^UES OF CAITtB FOODS j 



1 Digeetibte | 

Foods 

Water 

Albumin 

-Icarliohy 

Fate 



OidM 

1 (Inttcfi 

j NITROGENOUS DRY FOODS 


Linseed cake . . 
Deoortioated cotton- 

12-2 

24*8 

27*6 

8*9 

cake 

11*2 

31*0 

18*3 

12*0 

Oominun cotton -ouko 

113 

17*6 

14*9 

6*6 

Palmnut cake 

10-5 

16*1 

66*4 

9*6 

Rape cake 

11-3 

25*3 

23*8 

7*7 

Cuooanut cake 

9*4 

18*2 

47*4 

11*2 

Sunflower cake 

10-3 

31*3 

24*7 

7*6 

Sesame cake 

11-6 

28*0 

16*1 

10*4 

Beans 

14-6 

230 

50*2 

1*4 

Poiis . . 

14-3 

20*2 

64*4 

1*7 

Lentils 

lft*6 

21*4 

46*0 

2*2 

Wheat bran (coarse) . , 

12*9 

12*6 

42*7 

2*6 

Malt combs . . 

10-1 

19*4 

46*0 

1*7 

Browt3r8’ grains 

76*6 

3*9 

10*8 

0*8 

Desiccated grains 

120 

19*1 

42*0 

8*6 

Shorts, or middlings 

12*6 

10*8 

44*8 

2*8 

NITROGENOUS GREEN FOODS 


Red clover (in full 
flower) 

White clover (in full 

80*4 

1*7 

8*7 

0*4 

flower) 

Alsike clever (in full 

80 • 5 

2*2 

7*9 

0*6 

flower) 

82-0 

1-8 

6*9 

0*3 

l^ucorno (in flower) 

740 

3-2 

9*1 

0*3 

Sainfoin 

81-4 

30 

7*9 

0*6 

Crimson clover 

81 -6 

1*6 

7*6 

0*3 

Vetches 

82*0 

2*5 

6*7 

0*3 

Peas . . 

81*6 

2-2 

7*4 

0*3 

Rn i>o 

87*6 

2 0 

4*8 

0*4 

DRY 

FODDER 



Lt»corno (good) 

16-5 

12*3 

31*4 

1*0 

Sainfoin 

l«-7 

7*6 

36*8 

1*4 

Vetch hay (medium) 

16-7 

9*4 

32 ■ 6 

1*6 

Red clover (mc'dium) 

16-5 

10*7 

37 6 

2*1 

CARBONACEOUS DRY FOODS 


Wheat 

14‘4 

11*7 

64*3 

1*2 

Barley . , 

-J4'3 

8*0 

68*9 

1*7 

Oats . . . • 

14*3 

9*0 

43*3 

4*7 ’ 

Mnir.e . . 

14-4 

8*4 

60*6 

4*8 

Mult . 1 . 

7-5 

7*6 

62*8 

1*6 

Ricomeal (good) 

11-5 

11*2 

52*9 

13*9 

Maize germ -meal 

11-9 

10*5 

44*0 

14*8 

Buckwheat 

140 

6*8 

47*0 

1*2 

Rvo 

14*3 

9*9 

65*4 

1*6 

Meadow hay (poor) . . 

14-3 

3*4 

.34*9 

0*6 

Meadow hay (good) . . 

150 

7*4 

41*7 

1*3 

Rye hay (good) 
Perennial ryegrass 

14-3 

6*6 

44*3 

1*3 

(good) 

14-3 

6*1 

36*3 

0*8 

Wheat straw 

14*3 

0*8 

35*6 

0*4 

Rye straw 

Barley straw (sum- 

14*3 

0*8 

36*6 

0*4 

nier) 

14*3 

1*3 

40*6 

0*6 

Oat straw 

14*3 

1*4 

40*1 

0*7 

Vetch straw . . 

16*0 

3*4 

31*9 

0*6 

Pea haulrn . . 

16*0 

2*9 

33*4 

4.0*6 

Bean straw 

16*0 

6*0 

35*2 

0*5 

CARBONACEOUS GREEN AND OTHER 

SUCCULENT FOODS 



Potatoes 

75*0 

2*1 

21*8 

0*2 

Mangels 

88*0 

1*1 

10*0 

0*1 

Carrots . . , . 

85*0 

1*4 

12*6 

0*2 

Turnips 

92.0 

1*1 

6*1 

0*1 

Swedes . • 

87*0 

1*3 

, 6*3 

0*1 

Parsnips . • 

88*3, 

1*6 

11*2 

0*2 

Green maize . 

82*2 

0*7 

8*4 

0*3 

Cabbage . . 

Kohl Habi . . 

89*0 

1*1 

6*0 

0*2 

85*0 

2*0 

7*7 

0*4 

Pasture grass ^average) 

80*0 

2*6 

9*9 

0*4 




phosphoric acid and limo, and the latter soda and 
chlorine. The milk of the cow, too, is rich in the 
mineral matter necessary in the building up of the 
young animal. 

Foods are not all digested. Portions of 
each constituent pass through the system unappro- 
priated, and it is therefore essential to know, not 
only the names of the most economical and essential 
foods, but the proportions of each of their con- 
stituents wliich are digestible and nutritious. 

The tables on page 2": 48, which include the chief 
stock foods arranged in their several divisions, 
show the approximate percentages of water, 
digestible albuminoids, carbohydrates, and fats. 

Chief StocK Foods Analysed. 'rhe foods 
rich in oil or fat aro linseed (35 per cent.), cotton- 
seed (27-3 per cent.), palm-nut (48 [xu- cent.), 
linseed eakt*, cottoii-seed cake, eocoiiiit cak(\ 
maize-germ meal, rice meal, palm-nut cake. Footls 
rich in ash, or mineral matter, vary from 0-7 p(‘r 
cent, in roots to 10 per cent, in rice meal, and 
7 per cent, in rye grass, clover, good meadow hay, 
and vetch hay, the straws and chaff of which and the 
leading cakes, aro all very rich in the same materials. 
The figures which are supplierl hero at once indicate 
which foods aro th(i most concentrated and the 
most valuable. 

If we add together the percentages of allmminoids, 
carbohydrates, and fat, we are enabled still further 
to ascertain which food-j provide the largest amount 
of nutritive matter, and therefore, guided by 
market prices, which in most cas(5s arc the most 
economical. For instance, if wo dcsircj to choose 
between maize and oats, not being tied by any 
consideration for tho provision of albuminoids, 
we find that while maize contains 73*8 per cent, 
of digestible nutritious matt(;r, oats only contain 
57 per cent. Thus, supposing both foods cost the 
same sum — sav, 2s. Od. per bushel — tho maize 
weighing fJO lb, per bushel supjdics 44^ lb. of 
nutritive matter, while oats w(^ighitig only 40 lb. 
in a good sample — 38 Ib. luung mor(.‘ common — 
provide only 22J lb. of nutritious niattcT, or almost 
precisely one-half. In such a case the food in the 
oats would cost double as much as the food in the 
maize, as we have fully explained elsewhere. 

Wo have always, however, to consider the im- 
portance of the albuminoids whore they are not 
I)rovided in tho foilder of the farm, and still further 
— to take an important example — in feeding a 
horse wo have to remember that owing not only 
to its higher percentage in albuminoids, but to tho 
presence of a larger quantity of husk and its con- 
sequently greater safety, the oat possesses a 
mechanical value which adds something to its 
economic worth. 

Relative Values of Foods- In purchasing 
a food, it is sometimes useful to estimate its relative 
value as compared with other foods by tho adoption 
of a system which, making allowance for tho 
fluctuations of market prices, is a help to the 
buyer ; we refer to what is kno^vn as value, 
which, however, is more commonly applied to the 
pivchaso of artificial manures. A unit of albu- 
minoids has been estimated to be worth 29., of 
carbohydrates Is., and of fat 28. 6d. Thus, sup- 
posing we take maize to illustrate our case, we 
and mm tho figures in the table that this cereal 
contains, roundly, 8*4 per cent, or units of albu- 
minoids, which at 2s. is Ifis. 9d. ; 4*8 per cent, or 
units of fat, which at 2s. fid. amounts to 12s., and 
fiO} units (^*fi per cent.) of carbohydrates at Is., 
or £3^ Os. fid., giving a total of £4 9s. 3d. One ton 
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or 42 quarters of maize at 209. would equal £4 12s. fid. 
Taking a aeries of years, 20s. is about tho average 
cost of maize purchascfl wholesale, so that at ^this 
price a ton, the quantity with which wo are dealing 
in the calculation, woidd cost but little more than 
tho valuation. If similar calculations are made 
as applicable to other foods, wider dilTovonocs may 
appear, but it is always important to add the 
manurial value of th(5 food on the basis of the 
estimated proportions of the nitrogen, phosphoric 
acid, and potash obtainc'd from it. [Sec pag(» 308.1 

Compound Foods. In purchasing compound 
foods, such as cakes and meals, it is important that 
the buyer, guided by tho Fertilising and Feeding 
Stuffs Act, which was passed for his special pro- 
tecition, should submit a sample to’* the public 
analyst, a])pointcd for tho purpose, for analysis. 
Ho will, under defined conditions obtainable from 
the Board of Agriculture, or from the Act itself, 
be required to send a dii])licalc sampk' tt> the 
vendor, together with notice (»f his intention, and 
if, as should have been th<J ease, ho obtains a 
guarantee of purity or quality, he will bo in a 
position to obtain compensiition should tho articU' 
he purchase's not corrcsj)ond with tho analysis. 
Although tho best makers an I mc'rchants may bo 
trusted, th(?re are so many cases of deliberate fraud 
that no exceptions shoidd be made in this mattei, 
esjxteially as every (kjiinty (lournul retains an 
analyst who conducts tlu^ work at a nominal fee. 
The loss sustained by a purchaser of an inferior 
or adulterated food is mit coniincMl to the difforenct* 
in inark<!t vahie, for if jairchased in largo (piantities 
his stock may suffer to an extt'nt which may not 
bo readily understood. Analysis is not arbitrary 
so far as regards the perc entages of food con- 
stituents, inasmuch as samples differ, although in 
a minor degree, and this applies not only to manu- 
factured or compound foods, such as cakes and 
meal, but to grain, hay, roots, and practically 
every crop that grows. 

Digestibility of Different Foods. One of 

tho most important features in dealing with such 
figures as most tables of analysis supply is to 
remember that it is tho digestible constituents, 
and not the total constituents or dry matt<T of 
food, which arc of im])ortancc. Young grass is 
much more digestibh^ than older grass; finely (Mit, 
cTUshcd, ground, or steamed food than whole, raw, 
or coarse food ; and slightly fermented mixture's cjf 
roots, chaff, grains, meal, and cake than the; sami' 
foods fresh and cold. The digestive juici's arc abb- 
to act with greater thoroughness upon food com- 
posed of line particles than upon that which is 
coarse ; and while individuality accounts for much, 
it is certain that rations given in small quantities, 
and carefully and finely })rcparod, are followed by 
tho best results. Again, owing to the clilTcrcnco in 
the structure of the dige^stivo organs of cattle and 
sheep, as compannl with those of horses and pigs, 
tho two former require bulkier foods and a largtu' 
proportion of fibrous matter 

It has already been printed out that foods differ 
in their digestibility ; and, furthisr, that the digestive 
powers of different animals also vary ; and that the 
cereals and young plants are more perfectly digested 
than dried fodders, such as h«ay and straw. Tho 
carbohydrates, starch and sugar, are practically all 
digested, although the starches of different plants 
vary in the time occupied in their digestion. Again, 
there is a difference in tho digestibility of fats and 
oils; and although littio is known which can ho 
regarded as exact, it is believed that their ah- 
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sorption in tho system of the animal is fairly 
complete*. Something depends, too, upon the 
aroma of food and its flavour. If it is agreeable 
to tho animal and is relished, tho glands are stimu- 
lated, with tho result that a marked influence is 
exerted on tho digestive apparatus. Again, tho 
larger tho ration, tho more slowly is it digested. 

The Carcase. Let us now mention a few 
facts in relation to tho carcase of the animal. In 
feeding for the butcher there is a percentage de- 
crease of water, nitrogenous matter and minerals, 
with an increase of fat. Thus, owing to tho di- 
minution of the water percentage, a larger amount 
of foo l is produced in the carcase, although in tho 
case of really fat stock this means considerable 
waste ; for while tho purchaser of a joint pays for 
the extra fat, he seldom consumes it. In a half-fat 
animal, the dry matter of the carcase is about 
equal to its water contents. 

Comparing tho fat boast with the loan boast, 
there is a smaller i>roportion of the fertilising 
constituents of food, nitrogen, phosphoric acid, 
and lime in the former than in the latter. Thus, 
when fat stock arc sold off the farm there is relatively 
loss fertility carried away than when the animals 
sold are in store condition. Again, although the 
loss of the mineral fertilisers present in the carcase 
of a beast is in the gross really small in quantity, 
weight for weight, cattle .sold off tho farm take 
with them more than sheep, and sheep more than 
swine. Tho fertilising matter removed in milk 
and the crops of tho farm— grain, pulse, hay, and 
tho like — ^is much larger in quantity than that 
removed in fat stock, so that tho feeder who con- 
sumes his own cror>s loses very little fertility. 

The cost of feeding Irish fctt)re cattle, which are 
so largely purchased by Knglish farmers for fat- 
tening for the butcher, has been estimated to reach 
£17 at 2J years old, while in Scotland the cost at 
20 months is estimated at £18 12s., including insur- 
ance, interest on capital, attendance, and grazing. 

The Albuminoid Ratio. The albuminoid 
ratio may bo regarded as the proportion of digestible 
nitrogenous matter present in a food as compared 
with tho carbohydrates ami the fats estimated as 
carbohydrates. The o]»inions of experts differ to 
some slight extent as to the figures of the ratio, but 
wo may take it that the ration supplied to the 
animals of tho farm shall consist of one part of 
digestible albuminoids to from five; to six parts f)f 
carbohydrates and fat, the fat being estimated as 
a carbohydrate by midti plying its percentage by 
2*29, this being its relative heat and energy pro- 
ducing capacity. 

Ijct us illustrate our case by an example. A man 
taking average exercise requires about 4500 grains 
(say, 10 oz.) of carbon and 300 grains (about } oz.) 
of nitrogen daily as a maintenance ration. Sup- 
pose tho food ho constnnes consists solely of broad, 
he would require 4 lb. daily in order to obtain tho 
nooessary nitrtigen ; but as 4 lb. of bread contains 
nearly 20 oz. of carbon, this system of maintenance 
would result in waste. Thus it is that a food like 
bread, which is rich in carbon, is eaten in con- 
junction with other foods taken in smaller quan- 
tities, such as meat, fish, or cheese, which are rich 
in nitrogen. Taking a number of authorities 
coUeetivmy, we find that, on the basis of their 
investigations, an average man doing a moderate 
amount of muscular exercise requires 120 grams of 
protein, 600 grams of carbohydrates, and 50 to fiO 
grams of fat. Here, then^ wo get a ratio of 1 to 
6*6. Wo remember an instance of a small farmer 
who fed a few cows sdlcjy upon mangels, which, 
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apart from the un^tability of their bulk, are 
extremely poor in almminoids ; but supposing the 
whole of the albuminoids in the mangel to & all 
digestible and nutritious — which is not the case — 
a cow of 1000 lb. weight would have to consume 
nearly 260 lb. of the roots in order to enable her 
to obtain a sufficient quantity of nitrogen to meet 
her maintenance requirements alone. If, however, 
she were able to consume this quantity and to 
digest it, she would obtain 25 lb. of digestible 
carbohydrates, or about twice tho quantity required 
in a mere maintenance ration. 

Tho Value of Grass. I.iot US now take an 
example in order to show how tho abuminoid ratio 
is calculated. Grass, which, when good, is ad- 
mirably balanced as a food for cows, will serve as 
an excellent example ; it contains 2*6 per cent, of 
digestible albuminoids, 10 per cent, of carbo- 
hydrates, and 0-5 per cent, of fat. Tho fat is 
multiplied by 2*29, as wo have shown. The result 
thus obtained is added to tho carbohydrates and 
divided by tho percentage of albuminoids. Thus : 

10-0+ (0- 5 V 2-2 0) 

2 *.) 

so that the albuminoid ratio of (jood grass is 4*458. 
practically as 1 is to 41; so rich is it, indeed, that 
grass of. high quality may thcrehjro be regarded 
as a nitrogenous food. 

Food for a Cow. it has been laid down, on 
tho basis of many investigations, especially in 
Germany and the United States, that a cow weigh- 
ing 1000 lb. requires for tho maintenance of her 
carcase and the provision of heat and energy 
16*4 lb. of digestible nutritious dry matter, which, 
ill terms of ordinary farm uations, is jiractically 
equivalent to 24 lb. of tho organic matter of her 
daily food supply. Some investigators, however, 
slightly incn'aso tho quantity of dry matter. The 
figures referred to (15*4 lb.) should provide some 
2| lb. of digestible albuminoids, 12^ lb. of carbo- 
hydrates, and 0*4 lb. of fat, so that tho albuminoid 
ratio would be as 1 is to 5*4. 

Jn tho practice of the farm, rations frequently 
contain a larger proportion 'of tho carbohydrates, 
esiM'cially where large quantities of straw, roots, 
and maize are used ; while in other cases, especially 
during the summer season, when clover, vetches, 
and rich grasses are provided, tho proi-wrtion of 
albuminoids may bo very distinctly raised. Tho 
wisest plan, however, is, by tho adoption of the 
system of recording the weights and varieties of 
food supplied and tho milk produced, to ascertain 
which foods are tho most economical. So far, 
•reference has been made to the provision of food 
for the maintenance of a cow. When she is in 
milk, however, she requires, in round numbers, 
an additional pound of digestible dry matter for 
every gallon she produces. 

Scientific Feeding. Much, however, as in- 
vestigation and experiment have accomplish^, wo 
should regard these figures as merely indicative of 
what science has so far been able to teach us; and 
tho farmer who, while adopting tho principle, 
experiments for himself may possibly find that ho 
obtains more economical itssults, especially when 
he produces his own foodstuffs, by the provision 
of slightly larger quantities of tho carbonaceous 
foods on the one hand or of the nitrogenous^ foods 
on the other. Where it becomes ^ essential to 
purchase foods which are rich in nitrogen, they 
should be used sparingly, on account of their higher 
post, for they are only required for their nitrogenous 
constituents. JAMES 
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The Death-Bed of the Atom. The Wonderful Power It Gives Off in Dying. Can 
We Use It ? Will the Immeasurable Bnergles of the Atom Transform Society? 

THE ATOM’S WONDERFUL SECRET 


£ reader is besought not to imagine that the 
overwhelming and all-embracing significance 
of the corpuscular theory of matter has l^een 
completely indicated, but w-o may fairly take 
stock of our theory at this point, and notice 
how it accords with the statements which 
we made in leading up to and introducing 
it. We insisted upon the ultimate inseparnble- 
ness of physics and chemistry, while pointing 
out that the physicist is mainly concerned with 
energy, and the chemist with energy only or 
mainly in the form which he calls chemical 
energy. We observed that the difficulties of 
chemistry are approaching solution at the hands 
of what is called X)hysical chemistry, and wo 
insisted upon the doctrine of the conservation 
of energy, which, if it is really true, must neces- 
sarily bo true in every chemical action. 

What Have We Found ? In the first place 
wo have found that physics and chemistry are 
so much one that it is now almost ridi(;uious to 
speak of chemical energy. Chemical energy 
is electrical energy. lii the second place, we 
have found that the magnificent work of two 
(ihemists, Dalton and Mondelccf, has been 
crowned, and the greater part of the immediate 
problem of chemistry solved, by the labours of a 
worker who is not a chemist at all, but a physicist. 
As for the law of the conservation of energy, 
wo cannot yet point out its relations to the 
theory of Thomson, but we need only remind 
ourselves of what was lately said about negativ^e 
electrons shot out from the atom of radium in 
order to see that the law of the conservation of 
inattcr requires revision. Now, this law must 
apparently be regarded as a particular expression 
of the law of tlie conservation of energy. And 
if it be not true, what are we to say of the law 
which includes it and of which it constitutes 
a part ? And how can wo possibly assert it to 
be true in the same breath as that which serves 
to say that negative electrons are shot out from 
unstable atoms such, as that of radium, and go — 
whither ? Do they disappear, are they annihilated, 
are they resolved into ether, the “ mother of 
matter,” or are they conserved as such ? 

Unstable Atoms. We are already in a 
position to understand that, in siwaking of 
atoms, the terms stable and unstable are relative. 
The perfectly stable atom would, of course, be 
eternal, whereas the perfectly unstable atom 
would have no period of existence as an atom 
at all. Remembering this, however, we have to 
f^ognise that different types of atoms do vary 
enormously in their .degree of stability, and it is* 
obviously incumbent upon the new theory of 
matter to explain these differences if it can. It 
is impossible to discuss this subject, at the present 
time, in any complete way. Since the greater 


part of the world of i)hysicists and chemists is 
working at this subject, new and important facts 
are being discovered almost as rapidly as the 
old ones are being sot down in print. Neverthe- 
less, some provisional statement is possible. 

Atoms Within Atoms. Our previous 
discussion of the corpuscular theory of matter 
has enabled us to understand, as twenty 
years ago not the greatest of living chemists 
could have understood, a largo number of the 
great facts of chemistry. VVbat amplification 
does it need in order to enable us to understand 
the extraordinary fact, discovered by Sir William 
Ramsay, that small atoms may be born from 
largo ones ? 

One most important fact has been demon- 
strated by 8ir Joseph Thomson. He shows that 
it is possible to substitute a system of corpusclc.s 
for one corpuscle in certain of the theoretical 
figures we have described. Thus, three cor- 
pii8ck%i arranged in the triangular fashion already 
figured may exist within an atom and act as a 
whole, just as one corpuscle would act. 

Evidently, this is most- important, for it at 
once gives us some inkling of the manner in 
which 8iu;h a small atom as that of helium may 
spring, })ractically ready-made, from an atom 
of radiiiiu. 

Movement of Electrons. Sir J. J* 

Thomson has also shown that important facts 
may bo deduced from the movement of the 
electrons. In a paragraph in a previous section 
we commented briefly on the movement of the 
electrons in tho atom and showed that the 
difficulties which it ax)pcar8 to introduce arc 
not serious, but now wo may amplify tho 
statement and say that the movement of the 
electrons actually helps us in our attempt to 
explain the existence of unstable atoms. Let 
us take, for instance, the case of five Mayer 
magnets. It is found that there arc two ways 
in whi(;h those may arrange themselves, some- 
times as a pentagon and sometimes as a square 
with one cor[)uselo in the middle. Now, Sir 
J. J. Thomson has shown how tho possibility 
of these two arrangements may bo explained 
in tho case of tho very simple atom which ^vo 
are imagining for purposes of study. When the 
electrons in such an atom are moving very 
rapidly tho arrangement will be that of the 
square with one corpuscle in tho centre, but, 
if their energy of movement is reduced, another 
arrangement becomes necessary, and suddenly 
80 . There must be a certain critical point, above 
which one arrangement is necessary, while 
below it another is necessary. 

The Death-Bed of an Atom. If xye 
conceive of an atom, parts of which are in 
movement, we have to ask whether any energy 
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is being lost ; there is a most extraordinary 
and signiiicant parallel between this question 
and the questions as to the stability of the 
Solar System or of Saturn and his rings. We 
may note, by the way, that a Japanese physicist 
has made an interesting contribution to the 
theory of the radio-active atom by means of 
considerations derived from the study of the 
rings of Saturn. Large and small mean nothing 
in science. 

Now, we have to believe that every atom is 
slowly losing its energy, this being the funda- 
mental reason why it is mortal. Sir Joseph 
Thomson has written of the “ death-bed of 
atoms,” and pointed out that it is at the moment 
of death, so to speak, that the radium atom gives 
off the energy for which it is so famous. For 
ages it has slowly been losing its energy, and at 
last the point comes which we have called 
critical. An entirely new arrangement is neces- 
sary if the atom is to persist in any shape or form, 
and this involves the great reduction of the 
potential energy within the atom and the giving 
forth of a quantify of kinetic energy propor- 
tionate to that reduction. “ The only tax the 
radium atom has to pay,” says Sir Joseph, “ is 
the death duty.” The amount of kinetic energy 
which is evolved at the death-bed of the radium 
atom — after its loftg life, according to several 
estimates, of 1200 years — is so great as to 
suffice abundantly for shooting out from the 
atom a certain number of its parts. Wo have 
only to suppose that among its parts are little 
systems of corpuscles, which are nowadays going 
by the name of sub-atoms, and which, if they could 
get free, are none other than atoms of helium. 

A Key to a Mystery. Wo have already 
seen that the existence of such systems is quite 
possible, each of them being equivalent, in the 
structure of the atom, to one corpuscle, and 
acting as such. Th^ so. called Alpha rays of 
radium consist, it is believed, of such sub-atoms, 
which are really equivalent to atoms of helium. 
These do not, indeed, consist of three corpuscles, 
as in the case of the sub- atomic system of the 
imaginary atom we have discussed, but perhaps 
of about 2000 corpuscles (compare the atomic 
weight of helium and that of hydrogen). 

Such an explanation as w’e have given is of the 
greatest value, in that it serves to explain what 
otherwise seems unintelligible. Why, we might 
ask, should an atom actually persist for twelve 
hundred years unchanged and then suddenly 
break down of its own accord ? But now we 
have a key to this. We see that atoms do not 
persist unchanged ; during all this period the 
atom, indeed, retains its fonn and structure, 
but it is slowly radiating energy. At last there 
comes the critical point at which the old arrange- 
ment is no longer stable — and then comes the 
crash. The reader will readily be able to supply 
analogies from his own experience. Why, it 
might be asked, should a man live at ease and 
in luxury for years, and then, all of a sudden, 
be thrown out of the society in which he lives 
and become a bankrupt and a pauper ? The 
answer is that, though his circumstances have 


apparently not been changing, he has been 
living on his capital, radiating his potential 
energy, and at last a critical point is reached, 
and then comes the crash. 

And now we are the better able to understand 
what we described on page 1892 as the “ emana- 
tion” of radium. Wc saw that this element 
yields a gas, or emanation, which is not gaseous 
radium. Wo saw also that Sir William Ramsay 
has discovered that when the spectrum of this 
emanation is examined after an interval of 
four weeks or less the spectrum of helium is 
recognised. But lately we have passed beyond 
the simple view that the emanation of radium 
consists of a multitude of immature and un- 
recognisable helium atoms. That was hardly 
credible at any time. What, ihen, can wo 
provisionally regard as the exact relation > 
bejiween the helium produced by radium and 
the emanation which it also produces ? 

The Emanation of Radium. It seems 
that the emanation itself consists of atoms 
which are of very largo size indeed; not as 
large as the radium atom, however, though 
they belong to the same type. For the time 
being we may, jx^rhaps, conceive — jjossibly in 
more simple terms than may ultimately be shown" 
to be justified — that w'hcii the radium atom 
reaches its critical point it breaks up into one or 
a number of Alpha particles or helium atoms on 
the one hand, and one of those large emanation 
atoms on the other. These repeat, though with 
very great speed, t he history of the original atom. 
Before long they break up, yielding more Alpha 
I)artielcs or helium atoms, and a second type of 
emanation, which has been called emanation X. 
This again breaks down in its turn after a short 
time. There are in all probably live stages, as 
we have already seen, and we have already noted 
that the final atom — or, rather, the atom which 
is final for a time — scem^ to be that of lead. 
As for the first emanation, and the assertion that 
it consists of definite atoms of an absolutely 
distinctive and specific kind, we may note that 
Sir William Ramsay proposes to call it ex-radio — 
in order to indicate that this is an element derived 
Jrom radium. 

We have spoken of these various stages, but 
the reader must not imagine that there is any 
equivalence of time between them. The radium 
emanation undergoes its change in a matter of 
days. Emanation X takes only a few minutes ; 
the next two stages not many minutes more, 
but the last stage, of which lead, perhaps, is the 
final product, is estimated to take centuries. 

The Internal Energy of Radium. 
And now we are also in a position to add some- 
what to our previous remarks concerning the 
energy of radium. We accept, of course, the 
disintegration theoiy, having been able to exclu^ 
the previous theories advanced bv Sir William 
Crookes and by Lord Kelvin. The reader will 
scarcely need us to insist that when we discuss 
radium we are discussing principles which are* 
true of atoms generally. On a previous pa^e it was 
said that the extei^ enozgies of i^um can 
be manifested only at the cost of its intemal 



energies’ . . . it is only in virtue of the 

disintegration of its atoms that radium has been 
able to exercise its remarkable properties.** There 
is not much need to insist again upon the enor- 
mous measure of the energy which is liberated by 
the disintegration of such a large atom as that of 
radium. Sir Joseph Thomson has quite recently 
made an important criticism upon the often- 
repeated statement that, say, half a pound of 
radium would drive a steamer across the Atlantic. 

So it would, if it were possible to obtain half a 
pound of radium in one mass, but it would take 
an extremely long time to do so ; and for this 
reason we have to conceive' of the energy 
given out by radium as due to the breaking up 
of its atoms, one ajter another^ as their internal 
arrangements reach the critical point. It is only 
on its death-bed, to vary the metaphor, that 
the radium atom parts with its fortune or power 
to any appreciable degree. The heat evolved 
by radium — or, rather, by the breaking up of 
such atoms in a miiss of radium as may happen to 
break up during the period under observation — 
is believed to be mainly due to the Alpha ])ar- 
ticles. The heat is evolved partly by the impact 
of these particles upon the rest of the radium, 
and partly by their impact with surrounding 
objects. These Ai])ha particles are thrown out 
from the emanation in all its successive stages. 
It has been calculated that about three-fourths 
of the heat produced by radium is thus due to 
its (‘Tuanation, in virtue of the Alpha particles 
which are produced. 

The Power of a Thimbleful of 
Radium, We may quote from Professor 
R. K. Duncan, who has admirably arranged 
many of these remarkable facts in his volume 
“ The New Knowledge.” Professor Duncan 
says, on this point : “ 1*he volume of the emana- 
tion is infinitesimally small. From one gramme 
of radium compound the volume of the emanation 
evolved would nqt amount to more than I •.3 of a 
cubic millimetre. This needle-point of gas 
evolves enough heat per hour to raise the tem- 
perature of 76 grammes of water one degree. If 
it were possible to obtain one cubic centi- 
metre — a thimbleful — of this emanation in 
the form of a gas, we should find that it 
possessed the power of emitting, altogether, 
over 7,000,000 calories of heat. This is more 
than sufficient to raise 15,000 pounds of water 
one degree, and all this heat from a thimbleful 
of an invisible gas ! The important phase of 
this statement is that it is altogether outside 
of anv hypothesis or theory. It is a simple, 
strsughtforward fact. Now, the heat evolved 
by exploding the same volume of hydrogen and 
oxygen mixed in the proportions required 
to form water is about two calories. We find, 
then, that the heat evolved by the radium 
emanation is over 3,500,000 times greater than 
that let loose by any known chemical reaction.** 

An Atnaslng Waste of Power, So 

much- for the amazing measure of the energy 
which is involved in the structure of atoms. We 
mSry turn also to the smallest atom we know— 
that of hydrogen — the atom which contains 
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much less enor^ than any other, and quote the 
estimate of Sir tJosoph Thomson that “ a gramme 
of hydrogen has within it energy sufficient to 
lift 1,000,000 tons through a height consider- 
ably exceeding 100 yards.” In short, of all the 
energies which wo know in Nature, those which 
we have long recognised, those extra- or inter- 
atomic energies which are constantly utilised 
in order to do the work of the world, are os 
nothing, are utterly insignilicant and negligible, 
compared with the infra’afomic energy— the 
energy which is within the atoms of matt(‘r, 
of which hitherto no use whatever has been 
made by man. 

But Iwforc we pass- on to consider, at some 
little lengtli, the nature of the units of which 
atoms are composed, we may note briefly 
another consideration. A.s we all know, time 
was when society was based upon militarism, 
wh(‘reaa today it is tcndirig to becomii indvistrial- 
The military type of siieiety is the oldest ami, 
of course, th<‘ lowest. Wo have not yet reai'hed 
the stage when society has become perfectly 
free from militarism, but everyoiK^ wh(» thinks 
about man and his future looks forward to the 
day when society will liave become comphdely 
industrialised and wlicn war, barbarous and 
stupid as it is, will have ceased for ever. 

The Transforfnation of Society. But 

there are a few thinkers here and there who 
are inclined to quc'stion the common view that 
the industrial state of so(‘i(dy is the best that 
can be concjcivtid. At present, as for many 
ages past, wo ar(‘ engaged in an incessant strife 
wilh Nature, and th(5 balance of ]>ower is at 
last coming to lie will) ” man’s unconquerable' 
mind.” This is so be'causi' we arc learning how 
to utilise natural powers. Novertheh^ss, an 
enormous proportion of all mankind arc engaged, 
at one level or another, as ” hewers of wood and 
draw(‘rs of water.” 

This is as good as to say that our conquest of 
Nature is yet far from complete. But, if we arc 
to jmlge by the past, we may bc'lievc that in 
time to come society will be no longer induslrial, 
for the n^ason that industry, as wo at prc.sent 
conceive it, will not be necessary. TIk^ fact of 
what are called ” labour-saving devices ” is one 
of the most important facts in tlu^ whole study 
of man. Even if we utilised to the full all the 
ordinary ch(*mical energy which wc employ in 
our furnaces, for instance, there would be a 
vast economy of labour. The time will un- 
questionably come when the work of the world, 
in nearly its whole extent, will l5e done, not by 
half-clad men digging coals out of mines or 
puddling iron, but by the simple pressing of it 
button. Society will iiave to pass through stages 
comparable to those represented by the introduc- 
tion of the various mechanical inventions which 
have replaced, Ic^t us say, the old spinning-loom. 

The Immeasurable Energies of the 

Atom. It will seem, and unless w'C are more 
humane in the future than in the past it will 
indeed be, cruel to throw countless persons out 
of work by the introduction of new methods. 
But what are we to say if we remember the 

2553 



GROUP d-CHCMrSTRY 


exiaieiloe of the imincaaurable and inexhaustible 
energies which lie within the atom — the atom 
which our very fathers thought to bo dead and 
inert ? In a small book, which is now out of 
print, the writer ventured to call the future 
social type the spirit^al^ as distinguished fnm 
the mililunt and the induatriah In so far 
as any forces other than spiritual forces can 
hasten the coming of this social type of the 
future, such fore(‘s are undoubtedly to be sought 
ehic‘fly in the almost unimaginable transforma- 
tion of all the material conditions of human 
life which will be achitwod — which may, indeed, 
bo made j)ossible at any moment— by the dis- 
covery of some means of “ tapj)ing ” the intra- 
atomic energies. Were this done, there would 
be ])ractieally no longer any necessity for any 
of those labours of man which deptmd upon 
his need for turning to bis own advantage 
the forces of Xatiire. Let the rciuler ask what 
proportion of human work ultimately comes 
under this head, and then lot him consider how 
human life must be transformed if such work 
be I’iUidered unne(;essary. In tlit? first edition 
of this work, published eight years ago, the fore- 
going paragraph apfieared. Its central idea is 
now being used as the molij of a romance, 
“ The World Set Free,” by a well-known novelist. 

The Power of Every Breath we 
Draw. Wo have already refeircxl to some of 
the uses of radium, but all that we have said is 
simply as nothing compared with the uses to 
which radium— and, indeed, all atoms whatso- 
ever — may be put if we are able to harness them. 
There is nothing inherently impossible in the 
attempt. It is not a case of making a i)erpetual- 
motion machine, nor of getting work under 
conditions which, according to the second law of 
thermodynamics [see Physics], arc incapable of 
yielding work. One thoughtful student has 
suggested, and he is jirobably right, that the 
processes of intra-atomic change, unlike the 
processes of inter-atomic combination and dis- 
sociation, arc irreversible. It would almost 
appear as if there were a precise parallelism 
between the laws of keat and work and the laws of 
intra-atomic energy and ivork, Jf this be so, we 
shall never be able to build up a radium atom 
from smaller atoms, except by somehow putting 
back into these smaller atoms all the tremendous 
energies which were dissipated when they were 
born. Instead of having work done by this 
process, we should have to do an enormous 
amount of work in order to accomplish it'. 

But, on the other hand, there is no reason at all 
why we should not utilise the energies evolved in 
the breaking down of largo atoms into small ones. 
The .problem, indeed, is not so much how to 
utilise the intra-atomic energies as how to hasten 
their normal evolution. Our half-pound of 
radium would drive the liner across the Atlantic, 
but it might take ages and ages to do so, simply 
because a sufficient number of the radium 
atoms would not liberate their storod-up energies 
within a reasonable time. The question, then, 
is how to hasten the normal rate at which 
atoms disintegrate. In many jparts of the world 
inquirers are now attacking this problem. 
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Blowing Atoms to Bits.’* A few years 
ago, for instance, the present Vriter witnessed 
certain experiments in th^ Cavendish Laboratory 
with the Rontgen rays, the object of which was 
to “ blow atoms to bits,” if possible, and utilise 
the energies liberated by the explosion. That is 
a metaphorical manner of speech, but it is extra- 
ordinarily near the literal truth. We may 
fairly say that in practical physics at the prestmt 
moment — or in jiractical chemistry (it does not 
matter which one says) — the most interesting 
and important inquiry is how to blow atoms to 
bits, thereby obtaining from them far more 
energy than one puts into them, just as a little 
match may make the beginnings of a veiy 
big blaze. After all, it is the old problem of 
transforming potential into kinetic energy, 
in a new dress. In setting a light to gunpowder 
so as to send off a cannon-ball, we are trans- 
forming into kinetic energy the potential energy 
containc‘d and locked up between the atoms and 
in the molecules of the gunpowder and the 
oxygen of the atmosphere. Similarly, in at- 
tempting to blow atoms to bits by Rontgen 
rays, or otlier means, W(^ are .scM'king to transform 
into kinetic, or utilisable, i‘n(*rgy the ))otontial 
energy which, as we have already se(‘n, is 
contained, and contained to an almost incredible 
degree, within the atoms. In bis recent Romanos 
l(‘eture. <l('livered in tiurie, iyi4, Sir Joscj>h 
Thomson said that he had still been unable to 
“blow atoms to bits.” 

Sir Joseph Thomsoii’s Provisional 
Conclusions. We rpiote or paraphrase the 
following from Sir'Joseph Thomson’s statement, 
made on a ])revious occasion, of his results- 

In one hour one gramme of radium will give 
out sufficient heat to raise a gramme of water 
from freezing-point to boiling-point. On the 
average, a radium atom liv(*s for more than 1000 
years, and it is only at the expiration of this 
period, when the atom becomes unstable, that its 
energy is liberated. This is a long period, even 
by our scale of reckoning, in which we take the 
rotation of the earth as the Unit of time. If an 
atom of radium had an inhabitant, he would 
reckon on quite a different scale of time. Doubt- 
less his unit would be the period of rotation of one 
of the corpuscles or systems of corpuscles in the 
atom, and it would correspond to a small fraction 
of the billionth — that is, the million millionth — 
part of a second. The life of a radium atom — 
.say, 1200 years — might well appear, therefore, 
as an eternity to one of its inhabitants, thus 
raising the question “ How is it that thejadium 
atom, after existing for what — relatively to the 
rhythm of its own processes — is practically 
an infinity of time, at last collapses and suffers 
this extraordinary change which results in the 
giving off of energy ? ” This change is due to 
the loss of eneigy in the corpuscles and systems 
of corpuscles which rotate in the atom. . The 
atom thus loses its state of moving equilibrium, 
as a top falls when the speed of its rotation is 
insufficient to preserve its moving equilibrium. 

Can we Harness the Atom ? Thus 
the energy of radium is displayed only at the 
death-bed of the radium atom. During its 



lifetime t&4ium is a perfectly conventional 
element, so faj as we know; it is only when 
it is ceasing to be radjjpoi that it begins to display 
its peculiar properties and gives off energy. So 
great is the amount of this energy tliat there is 
enough of it in a pinch of radium to carry an 
Atlantic liner across the Atlantic at full speed. 
Nevertheless, by no means at present known 
could a pinch of radium be made to do this, sinf'o, 
though it contains all this amount of energy, 
it gives it off with extreme slowness. In order to 
propel an Atlantic liner across the Atlantic , in 
six days, 100 tons of radium would he ivquiifd. 
The question is whether we shall be able to 
get at the internal energy of the atom at a Jof-t 
enough rate U) he of practical value. 

And now, having considered the nature and 
possibilities of the atom as best wc might, 
and having been put off again and again in our 
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we have already asserted about them may be 
easily summarised. They are probably identical 
in all their properties wherever found. Each 
either carries or is a charge* of negative electricity. 
If the latter be true*, then the ultimate units 
of the atoms of matter arc atoms of elc'clrieity. 

M* Poincare’s Remarkable Work. It 
is precisely this juiiut that fe now being deter- 
mined. For a provisional answer to it we can 
scarce!}'' do better than turn to eerlain Frcmeh 
students, remembering that t)u? history of 
scaetujcj has taught us how lucid and brilliant 
are French men of sc;ienee in these matters. 
The late M. Henri PoirKwirt^ whose (u)usin is now 
Pri*sidc*nt of the Ki-cnch Hepuhlie, was, in our 
little, the most distinguish(*d combination ol 
seic'iitist and ])hilosopher. His remarkable hook 
“Science and Hypothesis” was lranslatc*(l into 
English in 1905; and the reader who nro])osc‘s 
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attempt to answer the root question of 
chemistry, which is the question of the 
nature of matter, wo must turn to the study of 
those very units of which atoms arc composed. 

The Ultimate Units of Matter. VVe are 
now quite familiar with tho Beta rays of radium 
and other bodies, and we arc able to assert that 
they constitute the ultimate units. The Gamma 
rays we may ignore, since we believe them to con- 
sist merely of an ethereal wave motion like light 
and the Rontgen rays [see Physics | ; nor need we 
concern ourselves with the Alpha “ rays,’’ since 
wo are now learning to call them Alpha particles^ 
and believe that they arc really atomic and 
made up of the same constituents as the Beta 
rays themselves. 

We may therefore concentrate ourselves en- 
tirely upon the constituents of the Beta rays. 
Thei^ Bxe the ultimate units of ‘matter. What 


to plumb to their dejiths the problems to which 
he has been introduced in this and its com- 
panion course will do well to acquaint himself 
with M. Poincar/^s thinking. On page KiS 
(English translation— the Walter Scott F’ub- 
lishing Co., Ltd.) IVJ. Poincare says: “It is 
true that in the electrons the electricity is sup- 
ported by a little — a very little— matter ; in 
other words, they have mass.” That is all 
that can be obtained on this j)articular )»oint 
from this remarkable volume, but physicists 
have advanced since those words were written. 
Is it really the fact that th(j electricity of the 
electrons is supported by even a very little 
matter ? It is certainly tho fact that these 
electrons or corpuscles have mass, and, writing 
now a decade, ago, M. Poincar6 assumed, as 
everyone did assume, that wherever there was 
mass there was matter. 
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“The £nd of Matter.** The question 
now, however, has taken a new form. Is it 
necessary to assume the existence of anything 
but electricity in order to explain the known 
jiiuss or inertia of the electron or negatively 
electrified corpuscle ? Are its mass and inertia 
anything more than electrical mass and elec- 
trical inertia ? M. Poincar6 himse'lf contributed 
an article upon it, in his brilliant French, to 
“ The Athenaeum.” He called that article by 
the sensational title “ I^a Fin de la Matu re ” 
(The Fnd of Matter). It consisti^d of a nuJisterly 
summary of the most recent work, the probable 
conclusion of which was that wlien sufficient of 
the mass and inertia of the electron have been 
allotted to satisfy the demands of electricity, 
there remains none whatever to be allotted to 
matter. Hence, M. Poincare ventured to speak 
of the “ end of matter.” The root question of 
chemistry is the nature of nuitter, which has been 
regarded as an ultimate since men began to think, 
and the naturt^ of which has been a subject of 
speculation for nearly three thoiisand years ; 
and the answer of contemporary science is that 
matU^r is not an ultimate at all, but is a form of 
electrical phenomenon. 

The author of a volume which has now become 
famous L'Evolution do la Matiere — has 
coined the phrase ” the demat(‘rialisation of 
matter.” Both this book and M. Poincare’s 
“La Science (*t rHypothese ” arc published in 
the “ Bibliotheque de J’hilosophie Scientifique.” 
Both have been translated, but an' much 
})referable in the original for the reader of 
French. As Mr. Balfour lately put it, ” matter 
has not been merely explained, but explained 
away.” We must impure into this. 

The Fate of the Electron. A few pages 
back we raised the question, in dis(;ushing the 
doctrine of the conservation of matter, as to the 
fate of electrons. It was ] joint (‘d out that we 
can no longer assert the doctrine of the con- 
servation of matter to be true “ in the same 
breath tis that which serves us to say that nega- 
tive electrons are shot out from unstable atoms 
such as that of radium, and ga whither ? Do 
they disappear ? Are they annihilated ? Are 
they dissolved into ether, the ‘ mother of 
matter,’ or are they conserved as such ? ” Now, 
what help does M. Gustave Le Bon afford ? 
In the following paragraphs we shall freely 
paraphrase from M. Le Bon (French edition, 
1905, page 292, etc.). 

It looks os if the last term in the dematerialisa- 
tion of matter wrere the other, into the bosom of 
which, so to speak, the negative electron shot 
out from a decomposing atom is plunged. What 
is the fate of the atom of electricity — the electron 
or negatively electrified corpuscle — after the 
dissociation of matter ? Docs it remain eternal, 
when matter no longer exists ? If it retains its 
identity, for how long does it do so ? And if not, 
what becomes of it ? It is scarcely conceivable, 
and is certainly quite improbable, that these 
electrons retain their identity. They must lose 
their individual existence and" di^ppear. “ Such 
is, without doubt,” says M. Le Bon, “ the ultimate 
fate of the electric atom (the electron). When 
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it has radiated all its energy it vanishes in the 
ether and is no more.” 

The Last Stage oi Matter. Further- 
more, M. Lc Bon points out that in the course 
of the movements of electrons and their loss 
of energy various forms of vibrations of the 
ether are observed, such as the Hertzian waves, 
radiant heat, visible light, invisible ultra-violet 
light (to which wc may add the Rontgen rays). 
The nature of all these is the same. “ They 
are comparable to the waves of the ocean, 
which differ in size alone. 1’hcse ethereal vibra- 
tions, always accompanying the electric atoms 
(electrons), very probably represent the form 
und(‘r which they vanish in radiating their 
energy.” “ Thus,” says M. Le Bon, “ the 
electron, having its own individuality and a 
definite and constant mass, must constitute the 
last stage but one in the disappearance of matter. 
The last will b(‘ represented by tin* vibrations of 
the ether — vibrations possessing no more p(‘r- 
manent individuality than tin* waves which are 
formed in water when one throws in a stone and 
which soon vanish.” 

The last cpiestion, or almost the last, is this : 
How, exactly, can W(‘ cronceivo of the transfor- 
mation of thi‘ electron into ethert'al vibrations ? 
Thcu'c are numy (considerations whicli conduce to 
the belief that thc'sc ultimate particles may be 
compared to whirlpools thus, the vortex atom 
thc'ory of Lord Kelvun may wc'll remain, though 
transferred from the* atom to the eli^ctron. “ The 
question, then, reducc'S itself to this : How can an 
eddy, or vortex, formc'd in a fluid, disa])pear in 
this fluid wdiilc ])roducing wavers in it ? Thus 
stated, the* problem is intelligible^. In fact, ono 
sees easily (‘nough how an eddy formed in 
liquid is able, when its erpnlibrium is troubled, to 
vanish while radiating the energy which it con- 
tains under the form of waves in the medium 
which surrounds it. ’ It 'is in this fashion, for 
instance, that a waterspout formed in a liqpid 
vortex loses its individuality and disappears in 
the ocean.” We cannot do better, than quote 
from the paragraph with which iVL Le Bon closes 
this section of his book. 

The Atom*s Secret. It is, without 
doubt, so also with the ethereal vibrations. They 
represent the last iword in the dcniaterialisa- 
tion of matter, that which precedes its final 
annihilation.” 

And in taking leave of him wc may also quote 
the final paragraph of his book : 

“ It is in this atomic universt^, of which the 
nature was so long unknown, that we must 
seek the explanation of the greater parteof the 
mysteries which surround us. The atom, which 
has not the eternity allotted to it by ancient 
beliefs, derives its power otherwise than from the 
properties of indestructibility and immutability. 
It is no longer an inert something, the blind 
sport of universal forces. On the contrary, it 
creates those forces. It is the veritable soul of all 
things. It holds in check energies which arc the 
mainspring of the world and of its inhabitants. 
In spite of its insignificent minuteness, the 
atom, perhaps, holds all the secrets of infinite 
greatness.” C. W. SALEEBY 
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The Changing Fortunes of Bohemia, Poland, Lithuania, and 

IHipscovY* The Advance of the Ottomans, Mongols, and Turks. 

POLAND, RUSSIA, AND THE TURK 

YP/E now turn from South-eastern to state of flux, and neutral inlcimcdiate 
™ Central Europe, which, as early as provinces like Moravia, Silesia, Lusatia, 
the seventh century, seems to have been Styria, and Carinlhia, all of them Slavonic 
peopled by numerous branches of the lands originally, were perpetually changing 
Slavonic family, but of these only the hands, bi'longing by turns to Bohemia, 
two principal ones, the Czechs and the Hungary, and Poland, till tlic German 
Poles, need here occupy us. Jn the middle clement, as represented ]>y tlie Hapsburg 
of the seventh century we find the Czechs dukes, grew strong enough to sub- 
located in the modern Bohemia, and ordinate the scattered Slavonic elements 
owning some loose allegiance to Charles everywhere and altogether, 
the Great. From Germany also they Bohemia was saved from actual absorp- 
received their Christianity about 814. lion partly by her strong natural frontiers, 
the traces of the earlier mi.ssion of Cyril a bastion of mountains protecting lier on 
and Methodius having vanished irretriev- tliree sides, and partly l^y the extra- 
ably ; and till 973, when the bishopric of ordinary vitality of her Slavonic popula- 
Prague was established, the vast Boliemo- tion. this was notably the case during 
Moravian realm, which then extended as the Hussite Wars, when the Czechs became 
far as the modern Galicia, was ecclesi- a terror to all the surrounding states. At 
as tically part of the diocese of Katisbon. a later day the Czechs .sui)plied Central 
Bohemia was never able to found a Europe with its finest mercenar es— the 
permanent Slavonic state in Central so-called zsebraks, 

Euroj)c. German influences were too \\^e possess no certain historical data 
potent and too close at hand, and, besides, relating to Poland till the end of the sixth 
cis already mentioned, the intrusion of the century. It would scc'in tliat the pro- 
Magyars cut her off from her natural genitors of the Poles, originally established 
allies, the southern and eastern Slavs, on the Danube, were drivem tlumce to the 
German proximity was not, indeed, an still wilder v ildernesses of Central blurope, 
umnixed disadvantage. To it Bohemia settling finally among the forests and 
owed her relatively superior culture — the morcisses of the basin of the Upper Oder 
first German university was actually and Vistula, wJiere they dwelt in loosely 
founded at the Bohemian cai)ital, Prague, connected communities till tin' pressure 
in 1349 — more than once, especially of rapacious neighbours compelled them 
during the brief but brilliant domination to combine for mutual defence under the 
of the Premyslida' (1197-1278), rose, by semi-mythical Piast and his succc.ssors. 
means of it, to an unlooked-for degree of The Piasts wrested Chrobacya, a province 
grandeur. But she was rarely more than extending from the Carpathians to the 
one of several competing states of almost Bug, from the shadowy Moravian empire 
equal strength, which were for ever already mentioned. Under Miszko I. 
confederating against any neighbour which (962-992) Poland nominally accepted 
might happen, temporarily, to be a little Christianity from the Greek Cduirch, but 
the stronger. was reconverted by the Koman Church at 

Matters were also very complicated instigation of Boleslaus I. (992-1025), 
by dynastic amalgamations. Thus, the order to obtain the protection of the 
Hapsburg dukes were frequently kings of Holy See against the persistent pressure 
Bohemia as well as emperors of Germany, fbe Germans from the west, 

while Hungary and Bohemia were more Boleslaus was also the first Polish king, 

than once united under the same sovereign, and he founded an empire whicli extendcfl 
to the serious detriment of both. No from the Baltic to Volhynia, and from the 
wonder, then, if the politics of Central Elbe to the Bug. This empire persisted 
Europe, from the thirteenth to the in its main outlines till the death of 
sixteenth century, were in a continual Boleslaus III. (1102-1138), whose last act 
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was to subdivide .his teiTitorie./3 .amo^ his 
numerous sons, who* re-subdivided them Among 
their children. “ This partitional period,” as* it* 
is called, 'lasted* till 1305, during which period 
Poland ceased to be a political entity. ' -By tha 
time that the |<ingdom was reconstituted by 
Wladislaus Lokicick (1 300-^1 339)i the Teutonic 
Order had excluded Poland from the Baltic, 
and a new state, Lithuania, had intervened 
between her and her ancient neighbour, Russia. 

The Lithuanian Monarchy. The 

Lithuanians, an Aryan but not a Slavonic race, 
originally dwelt among the impenetrable*- forests 
and morasses of the Upper Kiernen, where they 
were able to preserve their original savagery 
longer than any of their neighbours, and foster 
a tenacious and enterprising valour which made 
them very formidable to all the surrounding 
states. They first emerge into the light of 
history at the time of the settlement of the 
Teutonic Order in the north. Rumours of the 
war of extermination waged against their near 
kinsfolk, the wild Prussians, by the Knights 
• first awoke them to a sense of their own danger. 
They immediately abandoned their looser com- 
munal system for a inonurchical form of govern- 
ment, and under a series of exceptionally capable 
princes, notably Mendovg (1240-1203) and 
Gedymin (1315-1341), began an astonishing 
career of conquest, so that, at the death of 
Gedymin, the grand-duchy of Lithuania, as it 
was henceforth called, extended from Oourland 
to the Carpathians and from the Bug to the 
Dniester, including the old^ Russian principalities 
of Polock, Kiev, and Chernigov. 

The Downfall of the Teutonic 
Knights. Poland tand Lithuania were natxir- 
ally drawn together by their common fear and 
hatred of the Germans, sentiments even strong 
enough to bring about a personal union of the 
two autonomous states under the Lithuanian 
Grand Duke Jagiello, or Jagellon, who took the 
name of Wladislaus IT. on the occasion of his 
baptism and coronation at Cracow in 1380. 

The cardinal political event of East Central 
Europe during the next century was the duel 
d outrage between Poland-Lithuania and the 
Teutonic Order. Ultimately decided in favour 
of Poland,' it was, nevertheless, but a half- 
victory, for while the Knights were compelled 
to relinquish their grip on the modem Gourland, 
Samogitia, and West Prussia, they were per- 
mitted, as the yassiils of Poland, to retain 
possession of the modem East Prussia, or Ducal 
Prussia, as it was now called, when, in 1525, 
the last Grand Master of the Order b^ame the 
first Duke of Pmssia, with his capital situated 
at KOnigsberg. 

European Ignorance of Kuasia. 

This partial triumph was duo entirely to, the 
foresight and tenacity of the princes of the House 
of Jagiello, who steadily recognised that unifica- 
tion, and the possession of a' seaboard, were 
the ossehtial conditions of the maintenance and 
stability of the! Polish commonwealth. But in; 
the meantime the existence of another vast state 
in the depths of the Polish hinterland was barely 
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jjujSpectGd in Western Eurpi)e much before the 
end of the' fifteenth century. Muscovy may be 
iKiid to have been discovered, about the same 
time as America, by a German traveller, Ritter 
i^iklas von Poppol, , whb, in I486, brought to 
Vienna the strange tidings that North-eastern 
Russia was not, as generally supposed, a part 
of Poland, but a vast independent state even 
larger than Poland. Yet the beginnings of the 
Russian empire had been far more brilliant in 
promise than those of the Polish kingdom. 

The Ups and Downs’ of Early 
Russia. While the progenitors of the Poles 
were struggling in their native swamps, the 
progenitors of the Russians were alternately the 
adversaries and the allies of the Greek emperors 
of the East. As early as the tenth century the 
court of Yaroslav, the son of Vladimir the Great, 
was renowned throughout Europe, as much for 
learning as for splendour, and the kings of. 
France, Hungary, and Norway were suitors for 
the daughters of the grand duke of Kiev. 

But after the destruction of Kiev by the 
Tartars evil days fell upon “ the land of the 
Rus.” The current of the national life was now 
forced to flow north-eastwards instead of follow- 
ing its natural south-western course as hereto- 
fore. It was in the rnde climate and among 
the vast virgin forests of the plain of the Upper 
Volga that the Russian princes, cut oft from 
Western civilisation, began, painfully and labori- 
ously, to build up again the Russian state. 
For generations to conu^ they were the tribu- 
taries and the vassals of the Tartar khans. 
Nor (lid their own hands deliver them. 

It was the victories of the Lithuanian princes 
which compelled tlu^ Tartars somewhat to relax 
their grip on South-western and Central Russia, 
and the provinces so released fell, naturally, to 
the victors. Thus it came about that by the 
time the northern princes had CvStablished a fresh 
centre of nationality and orthodoxy under the 
leadei'ship of the patient and strenuous grand 
dukes of Moscow, at least one-half of the old 
Russian lands, with their Ortluxlox Slavonic 
pbpulation, had become part of Lithuania, a 
foreign state, and, still worse, the ally and 
consort of Catholic Poland. 

Russia as ** a Geographical Expres- 
sion. ” In fact, from the end of the foi:irteenth 
to the middle of the eighteenth century the 
term “ Russia ” is merely a geographical ex- 
pression with various significations. As used by 
the Poles) it invariably moans the woiwody, or 
palatinate, of Red Russia, which ext^ncled, 
roughly speaking, from the watershed of the 
Upper Vistula to the watershed of the Pruth. 
As used by* the Musoovites, it meant all those 
Russian lands outside the actual limits of the 
grand duchy of Moscow, which the grand duke 
claimed as the descendant of Vladimir ; that is to 
say. Black Ruasia, Red Russia, Little Rus^a,' and 
White Buss^ by far the^l^er portion 6f which . 
had been incorporated either with ; Lithuania 
or with Poland. Hence the peculiar si^fi- 
oanoe of the coveted title Sovereign AU 
the Bussias.” 
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The Part Played by the Tsars. 

The highest encomium which the old Muscovite 
chronicles could bestow upon a prince in tlioso 
miserable days of anarchy and dispersion was 
to describe him as a “ sobiraUl,'’' or “ gatlierer,” 
of the provinces which, taken together, formed 
the original heritage of the Russian people. All 
the old Muscovite grand dukes and Isars from 
Ivan I. to Ivfin IV. (1328-1584) wen* more or 
less successful “ gatherers of land. Thf*y were, 
generally speaking, a stealthy, crafty, (iowardly 
race. Indeed, personally they seem cont<‘inpt- 
ible by the side of the heroic and sagacious 
rulers of contemporary Poland. The means such 
men enif)loyed to gain their end were almost 
necessarily base and vile in the extreme, but 
the end invariably aimed at— the unification 
and civilisation of Russia — was indisputably a 
high one ; and whatever their vices, patriotism, 
the high(‘st virtue of a statesman, cannot be 
denied to the worst of tluun. 


paralysing Tartar yoke, she could do little more 
than harrow and vex the Lithuanian borders. 
The inevitable antagonism between, the two 
peoples was exacerbated by the determined 
attempts of IMuscovy to gain an adequate sea- 
board on the Baltic, on the collapse of the 
Livonian Order, and the equally determined 
efforts of Poland to [)revent her rival from 
becoming wealthier and more civilised by means 
of maritime (commerce and free intercourse with 
the west of Europe. 

Russia Ready for European Ex- 
pansion. By this time Muscovy had dealt a 
mortal blow at the Tartar domination. The 
overtlirow of the khanate of Kazan by Ivan 
the Terrible, in 1652, was, perhaps, no very 
extraordinary exploit from a fairely military 
point of vi(‘w ; nevertheless, politically, it was 
an epoch-making event in the histoiy of Eastern 
Europe. At Kazan. Mohammedan Asia had 
fought b(‘hind its last trench against Christian 
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Moreover, they wen? })opular, for they stood 
between the pcopk; and the j)eople's secular 
oppressors, the official classt's. f^o far as their 
arm could reach, the people were protected, and 
rough justice was generally done, 'rims, on the 
whole, it is no hyperbole to declare that what- 
ever of glory and prosperity she may possess, 
Russia owes it almost entirely to the initiative 
of her autocrats. 

Polish and Russian Rivalry on the 
Baltic. In the very nature of things, the 
history of Poland and Muscovy was bound sooner 
or later to resolve itself into a struggle for the 
possession of the alienated Orthodox Russian 
provinces. At first, however, this struggle was 
desultory and intermittent. Other questions 
more immediately urgent postponeil the final 
settlement. Poland could not give proper atten- 
tion to the Muscovite question, still of but 
secondaiy importance, so long as the Prussian 
incubus thwarted and crippled her nearer homo ; 
while till Muscovy had freed herself from the 
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Europe marshalled beneath the banner of the 
Tsar of Muscovy. Nothing could now restrain 
the natural advance of the young Russian state 
towards the cast and south-east. 

A New Menace to the Moslem World. 

Throughout the crusading era, the twelfth and 
thirteenth centuries, Islam had not been a 
menace to Christendom. The Western, not the 
Eastern powers, were the aggressors ; though 
had Saladin been succeeded by another Saladin 
a different situation might have arisen.**^' The 
East continued to be divided, and even in the 
beginning of the thirteenth century, a few years 
after 8a|adin^s death, the khalifate was threat- 
ened by a new and terrific power which 
was not Moslem at all. Before the year 1200 
the mighty warrior Temujin, better known by 
the title he assumed of Genghis or Zenghis 
Khan, had united under his own leadership 
vast hordes of the nomad Mongolian or Tartar 
tribes of Central Asia, in regions lying beyond 
the sphere of the khalifate. 
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The Conquests of Genghis Khan, on the news of the death of the Great Khan. 
Genghis Khan was of the same race and the the hea<l of ti\o whole (joufederacy, the armies, 

same typo as Attila the Hun. Huns and without any other apparent reason, rolled back 

Tartars were destroyers, not organisers, but over South Russia to the Ste))pos, the regions 

they were terrible fighting men. And when the borderland of Europe and Asia. They 
Genghis Khan had crushed all rivals he set out hsid absolutely annihilated all )»rospect of 

on a career of conquest, accompanied wherever progress among the Russians, who remained in 

he met with resistance by the most fearful a condition of disorganised subjection to them 

massacres. His armies swept East and We.st. for several centuries. 

He conquered Northern Ohina and burst into Egypt’s Resistance to the Mongol 
Persia. He broke southward thiough the ]m8ses Raids. Under another of their cliiefs of the 

into the Punjab, but stopped his course of royal House, Hulagu, they found an exeuse in the 

conquest in that direction in order to iurn again second half of the thirteenth century for attack- 

to the Far East. A few years after his death, ing the khalifate, and finally i)utting an end to 
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in 1227, the Mongols were masters of China, 
which fell to one of his children, Khubla Khan, 
a great ruler whose name has been made familiar 
by Coleridge’s poem and whose glories were 
made known to the Western world by the groat 
traveller Marco Polo. 

The Tartar Overthrow of Russia. 

But the Chinese Empire was only a part of the 
vast Mongol dominion. Before the middle of 
the thirteenth century the Tartars vrero pouring 
over Southern Russia and Eastern Europe. 
In 1240 they destroyed Kief, and in 1241 they 
wiped out a force of Germans and Poles n^r the 
borders of the German empire at Liegnitz. 
They turned their erratic course into Hungary ; 


the A bbasidc dynasty after sacking Baghdad and 
massacring its inhabitants. To the Western 
world it seemed for a time possible that the 
Mongols might be useful allies against Islam. 
But the tide of their advance was unexpec;tedly 
checked. The Mongol army jHiured into Syria 
and advance<l against Egypt, where a Fatimidc 
khalifate had been established. But the defcn(ic 
was undertaken by the Mamelukes, the hands of 
slave soldiery formed from the children of 
deported populations. Thci Manrieluke captain 
annihilated the Tartar force ; and from thence- 
forth Egypt remained under the control of the 
Mamelukes, who for more than two centuries 
set up or deposed one or another of their captains 
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who ruled for a time. But throughout the 
continued anarchy the Mameluke army remained 
supreme, defiant of attack alike from the East 
and from the West. 

The Rise of the Ottoman Power, As 

in the time of Attila, the Mongol tide rolled back 
again out of Western Asia. One element among 
the forces which turned them back was the 
resistance offered to them by the kingdom of 
the Seljuk Turks in Tconium, the east of Asia 
Minor. The strength of that resistance had 
been mainly owing to the help received by the 
Scljuks from a horde of their own Turkish 
kinsmen who came down into Asia Minor 
through Armenia, The leader of those Turks 
was'Othman, who was established by the grateful 
king of Iconium in a virtually independent princi- 
pality, with the result that the Osmanli. or 
Ottomans as they are commonly called in 
England, became the dominant Turkish power. 
By 1340 the Ottomans had torn practically all 
but a strip of Asia Minor from the Oreek empire. 

The Ottoman Tribute of Slaves. The 
successes of the Ottomans were largely due to 
an instit\ition created by Othman’s successor, 
Orchan. Moslem conquerors had the one fixed 
principle of compelling the conquered either to 
accept Islam or to pay tribute. Orchan exacted 
the tribute in the form of slaves. Ev«'ry district 
was required to hand over annually a number 
of boys. Those boys were either trained to 
arms and enrolled in the body of “ Janissarie.s.*’ 
or else were trained to employment in ad- 
ministration. All of them being absolutely 
under the control of the Sultan, he had at his 
command an incomparable body of troops and 
administrators absolutely at his service. 

Ottoman Aggression In Europe. In 
1354 the Ottomans for the first time seized and 
occupied at Gallipoli a position in the European 
territories of the Greek dominion. Within a 
few years they had captured Adrianople, which 
became the centre from which they gradually 
extended their dominion. Western Eurotie, 
engaged in its own politics, left the East severely 
alone, unmoved by the progress of the Crescent ; 
and the Ottomans gradually made themselves 
masters of the Danube provinces. In 1300 
Bajazot I. became sultan, and overthrew a great 
combination of the Slavonic states which 
attempted to resist his advance ; and even the 
emperor at Constantinople was compelled to 
pay him tribute. His recalcitrance, however, 
caused Bajazet to lay siege to Constantinople, 
but the Sultan was called away to face the 
incursion of a new conqueror from Central Asia, 
Timur or Tamerlaine the Turk or Tartar, who 
was emulating the career of Genghis Khan. But 
Bajazet was defeated and taken prisoner by 
Timur at the battle of Angora in 1402. This 
blow to the Ottoman power weakened its 
aggressions for half a century. 

The Revival of Ottoman Power. The 
Western world was disposed to regard Timur 
much as it had regarded the Mongols a century 
and a half before. But the Tartar host dis- 
persed again when Timur died. Within twenty 
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years the Ottomans had shown their power of 
recuperation and were re-establishing their 
European dominion. Still, when the Sultan 
Amurath again attacked Constantinople, in 1452, 
he was beaten off with heavy loss. Again, 
however, Constantinople preferred a practical 
submission to a desperate defiance ; the Otto- 
mans turned their arms against the Slavs and 
Hungarians, who, in the forties, under the 
leadership of John Hunyadi, inflicted upon them 
severe defeats, liberated Servia and Bosnia, and 
com}3elled the sultan's assent to the annexation 
of Wallachia to Hungary. The tables were 
turned again, however, when the over-confident 
Christians repudiated the treaty and attacked 
the Ottomans. Their forces were routed, and 
Servia and Bosnia were annexed by the sultan. 

The Siege and Fall of Constantinople. 

In 1451 Amurath was succeeded by his son 
Mohammed Jl., who immediately prepared for 
the final subjugation of Constantinople. The 
feeble emperor John had been succeeded by 
his heroic brother Constantine, who was deter- 
mined to defend the imperial city to the last 
gasp. He attempted to gain the friendship of 
the Western powers by a reconciliation with the 
Western Church, which only served to arouse 
the bigotiy of his own Greek subjects, who 
would render no whole-hearted support to a 
lierctical emperor, or an emperor v/ho would 
make terms with heretics. From the West no 
aid was forthcoming save from Venetians and 
Genoese, who provided th^j real strength of the 
garrison of Constantinople. The siege opened 
in the spring of 1453. A Genoese flotilla broke 
through the Turkish fleet and carried supplies 
into the beleaguered city. But this was the 
last success. On the 29th of May the Moslems 
stormed the walls and carried them. Con- 
stantine fell, fighting heroically at the head of 
his garrison ; the Turks sA^ept in. Constantinople 
had fallen. Within ten years the whole of 
Greece and the Balkan ]ieninsula were prac- 
tically under the sway of the Turkish sultan. 

The Supremacy of the Turks in the 
Levant. A splendid resistance to the Turks had 
been offered in the years before the fall of Con- 
stantinople by the valiant and patriotic Albanian 
chief who is immortalised under the name of 
Scanderbeg. But after the death of that hero 
the subjugation of Albania was merely a question 
of time. The maritime vigour of Venice enabled 
her to retain by treaty some of her possessions 
in the south of Greece, and the trading con- 
cessions which had been made to her by the 
Greek emperors in Constantinople. But vir- 
tually the whole of the iEgean passed to the 
possession of the Turk. Nor was Mohammed 
contented with his European conquests. As 
much of Asia Minor as had hitherto remained 
independent of the Ottoman power was brought 
into complete subjection ; and then he seized 
and garrisoned Otranto. Still for a time the 
advance was stayed by his death. His suc- 
cessor Bajazet II., who lived till 1512, was the 
least vigorous member of his dynasty, and 
Otranto was again evacuated. 
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Tools and Implements. Hand and Mechanical Labour. 

Barrow and Waggon Handling. Details of Tipping. 

RAILWAY EARTHWORKS 


T he earthworks of a railway usually account 
for about .a fourth or a fifth of Iho total cost 
of construction, 1 1 is here that the greatest scope 
is afforded for skilful and experienced manage- 
ment. One who contracts to build a railway 
will usually be found to succeed or fail according 
to the ability with which he effects the shifting 
of the earth. 

The actual conditions under. which a railway 
is built are never ideal. However typi(’al th<^ 
situation may be, untoward circumstances 
always interfere with whatever arrangements 
may have been made to build in a preconc(‘ived 
manner that aims at theoretical perfection. 

Tlic builder of a railway mu.st, therefore, 
be resourceful in expedient, and liis arrange- 
ments must be elastic. Make.shifts are his 
standby, his main equipment, as a practical 
man. One who knows only how to proceed 
by perfectly correct methods is s!in». to come 
to gri<*f ; and although it is impossible to ex- 
pound the infinite variety of mak(*shifts, we 
shall not follow the usual [dan of omitting the 
description of mak(‘shift devices. 

Strength of Earthworks. Earth gives 
way by reason of the particles of which it 
consi.sts sliding past each other. This is pre- 
venUid in two ways : first, by any adhesion 
which raay‘ol)tain between the particles, and 
secondly, by friction. It must bo remembered 
in this connection that solid rock, wherever met 
with, is included in the general meaning of 
earthwork as well as ordinary clay, marl, loam, 
and such soil. In the case of solid rook the 
force of cohesion is, of course, sufficient to 
preserve the work in almost any form that may 
be given to it ; though it must be noted that 
rocks have joints and fissures, and that the 
material may slip where these occur. 

With ordinary earth the force’ of cohesion 
may also sometimes be considc;rable ; but 
seldom, if ever, can it be relied upon as a t)er- 
manent factor in the preservation of the work. 
It is in all cases greatly diminished by the 
presence of water, though often assisted by a 
moderate amount of moisture ; and certain 
clays, though hard and stiff enough when first 
excavated, become soft and pasty by mere 
exposure to the atmosphere. 

Natural Slope. The only force that can 
be relied upon for the permanent preserva- 
tion of earthwork is the friction between the 
particles composing it. This is sufficient to 
Jmarioiain ^ cl an earthwork at a uniform 
slope, whose inclination to the horizon is the 
angle of repose, or angle whose tangerU is the 
coefficient of friction. 


This angle differs, of course, for every kind 
of earth, and is so variable that tables or in- 
formation obtained from books should never 
be trusted to determini’ the slope at which the 
side of an earthwork should be made. In every 
ea.se observation should he taken of existing 
earthworks constructed of the same rnaU’rial, 
or, in default of these, the greatest inclination 
of the natural surfai^e of the soil in the locality 
may prove an even more satisfactory guide. 

For the purpose, however, of obtaining a 
general idea of the behaviour of materials most 
commonly found, the following table may be 
consulted. The first column shows the greatest 
height in feet at which the material can be 
expected to stand temporarily. The second 
column shows the greatest angle at \vhieh it can 
be relied upon to remain permanently in re[>ose: 




I. 


i 

ir. 


(’lean dry sand and 


Ki'ot 


J)e«ri 


gravel 

! 

0 


30 

to 

45 

Moist sand . . . . i 


to 

5 I 

3() 

to 

45 

Ordinary surface soil . . j 

;i 

to 

() 

25 

to 

40 

(.\)mmon clay 

9 

to 

15 

30 

to 

40 


Getting. 1’b«‘ word (jfttimj is commonly 
used to mean the removal of earth from its 
natural position, to tranH[)ort it in the manner 
and to the place required by the exigencies of 
railway construction. 'J'he mere getting of 
earth is most economically i*ffectcd by means 
of a steam navvy. The steam navvy, nowever, 
can be made to work in an economical and satis- 
factory manner only when it can he used against 
a sheer face of earth. Hence, as in most eases 
where a cutting of earth is to be begun, the 
earth begins to rise gradually, and in many 
cases very gradually, the dei>th of the 
cut being at the beginning but slight, so 
that a good deal of work has to bo done first of 
all by hand labour. 

Whatever rccoiir.se may be had to machinery, 
there is always a great deal of hand labour 
required in the shifting of earth for railway 
construction. The imst of this by itself amounts 
to a considerable sum, the amount of which is 
entirely determined by the skill with which the 
work is arranged. The main feature of good 
management is to insure that all hands are 
always fully engaged, and that under no cir- 
cumstances have men to wait while their work 
is in preparation. 

Implements. The suitability of the tools 
for the work is also important. Even the 
common and well - known pick, unless it be 
adapted to the work in hand, will involve an 
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anneocssaiy expenditure on labour. There are 
three kinds of pick in common use ; those 
most favoured are A and C in 1. In getting 
stilf earth the pick is used a great deal as a 
lever and is very liable to break at the junction 
of the handle with the steel. For this reason 
the pick A is most suitable under these 
conditions ; but that indicated by C is more 
suitable for all-round general work, and is most 
favoured by workmen. The ])ick B is most 
convenient for work that is level under foot. 
It will be recognised as that most frequently 
seen in the hands of workmen mending macadam- 
ised roads. It is a common plan in America to 
plough the land before putting the men on ; 
the object of this is to loosen the surface soil, 
thus avoiding the use of the pickaxe at all. 
Such a method is, of course, only applicable 
where the depth to be obtained is very slight, 
as, for example, occurs in cases where it is 
considered desirable that the surface soil should 
be removed before commencing an c^arthwork. 

Shovels and Spades. Two kinds of 
shovel are required, and they are illustrated 
in 2. They are not of uniform size, the 
dimensions varying from 12 in. 
by 10.J in. to 14 in. by 13 in. The 
main "difference between them 
is that B is provided with 
treads — that is to say, an extra 
piece of metal is placed on the 
top of the blade where the 
navvy places his foot to drive 
the shovel into the earth. These 
treads lengthen the life of the 
shovel, especially when used for 
digging in hard soil ; but for 
shovelling earth into barrows or 
carts, the treads are superfluous 
and, by adding to the weight of 
the implement, cause an appreciable increase 
in the labour of using it. 

A spade, including* the handle, should not 
w'cigh more than about lb. The earth, after 
being detached in manageable fragments by the 
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pick is placed by means of shovels into either 
wheelbarrows or small carts, except where the 
cutting is sufficiently adyimoed for men to be 
able to throw the eartii immediately into 
waggons running npoia the rail. The lattcHr plan 
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is adopted directly the gullet — as the advancing 
cut into the hill is called — is 4 ft. or 5 ft. 
deep, provided a proper iip-head is prepared. 
The use of this latter terra will be fully explained 
when we deal with the subject of tipping. 

Wheel- 
b arrows. 
The great 
point in the 
design of a 
wheel- 
barrow is 
the distance 
of its centre 
of gravity 
when loaded 
from the 
lino joining 
the point of 

contact of the wheel and the ground to the 
handles. If ibis be too great, the workman will 
find a difficulty in balancing it, and the effort 
to keep it steady will diminish his daily out- 
put of work. The distance in question should 
certainly not exceed 12 in. 

Hand Labour. A wheel- 
barrow of serviceable size is 
shown in 3. The men who use 
picks are called pick-men or 
getters ; those who use a shovel 
arc called jlllers ; and when 
wheelbarrows are used the men 
wheeling them are called 
wheelers. The number of getters 
must be carefully proportioned 
to the number of fillers, and 
the number of these to the num- 
ber of wheelers, so that the 
different grouj>smay not have to 
wait for each other. The propor- 
tion of getters to filFers dtq)ends upon the nature 
of the soil. In comparatively new earth an equal 
number of each will generally keep everyone 
employed. In a stiff clay, however, one filler 
will clear away the getting of two pick-men. 
Only by experience can a suitable relation be 
obtained. The proportion of the number of 
wheelers to the number of fillers depends upon 
the lead — that is to say, upon the distance 
over which the earth has to bo wheeled. As a 
general rule, it takes as long to fill an ordinary 
barrow as to wheel it along a plank for 
100 feet. This, however, onlv holds good if the 
plank bo level. If the earth must be wheeled 
up an incline, every foot of increase in the 
level must be reckoned equivalent ft. on 
the level plank. The lead should be so ar- 
ranged that under no circumstances have 
loaded barrows to be wheeled up an incline 
greater than 1 in 12, otherwise the workmen 
will not be expending their strength in an 
economical manner. 

Barrow Work. When earth haa to 
be transported in barrows a greater distance 
than one wheeler can go while a filler is filling 
the barrow, the lead is divided into two, or a 
greater number of* parts, as the case may re- 
quire. These parts are commonly refmed to 
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as runs. Where the runs meet, the planks 
are laid double for a short distance. Thus, 
in 4 the barrow A is being filled, while the 
barrow B is being wheeled away full. When 
the barrow B has reached the position B*, it will 
bo left there, and C, the empty barrow left by 
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the second wheeler, will bo taken back to be 
refilled by the first. The second wheeler, mean- 
while, having placed the empty barrow I) ho 
is now taking back in the old position C, will 
take on the barrow B from its position at Bk 
In the figure the barrows are shown turned in the 
direction of movement ; but the English labourer 
does not so turn his barrow, but trundles it 
behind him when returning with it empty. 

The Steam Navvy. As soon as a cutting 
has been pushed forward by hand labour suffi- 
ciently far into tlie hill to give an approximately 
vertical face about 12 ft. high, 
a steam navvy fseo page JL5061 ~ 

may usually be in- 
troduced with econ- 

oiny, and all further ' 

getting, filling, and 

barrow work, except that 

ri'ipiired for iriTnming the slopes — that is to 

say, bringing them to their ultimate profile — 


the capacity of the bucket should not exceed 
1 cub. yd., and may have to be even loss in order 
to reduce the liability to accidents. The nmnbcr 
of strokes or digs that can bo elTected in an 
hour is between 50 and 70, and the average Is 
about one a minute, allowing for all the delays 
involved in moving forward the machine and 
in laying fresh rails, etc. This gives approxi- 
mately f)00 bucket-loads per day of 10 hours. 

' Under fairly favourable conditions a steam 
navvy \vill excavate a cutting 20 ft. deep, 50 ft. 
w’itlo at the top and 40 ft. wide at the bottom at 
an avoi’age rate of 8 lineal yd. per day. As to 
the cost, it is to a great extent a matter of wages. 
The macliino requires a 'wheelman, a fireman, 
a man at the top, a ganger, an engine-driver, and 
eight other men to allow for handling the waggons 
and for shifts, so that altogether the cost of 
getting and tdearing away the earth with the 
help of the steam navvy is about £5 a day in 
England. 

Manner of WorKing. To ensurp that 
the machine shall be kept working at a maximum 
output, careful attention must be given to the 




6. RAILWAY CU’TTlNa WITH A STEAM NAVVY 


is done by its means. 

'Ihe steam navvy enables (piicker progress 
to be made than is possible by hand labour, 
however great a number of men may be available 
for the work, since it is impossible to get more 
than a certain number of men at work upon a 
face of earth at the head of a cutting ; and 
by means of the steam navvy the earth is 
excavated very much more quickly than it could 
be by this maximum of men. Its use relieves 
the contractor of the nt;cessity of getting io- 


provision for getting rid of the excavated earth 
'I'he most elTective way is to provide double 
roads, one on i‘ach side of the raaohini*, and 
braiK’hing out from a central road. Immediately 
b(‘hind the machine these roads should bo con- 
nected by two short crossover lines [5]. 

A line of empty waggons is kiqit on the central 
roa<l between the two side linos, and on each 
si<le of the lim^ of waggons is a man tending a 
horse, by the help of which an omiity waggon is 


gether so large a number of men, and of 
housing or otherwise providing for them in 
out-of-the-way districts. It further renders _ 
the contractor or constructor of the railway in ““ 
a great measure independent of strikes in this 
department of his business, so that less time 
is lost in disputes about wages. Thus, when 
a steam navvy has once been got fairly to _ 
work in excavating a railway cutting, it may 
generally be relied on to continue at a uniform 
rate of progress until the excavation of that 
cutting is complete. 

Output of the Steam Navvy. The 

output is, of course, greatly dependent upon 
the nature of the earth. For hard stuff a 
small bucket must be used. But in most cases the 
bucket attached to the steam navvy may be of 
1^ cub. yd. capacity, and in loose earth or sand 
a bucket of or even IJ cub. yd. may be used 
with advantage. The most disadvantageous 
material to work is stiff clay containing large 
itoncs and occasional boulders. In such cases 



brought forward from the lino on tlie central 
track over the short crossover line and alongside 
the machine. As soon as a waggon i.s filled, it 
is run back along the branch, another empty 
waggon meanwhile having been brought up 
alongside the other side of the machine from the 
central track. Thus the empty waggons are 
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continually being removed from the central track 
and passed (filled) into the branch line. Each 
engine bringing a train of empty waggons pushes 
them up the central track and leaves them there ; 
it then goes back and passes on to the branch line 
to take a load of full waggons out of it. 

The short crossover lines immediately behind' 
the steam navvy have to be continually moved 
forward as the steam navvy works its way through 
the cutting. It will have been noticed that only 
empty waggons are passed over them, and under 
these circumstances it is not surprising that the 
roughest makeshifts are found to be economical. 

Waggon Provision for the Navvy. 
A common arrangement^ is shown in 6, 
the details of which are taken from actual 
practice. The waggon is supposed to be 
going in the direction indicated by the arrows. 

The front right wheel comes first into contact 
with the block of wood 1 at A in the drawing. 
This block is shaped like a wedge. The flange 
of the .wheel of thcw'aggon rplls up this 
wedge until the bottom of the flange is 
on a level with the top of the rail. 

Further progress at A is then checked, 
while the left wheel rolls round B, 
coming up a similar inclined plane to that already 
dcscribctl at A, because the rail it has to mount 
is at a higher level than that it m\ist leave. To 
prevent the wheels making off bodily to the 
right and leaving the line, block 2 is placed at B 
•to keep the flange in position. Both the blocks 
2, 2, at A and B now help to divert the w heels so 
that they drop down upon «a crossover line 
with a jolt. It will be seen from 6 that 
according to this arrangement the jib of the 
steam navvy has to be swung round a minimum 
distance at each stroke, the earth obtained by 
each sweep being delivered on its own side. 
I’he gullet thus made may be run to a depth of 
as much as 30 ft. in loose ground, but the most 
economical depth is 25 ft., because at this 
depth the machine has just reach enough 
to make the cutting of standard size for 
an ordinary two- line railroad of the usual 
gauge. It is in 
making the cutting 
very much nar- 
rower or very much 
broader than this 
that extra trouble 
is involved. When 
the cutting is nar- 
rower there is not 
room for a line of 
waggons on each side ; 
the navvy is unable 
the 


Getting the WaMoiiR into Position. 

In working along a side face, as in the case 
just described, there are two ways of getting 
empty waggons into position. first, a train 
can be drawn up alongside the navvy, and each, 
truck as it is filled can be pulled backwards 
by the locomotive, so as to bring the next 
one to the right position for receiving the 
contents of the bucket. This method has the 
advantage of quickness, and eliminates the loss 
of time alluded to. In practice, however, it is 
not found satisfactory, except in the hands of a 
very skilful engine driver, and with a better 
U^ack than is commonly laid for the waggons. 
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and when it is broader, 
to reach both sides at 
same' time, and, consequently, after being 
run forward as far as the circumstances allow, 
it must he brought back again and set to 
widening the cut by excavating on one side of it 
alone. While so working only one waggon at 
a time can be placed in position for loading, and 
the consequence of this is that there is loss of 
time in changing the waggon, since it requires 
less time for the navvy tc» nil its bucket than for 
the filled waggon to be moved and an empty one 
put in its place. 
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Under ordinary circumstances, the engine-driver 
will fail to move the train just the requisite 
distance for bringing the succeeding truck into 
the right position to be filled. The steam navvy 
will then possibly miss a truck, the movement 
having been too great, or a great deal of earth 
may be spilt upon the track because the bucket 
cannot be brought properly over the misplaced 
waggon. 

I’he second method is to store the empty 
waggons behind the navvy, very much in the 
same way as was described in 5, though there 
can be only one branch line. Of course it is 
not 83 convenient, but on the whole this method 
is more often used than the formed. 

Cutting in 
Clay. In cutting 
a very hard and 
tenacious clay it is 
make the cutting deeper 
than 30 ft., although with loose earth 
30 ft. is not very deep. The reason 
of this is that in digging loose earth, 
although the bucket may not bo able 
to get near the top of the cutting, 
yet, while digging underneath, the 
upper part falls down; whereas in a 
hard clay, the digging underneath 
might proceed for 5 ft. or 6 ft. into the 
face before the earth at the top gave way, when 
it would be likely to fall in a mass and injure some- 
thing in falling. Where the cuttinj^ is of excessive 
height for only a short distance, it is expedient to 
loosen the earth at the top by means of we^es 
over this distance, so that only small quantities 
shall fall at a time. The work will involve the 
employment of several men, and is very liable to 
lead to accidents. It is only when the distance 
in question is too short to make any alteration 
in the scheme for excavation expedient that it 
should be resorted to. The alternative k tp 
take out the earth in two layers. 




The Steam Navvy’s Work. The 

steam navvy leaves the side slopes nearly per- 
pendicular towards the top, especially when 
the cutting is deep, and these have afterwards 
to be trimmed to the proper profile as requirc'd 
for the railway. Tlie most economical iiutthod 
of trimming is put into practice immediately 
after the navvy has moved on, or at least before 
the earth has slipped dowm. Fig. 7 shows the 
form in which the side of the cutting is left hy 
the navvy. It will be seen that the earth is in 
an unstable condition, and that its fall is only a 
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qtiostion of time. Hence, if the Hlo|)es are 
trimmed immediately after the navvy has left 
them — that is to say, before the earth has 
fallen — much labour will be saved, since the 
workmen have the force of gravity in their 
favour ; whereas, aftcT it has slipped down, they 
must throw it up .again, and usually into railway 
waggons, which is a high throw. 

As shown ill 8, galleries should be made along 
the side of the cut, so that the earth is 
always thrown downwards, and wheeled along 
planks as shown, and emptied into waggons 
alongside. 

Obstacles to Steam Navvy Work. 

One of the chief obstacles to the use of a 
steam navvy in settled countries like our own 
arises from the number of bridges which have 
to be constructed over the line. These may 
amount to five, or even ten per mile, and 
frequently have to bo built in trenches before 
the cutting is made. The steam navvy, in such 
circumstances, cannot be passed beneath it 
without being taken to pieces, involving great 
labour and loss of time. In excavating a stiff 
clay a further objection is found in the condition 
of the excavated earth. This will consist chiefly 
of large lumps, 8 cub. ft. in size, and fragments 
thereof. When the earth is tipped to form an 
embankment, the large lumps €ul roll down to 
the bottom and form the base of the 
bank, the effect of which is to cause 
an undue amount of subsequent con- 
traction. This difficulty is discussed 
more fully under the head of tipping. 

Blasting. When the earth to 
be excavated is too hard to yield to 
the pick, the assistance of explosives 
must be obtained. Slow- burning explosives, of 
which gunpowder is the type, are most suitable 
and economical for soft, tough rock, such as are 
composed of indurated clays ; while detonating 
explosives of the dynamite order are best suited 
to hard; brittle rocks, like trachyte. Patent ex- 
plosives consisting of mixtures of these two ex- 
plosives are often more powerful than either. 
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blasting required for railway work does not ap- 
preciably differ. 

Tipping. Earth is either tipped or filled 
in order to be got rid f>f or for some ulterior 
u.seful purpose, of which the formation of an 
embankment is the principal. In cases where 
such an cmhanknuml is too far removed from 
the site of the excavation, or where, for any 
other rca.son, it is inconvenient to use the 
excavated earth for tli(' purpose' of forming an 
embankment or any other railway work, the 
earth must he lipped upon waste land purchased 
for the purpose, producing what is known as 
a spnitMank. 

M’here are two 
methods by Avhich an 
emhanUnuail may he 
tilled in the coristrue- 
tion of a railway. The first is by dc'positing the 
earth in layers about I ft. ihiek, and panning ^ or 
ramming^ it thoroughly after eaeli layer is de- 
posited. limning, or ramming, consi.sts of 
allowing a heavy weiglit to fall upon tlie eartb 
from the lu'ight of about 1 ft., to whieh height 
it is raised by hand, the man using a staff 
attached to the weight for that })urpo8e. 
process is expensive, the cost being approxi- 
mately equivalent to IJth as nnicli as that 
involvefl in loading th(* earth into barrows. 
This mc'lhod is, n(‘verth»*le.ss, used in depositing 
the earth over culverts and in the proximity of 
bridges and similar op(*nings. 

The other method of tipping the earth is to 
allow it to fall frbm the waggon or the vehic^le 
in which it is conveyed from the full height 
of the embankment which is being form(^l. 
This is a much easier, more convenient, and a 
less oxf)ensivo method of woiking. It has 
the advantage also of In'ing viTy much more 
expeditious. 

An embankment con.striicted in this manner 
may Ui either tipped to its full width at once 
by using two lint s of way, or, when the work is 
requirwi to be pushed quickly ahead, a single 
line may be used for a short distantie ; but it 
will lx? seen from the following description that the 
single line cannot be made to go very far ahead. 

Single Tip-head. The arrangement of 
lines for a single tip-head, as it is called, is as 
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follow's [9]: The engine first of all drags its 
train of loaded waggons, which it leaves at A 
in the figure, the lino being hero doubled to 
allow a space in which they may stand. All 
the waggons are then detached from one another 
and from the engine. The truck nearest the 
engine is then reattached to it, not by means 
of the ordinary coupling, but by means of a 
hook which can be detached by the engine- 


An account of the use must be sought for under , — - ' mu 

the head of Explosives. The ordinary methods driver or stoker on pulling a string, engine 

of blasting are explained under Mining, and the now proceeds with this full truck behind it, 
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and moves towards the tip by way of the lines 
marked B. But before it reaches B the waggon 
is detached, and the speed is regulated so that 
the waggon following the engine, in virtue of 
the velocity already obtained, comes to a stop 
of itself, and is left at B. The engine, which has 
been proceeding towards the tip, now reverses, 
and returns to A by passing along the lines 
marked C. At A it picks up another fall 
waggon, and this it proceeds to leave at li by 
the same method as before ; but on this occasion, 
in passing towards the tip along the lines 
marked B, it comes in contact w’ith the former 
waggon which had been left at this spot. This 
it now pushes towards the tip-head. It is not 
attached to the waggon in any way, it simply 
pushes it forward. This is done with a 
suhicami velocity to cause the waggon 
to reach the extremity of the 
tip at a speed of from four 
to six miles an hour. 

The engine is stopped 
by putting on the 
brakes shortly before 
the waggon readies tlu* 
tip-head^ as the extremity of the tip is calked. 
The contents of the waggon having been emptied 
at the tip-head, the engine again comes forward, 
the emptied waggon is attached to it, and the 
engine proceeds with it at a moderate speed 
along the lines marked C. Here it again detaches 
itself and increases its velocity, so that it gets 
ahead of the w'aggon and passes along the lines 
marked A, there to ])ick up another full waggon. 
In the interval the points at X have been altered 
so that the empty waggon following the engine 
is directed on to the line marked 1), where all the 
waggons, afUn* taang emptied, are ultimately 
stored, by continuing the cycle of opt*rations 
already described. The engine then passes along 
the lines marked A, enters the lim; marker.! D 
at the other end. and the train of empty waggons 
can be made u]), to be carried back 
to the site at which excavation is pro- 
ceeding in order to be. 
refilled. 

It will be seen from 
the figure that three 
points are required, at 
X and Y and Z ; but 
the points at X are the 
only points tliat require the attendance of a 
man, or rather a boy, to o|HTato them. Those 
at Z may be operated by a weight in such a way 
that wheels passing from right to left are 
always directed along the lines marked C, while 
those moving in the opposite direction open the 
points for themselves, the pressure of the flange 
being sufficient to raise the weight. The points 
at Y can be managed in the same manner, the 
weight being arranged so as to direct all wheels 
moving from left to right along the lines 
marked B. 

Double Tlp«head, The arrangements 
for a doMt tip-head^ as a tip-head with two 
lines of way is usually called, are simpler [10]. 
The waggons arrive at A, and are left there as 
before* %ing detatohed from each other as 
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already described. The engine, then picl^g . 
up the truck first to hand, gets up sufficient 
speed to enable the waggon to reach the tip-head 
by its own velocity. This must, of course, be 
done quickly, for the engine must detach itself 
and, proceeding at a greater speed, pass on to 
the lines marked B, leaving time enough for 
the points to be altered before they are reached 
by the waggon following it, so that the waggon 
shall pass^ on to the line marked 0 with sufficient 
speed to reach the tip-head and be tipped. 

The engine then returns, and, picking up 
another waggon, sends it to be tipp<Hl along the 
lines marked B in an exactly similar manner, 
while the engine itself, proceeding along the 
line marked C, there picks up the waggon 
previously tipj^ed, and, quickly get- 
ting up a velocity on its way back, 
detaches itself from the wag- 
gon and moves on to the line 
marked A, leaving the 
empty waggon behind 
it to follow at a suffi- 
cient distance to allow 
the points to bo altered 
so as to direct it on to the lines marked D, and 
with sufficient velocity to carry it up to the line 
of empty waggons standing there. In this ar- 
rangement it will be seen from the figure that 
only two sots of points are required, both of 
which, however, require manual operation. 

Side Tipping. .By means of a double 
tip-head an embankment may be tipped at once 
to its full width — that is to say, the necessity 
for tipping over the side of the embankment 
may be avoided. This method of tipping earth 
is very simple, though spccnal waggons are 
required. Tliese waggons are called side- tip 
waggons, and where it is desired merely to widen 
an embankment it is necessaiy only to bring a 
train of them on to the embankment, when 
are all caused to tip their contents out 
sideways. This means, however, is not 
so satisfactory, in spite of its simplicity 
and economy. The objec- 
tion consists in the fact that 
earth has always a ten- 
dency to slip in the 
same direction in which 
it falls from the waggon, 
and if, for any reason, 
the widening of an embankment by side tipping 
is not completed until some time after the 
first work has bcK^n made, it is possible that 
the earth subsequently deposited may never 
become securely united to the previously tipfied 
earth. The effect of heavy rainfall under these x 
circumstances may be to cause a very serious 
slide in the earth of the embankment, and 
perhaps a grave accident. 

Tipping Embankments of Various 
Widths, In tipping an embankment for a 
single line of way the width at the top is generally 
much narrower than is necessary for the support 
of the permanent way to be subsequently built ; 
on the other hand, the earth falls down from 
the waggons from which it is tipped at an angle 
very much steeper than will provide for 
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necessarv stability of the permanent earthwork. 
Under these circumstances it is usual to tip an 
embankment which is formed under these con- 
ditions considerably higher than it is intended 
ultimately to be. The surplus earth at the 
top will then be available for easing the slope 
at the side, as shown in 11, in which the full lines 
show the profile of the embankment as at first 
formed, and the dotted lines as subsequently 
shaped. 

In tipping a bank for two lines of way, it is 
best to keep the two tip-heads at a good distance 
apart, as shown in 12, so that at the top the bank 
is at first much broader than is required. The 
full line in the figiire shows the profile of the 
embankment as at first formed,, and the dotted 
linos show the profile as finally shaped. The 
triangle between the two heads is best filled 
by running a single tip-head in a lino between 
the two former tip -heads. 

Embankments on Sidelong Ground. 

In 11 and 12 the level of the earth upon which 
the embankment is tipped has been shown 
level. This, of course, is seldom the case, and 
if the slope of the ground in the sidelong direction 
is considerable it will be necessary to bench it, or 
cut it into steps f 13 |, which should be sloped longi- 
tudinally for drainag€\ in order that the earth 
tipped upon it may get a firm hold upon the 
ground. Sometimes, especially in America, a 
better union between the (iarth and the ground 
is sought by i^loughing the latter before com- 
mencing the embankment. 

Fig, 14 shows a common way of forming an 
embankment on sidelong ground. The full lines 
show the form in which the earth was first tipped, 
and the dotted lines its ultimate shape. That part 
of the section numbered 1 was tipped first by 
means of a single tip-head, and this formed a 
toe to the main part of the embankment num- 
bered 2, which was subsequently deposited by 
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means of a double tip-head. The bank is 
subsequently widened if necessary by side 
tipping, forming that part of the embankment 
numbered 3. 

High Embankments. When the embank- 
ment to be formed is very high, say 30 or 40 ft., 
it is usual to tip it in two loads ; this is of special 
importance when the excavation is effected by 
the help of a steam navvy. This machine, when 
working in stiff ground, brings out the earth in 
very large lumps, and when the waggons are 
emptied at the tip-head the largest lumps are 
those which roll down to the bottom of the slope. 
The embankment therefore advances upon a 
laprer of very large lumps of soil, having a bulk 
of perhaps as much as 20 oub. it. The higher 


Is 


the bank the thicker will be this layer of largo 
lumps, and unless they arc broken up by hand 
as the embankment is made, the inter- 
stices loft between them will bo of 
considerable amount, and will 
cause tlio bank to contract 
and settle down for a long 
time after it is complekHi 
*By tipping the em- 
bankment at two 
different levels 
this disad- 
vantage 
is very 
consider- 

ably di- steps for embankment 

minisbed. 

The Act of Tipping. The act of tipping 
or emptying the contents of the waggon over the 
tip-head requires some description. The waggon, 
as has been described, comos forward towards 
the tip-head with the velocity it has acquired 
from the engine before the latter has been de- 
tached. As it comes forward, a loop of chain is 
allowed to trail behind it, and immediately before 
the waggon reaches the tip this chain is caught 
by a large hook placed between the rails for that 
purpose. The hook is attached to a hawser, the 
other end of which is anchored into the bank 
some way behind the tip. The obj(ict of this is 
to prevent th(5 waggon from falling over the 
slope of the tip, as it would be liable to do if it 
reached it with an excess of velocity. The w aggon 
is ordinarily checked by a number of slccpcTs 
piled up at the very extremity of the railway. On 
coming against these, the catches wduch fasten tlu* 
body of the waggon to the frame are knocked up 
by the men at tlio tip-head, and then the forward 
velocity of the waggon is sufficient to cause the 
body to fall over and empty its coiltcnts down 
the slope. The men then pull the body back to 
its former position and refasten the catches. 

Returning the Waggon. Sometimes 
the waggons are design(5d so that the body 
falls back of itself to its old position after 
its contents have been tipped outr. The 
men must detach the hook fiom the trailing 
chain, and connect the waggon w^itli the 
engine, which then comes forward to draw it 
away. The sleepers piled up at the tip-head to 
check the waggon have wrought-iron handles at 
each end to enable the men to move them about 
easily. They have to be constantly moved as 
the work of the embankment advances, and are 
placed contiguously on the earth where the rails 
end, so that the waggon runs upon them as it 
leaves the rails. The waggon, of course, is not 
allowed to leave the rail unless it can be helped ; 
but the embankment, it must be remembered, is 
constantly advancing, and the rails cannot be 
advanced in very short lengths. The sleepers are 
therefore laid in an upward curve, where the 
rails end, bringing the waggon to a stop, and 
causing it to run back again upon the rails. The 
sleepers are cut up very rapidly and destroyed by 
the flanges of the wheels, but they may bo 
protected by iron. 

R. W. WESTERN 
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Richardson, Fielding, Smollett. Notable Novels and Women 
Novelists .before Scott. A Further Study In English Prose Fiction. 


THE NOVEL AND ITS CREATORS 


Samuel Richardson. Tho “ literature 
of the drawing-room,” which Lyly began, was 
humanised by Samuel Richardson (b. 1689 ; 
d. 1761), who may be called the father of tho 
domestic novel. As a lad he was the confidant 
of the young women in the neighbourhood of 
his homo in Derbyshire, the whereabouts of 
which, for some obscure reason, he successfully 
concealed. He read and wrote their lovc- 
lethsrs for them, which accounts in some 
measure for his extraordinary success as a 
writer, chiefly for women, in the later years 
of his life. At the age of twf)score and ten, 
when he was a printer in Salisbury Court, 
Fleet Street, and possibly, it is suggested, after 
he had road Marivaux’s “ Vie de Marianne,” 
as translated and continued by Mme. Riccoboni 
(1736), Richardson — who knew no language 
but English — was induced by two bookseller 
friends to take up tho task of writing a book of 
“ Familiar Letters on the Useful Concerns in 
Common Life.” He was doubtless engaged in this 
work when he became acquainted with the story 
which inspired his first nov(‘l, “ Pamela ; or. 
Virtue Rewarded” (1740), although the latter 
was published several months before tho 
“ Familiar Letters.” “ Clarissa Harlowe ” fol- 
lowed, in 1748, and “Sir Charles Grandison,” 
in 1753. These three works form, as Professor 
Raleigh has remarked, a kind of trilogy, 
dealing res[)octively with humble, middle-class, 
and high life. 

Richardson’s Characteristics. Rich- 
ardson’s adoption of the epistolary style was at 
once condemned by Fielding, but, though 
Fielding’s protest was well grounded, the method 
had its advantages, and is sometimes adopted 
even now. Perhaps the greatest obstacle in the 
way of a popular a])])reciation of Richardson 
today is his prolixity ; and anot her drawback is 
his passion for moralising. Still, as Mr. Dobson 
says, he ” must always find readers with the 
students of literature. He was the pioneer of 
a new movement ; the first certified prac- 
titioner of sentiment ; the English Columbus 
of the analytical novel of ordinary life. Before 
him, no one had essayed in this field to describe 
the birth and growth of a new impression, to 
show the ebb and flow of emotion in a mind 
distraught, to follow the progress of a passion, 
to dive so deeply into the human heart as to 
leave — in Scott’s expressive words — ‘ neither 
head, bay, nor inlet behind him until he had 
traced its surroundings, and laid it down in his 
chart, with all its minute sinuosities, its depths 
and shallows. ’ Added to this there was something 
in his nervous, high-strung, constitution — a 
feminine streak, as it were — which made him 
an unrivalled anatomist of female character.” 


To be perfectly frank, wc find ourselves unable 
to urge Richardson upon the general reader. 
Tho abnormal length of his novels, their sluggish 
movement, their lack of real dramatic action, 
their mawkish sentimentality — these are defects 
enough to encourage the dust upon them. Lot 
anyone who has not yet attempted to follow 
the adventures of “ Pamela,” one of the least 
attractive females in the whole realm of fiction, 
or the “ impossible ” story of ” Clarissa Harlowe,” 
or the soporific and interminable history of “ Sir 
Charles Grandison,” make the attempt and 
decide for himself. For the student of eighteenth 
century life, however, the novels of Richardson 
contain much that is invaluabhs as the l^lle 
printer could certainly observe and portray 
character as he saw it. 

Henry Fielding. Richardson’s relations 
to his great contemporaries were thus happily 
and humorously indicated by Andrew Lang : 
” Richardson was a woman’s novelist, as Fielding 
was a man’s. T sometimes think of Dr. Johnson’s 
saying, ‘ Claret for boys, port for imm,’ and, 
smiling, ‘ brandy for heroes.’ So one might 
fancy him saying, ‘ Ricliardson for w^omen. 
Fielding for me, Smollett for ruffians,’ though 
some of tho latter writer's rough customers were 
heroes, too.” 

Two years after “ Pamela ” was issued there 
apptaiH'd ” The History of the Adventures of 
Joseph Andrews and his F’riend Abraham Adams, 
Written in Imitation of the Manner of Cervantes, 
Author of ‘ Don Quixote.’ ” In this work Henry 
Fielding (b. 1707 ; d. 1754), bn’rrist r, journalist, 
and playwright, essayed a satire and achieved a 
masterpiece, just as (kuvantes himself had done. 
The Parson Adams of the story takes rank in 
the gallery of the heroes of English* fiction with 
Goldsmith’s Dr. Primrose — just as Sophie 
Western sits with tho daughter of the Vicar of 
Wakefield. The History of Tom Jon(?s, a 
Foundling,” appeared in 1749; “Amelia,” in 
1751. The “ History of the Late Mr. Jonathan 
Wild the Great ” was published among his 
“ Miscellanies,” in 1743. Thackeray, whose out- 
look on the world was similar to Fielding’s, has 
said of him : “He may have low tastes, but not 
a mean mind ; he admires with all his heart good 
and virtuous men, stoops to no flattery, bbors 
no rancour, disdains all disloyal hearts, does his 
public duty uprightly, is fondly loved by his 
family, and dies at his work.” 

The Place of Fielding. As a literary artist, 
if not as a reader of the human heart. Fielding 
has a place above Richardson, and Sir Walter 
Scott styled him the “Father of tho English 
Novel.” Ho is a humorist, which Richardson 
is not. His knowledge of life is wide, his 
sympathies are catholic, his humour is of tho 
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rarest vintage, his style is like the vigour of a 
spring morning, and his constructive faculty 
is classical. “ There could,** says Professor 
Raleigh, “be no better school for a novelist 
than is aiforded by the study of Fielding’s 
plots.** Those who have reacl their Gibbon 
will not need to be reminded of the following 
tribute of the historian to the novelist : “ The 
nobility of the Spensers has been illustrated 
and enriched by the trophies of Marlborough, 
but I exhort them to consider the ‘ Fairy 
Queene,’ the most precious jewel in their 
coronet. Our immortal Fielding was of the 
younger branch of the Earls of Denbigh, who 
drew their origin from the Counts of Habs burgh, 
the lineal descendants of Eltrico, in the seventh 
century Duke of Alsace. Far different have 
been the fortunes of the English and German 
divisions of the family of Habsburgh ; the 
former, the knights and sheriffs of l^eic.'ster- 
shire, have slowly risen to the dignity of a 
peerage ; the latter, the Emperors of Germany 
and the Kings of Spain, have threatened the 
liberties of the Old and invaded the treasures 
of the New World. The successors of Charl(‘s 
may disdain their brethren in England, but 
the romance of ‘ Tom Jones,’ that exquisite 
picture of humour and manners, will outlive 
the Palace of the Escurial and the Imperial 
Eagle of Austria.’* 

That is eloquent praise and not exaggerated. 
Fielding is soeurely a classic ; his novels are as 
charged with life today as when they first 
won the admiration of his contemporaries. 
Dr. Johnson considered “ Tom Jones ” vicious, 
though he was fascinated by “ Amelia ’’ ; but 
if the former great novel is too indulgent to the 
frailties of man, it is an open question whether it 
may not bo so and yet reni ;in a work of sounder 
morality than Richardson’s “ Pamela,” in which 
we are supposed to witness “ virtue rewarded,” 
but a brand of “ virtue ” that will not bear 
analysis. Fielding has created a crowded gallery 
of memorable characters — a true test of the 
novelist — and student and general reader alike 
must read him, though neither will need com- 
pulsion to the task. 

Sterne. In addition to Fielding, three other 
novelists are included among Thackeray’s repre- 
‘sentative humorists of the eighteenth century. 
Ill the case of Laurence Sterne (b. 1713; d. 
1768), however, a distinction is made with which 
most modem readers will agree. The distinction is 
that Sterne is a great jester rather than a great 
humorist. “ He fatigues me with his perpetual 
disquiet and his uneasy appeals to ray risible 
or sentimental faculties. He is always looking 
in my face, watching his effect, uncertain whether 
I think him an impostor or not ; posture-making, 
coaxing, and imploring me.** The author of 
“The Life and Opinions of Tristram Shandy, 
Gent.** (1769-1767), and “ A Sentimental 
Journey through France and Italy ** (1766) owed 
much, doubtless, to an acquaintance with the 
works of Rabelais and Cervantes and Burton’s 
“Anatomy of Melancholy*’ (1621), but, as Mr. 
Birrell has said, “ Sterne is our b^t example of 
the plagiarist none dare make ashamed.” 


Careless, usually, of his grammar, he can on 
occasion find the “ only word.” He is ribald, 
but not salacious. As a sentimentalist, ho may 
be — ho is — tedious and tiresome. His morals 
may be bad, but one doubts with Coleridge if 
they can do much more harm to anyone who was 
not bad enough before. 

Smollett. “ The Hogarth of English 
Letters ” is a phrase applied to Tobias Smolhstt 
(b. 1721 ; d. 1771). Like Fielding, Smollett 
cotniuands respect because ho was a hard 
worker. He had “ the very deuce ” of a temper, 
maybe, but he sustained many hard, unkindly 
blows of ill-fortune. He was a stout and manly 
hearted Scotsman. Professor Masson includes 
“ The Adventures of Rtxlcrick Random ” (1748), 
“ The Adventures of Peregrine I'iekle ” (1751 ), and 
“ The Expedition of Hum])hrev (Jlinkor ” (1771) 
with “ Joseph Andrews ” ami Tom Jones ” 
as “ novels as nearly as amusing as any we 
have.” In them, ho says, “ for the first tim<^ 
British literature possessed compositions making 
any approach, in breadth, bustle, and variety 
of interest, to that form of literature, always 
theoretically possible, and .of which other 
countries had already bad specimens in ‘ Don 
Quixote ’ and ‘ Gil Bias * — the comic prose 
epic of contemporary life.” In tlie novels of 
Fielding and Smollett is rei>resented the kaleido- 
scope of life, whereas Richardson keeps the 
attention more intimate with the fet'lings of his 
‘chief characters. One of Smollett's assets is his 
Scotticism ; and though “ Boderick Random ” 
and “ Peregrine Fickle ” should cease to be rciul, 
Scotsmen, in the opinion of Professor Masson, 
“ would still have an interest in preserving 
‘ Humphrciy Olinker.’ ” Like Fielding and Sterne, 
Smollett was a creator of types, but his own lift' 
affords a singular contrast to that led by some of 
his literary crealions. 

Goldsmith. Of Oliver Golosmith (b. 1 728 ; 
d. 1774) it has been said that 
jmerisqm might have been his approj)riate aiul 
uncontested motto. His one novel, The Vicar 
of Wakefiold,” written though it was with a 
moral motive akin to that which induced 
Richardson to write “ Pamela,” is a work that 
stands alone. “ There are a hundred faults in 
the thing,” says the author in his preface, but, 
as it has been wittily observed, a hundred things 
might pli\jisibly be said to prove them beauties. 
The “ charming prose idyll of dear Irish Goldy “ 
may be described as both highly improbable and 
as intimately true to nature. 

Written in 1761, “The Vicar of Wakefield” 
was not published till 1766. Professor Raleigh, 
who cites its admirable comedy as perhaps its 
highest merit, makes a veiy striking comment in 
his reforenoo to this work : “ The story of its 
discovery by Johnson, as told in Boswell, is 
ono of the best known and most characteristic 
passages of Goldsmith’s life. The picture of 
Goldsmith, arrested for debt, changing the guinea 
sent him by his friend for a bottle of Madeira, 
helpless and angry, while a completed novel, 
which sold at the first offer for sixty pounds, lay 
written in his desk, has often been employed to 
illustrate the improvidence of authors. It might 
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bo bettor used to illustrate the prudence of an 
author who was an improvident man. No one 
over drew a firmer line between the works he 
wrote to last and the compilations that his 
necessities extorted from him than was con- 
sistently drawn throughout his life by Oliver 
Goldsmith. It did not occur to him to expect 
fame from his histories, political or natural . . . 
As little did it occur to him to treat his carefully 
wrought original works as so much merchandise, 
or a SO]) for the bailiff, and perhaps Johnson’s 
kindly offices prevented ‘ The Vicar of Wakefield ’ 
from receiving its full share of the correction 
and ])olish that Goldsmith bestowed on all his 
best work.” 

Minor Novels before “ Waverley/* 

Among the other novels which precedcnl “ Waver- 
ley ” (1814) must be named “ The Adventures of 
David Simple,” by Sahau Fielding (b. 1710 ; 
d. 1708), the sister of the author of ” Tom 
Jones”; “The Female Quixote” of Ghar- 
LOTTE Lennox (b. 1720; d. 1804) ; “The His- 
tory of Rass(*las, Prince of Abyssinia,” which 
.Johnson wrote in 17.50, partly to jjay for his 
mother’s funeral and ])artly in answer to the 
witty libertinism of Voltaire’s “(jamlidc” ; the 
“ Arundel ” and “ Henry ’’ of Kkjjiard Gum- 
rkhland (b. 17,32; d. 1811), an imitator of 
Fielding ; “ Ghrysal ; or, th(^ A<1 ventures of a 
(Uiinea,” by Giiarles .Johnstone (b. 1719 ? 
d. 1800 ?), whose vein was chiefly satirical, and 
whose (]uarry was ])olitieal and domestie vice;* 
“ The Man of Feeling ” and “ Julia do Ro«ibign6 ” 
by Henry Mackenzie (b. 174,5; d. 1831), a 
follower of the sent imental methods of Sterne ; 
“ The Gastle of Otranto,” a “ Gothic Romance,” 
by Horace Walpole (b. J717; d. 1797), who, 
as Professor Masson says, did something to 
remind Rritish r<*aders that “ there ha<l been a 
time in thc'- world when men lived in castles, 
believed in tlie devil, and did not .lake snuff or 
wear powdiTed wigs ” ; “ The Old English 

Baron” of Glaua Reeve (h. 1729; d. 1807). 
whoso crude style suei*eeded where that of 
WaI])oIe faih^d ; “ The Romanei? of the Forest,” 
“ The Myst«*ries of Udolpho,” and ” ThC Italian ” 
of Ann Radcliffe (b. 1729; d. 1807), tho 
originator of the mysterious and fascinating 
blackguard in fiction —a truly Protean creation ; 
“ Hennsprong ; or, the Man as He is Not ” by 
Robert Bade (b. 1728 ; d. 1801 ) ; “ Tho Monk ” 
of Matthew Gregory Lewis (b. 1773; d. 1819); 
the “Zeliico” of Dr. John Moore (b. 1729; 
d. 1802) ; the “ Vathek ” of William Beck- 
yoRi> (b^l759 ; d. 1844) ; f.ho “ Caleb Williams ” 
and “ Fleetwood ” of William Godwin (b. 17.56 ; 
d. 1836), one of the first English writers to 
utilise the novel for political purposes ; “ A 

Simple Stoiy ” and “ Nature and Art ” by Mrs. 
Inchbald (b. 1763 ; d. 1821) ; the “ Old Manor 
House ” of Charlotte Smith (b. 1749 ; d. 1808) ; 
“ Tho Fatal Revenge ” and “ Mel moth the 
Wanderer,” by Charles Robert Maturin 
(b. 1782; d. 1824), who possessed an almost 
uncanny power over tho treatment of the super- 
natural ; “ Adeline Mowbray,” by Mrs. Opib 
(b. 1769: d. 1863); the “Children of tho 
Abbey ” of Regina Maria Roche (b. 1764 ? 
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d. 1845) ; and last, but not least, the “ Rosamund 
Gray ” of Charles Lamb (b. 1775 ; d. 1834). 

There is scarcely a novel we have named 
that is not worthy of the attention of tho 
student, not always for its own sake but as a 
contribution to the growth of English fiction. 

Four Great Women Novelists. Before 
“ Waverley ” was published, four lady novelists 
had written works which attained a higher level 
as novels than ])erh 9 p 8 any named in the above 
group. Fanny Burney, Madame d’Arblay 
(b. 17.52 ; d. 1840), in “ Evelina ” and “ Cecilia,” 
had treated character with all the realism of Ben 
tfonson without the coarseness of that writer’s 
dramatic “ humours.” To quote Mr. Austin 
Dobson, “ ‘ Evelina ’ marks a definite deviation 
ill the progress of the national fiction. Leaving 
Fielding’s breezy and bustling highway, leaving 
tho analytic hothouse of Richardson, it carries 
the novel of manners into domestic life, and 
prepares tho way for Miss Edgeworth and the 
exquisite parlour pieces of Miss Austen.” 

Maria Edgeworth (b. 1767 ; d. 1849), whose 
delightful (jharacter finds eloquent expression in 
“Gastle Rackront ” applied in her work a neodefl 
correctives to the jiassion for the weird and 
horrible romances wliich Mrs. Radcliffe, “ Monk ” 
Lewis, and otlu'rs had made so popular, but 
wliieh was to be aroused again in 1817 by the 
“ Frankenstein ” of Mary Shelley. Miss Edge- 
worth’s Irish tal(\s inspired tho patriotic novels 
of Sir Walter Seott. 

The Genius of Jane Austen. Jane 
Austen (b. 1775 ; d. 1817) wrote six memorable 
novels — “ Sense and Sensibility ” (1811), “ Pride 
and Prc'judice ” (18J2), “ Mansfield Park ” (1814), 
“ Emma ” (1816), “ Northanger Abbey ” ,(1818), 
and “ Persuasion ” (1818) — all of which, together 
with Fanny Buimey’s “ Evelina ” and “ Gecilia,” 
are frequently ro])rinted today. Macaulay sug- 
g(?sted. Professor Goldwin Smith has adopted, 
and Profesor Raleigh looks favourably upon, a 
comparison between Jane Austen and Shake- 
Hpean'. This is derived partly from tho abso- 
lutely impersonal character of her works. She 
tells us nothing about herself, and she is oblivious 
of I he ha]>penings in the great world beyond her 
own circle. She is a satirist minus indignation ; 
hers is tho quiet irony of the cultured mind ; her 
subtle humour is only audible to tho cultured ear. 
To study her books is to. be given a series of 
invaluable lessons in ihe art of observation and 
in precision of detail. Miss Austen’s method 
was appreciated by Scott. “ The big bow-wow 
strain I can do myself, like any now goiog,” 
said Sir Walter “ but the exquisite touch 
which renders ordinary commonplace things 
and characters interesting from the truth of 
the description and tho sentiment is denied 
me.” Miss Austen supplies a faithful picture 
of tho English country life of her period. 

Jane Porter (b. 1776; d. 1860) wrote two 
novels that still retain a certain measure of 
popularity, “Thaddeus of Warsaw” (1803) and 
“The Scottish Chiefs” (1810). Both are emi- 
nently readable ; and they entered a field which 
so far had been untrodden, the field of historical 
romance. J. A. HAMMERTON 
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Clerical and Operative Posts in the Navy Department. The Coastguard 
Service. Customs and Excise Officers. The Government Laboratory. 

ADMIRALTY AND REVENUE POSTS 


Asaiatant Clerka in the Navy. Youths 
who covet a sea life, but who are not able 
to undergo the long, expensive training exacted 
of budding naval olTiccrs, should turn their 
attention to the limited competitions for 
assistant clerkships in the Navy, admitting to 
the well-paid and attractive calling of naval 
paymaster. Probably, because the advantages 
of this service are not as well known as they 
deserve to be, the competition for vacancies is 
not very severe, and the entrance examination 
offers no serious obstacle to a well-educated lad 
with a fair knowledge either of .three foreign 
languages or of two languages and the elements 
of natural science. 

Many would-be comjjetitors are discouraged 
from entering by the fact that a nomination 
is requisite for these appointments. But this 
difficulty is more apparent than real, as private 
inlluence with the naval authorities is not 
imperative to secure the right to compete. A 
nomination by the First Lord of the Admiralty 
is readily grunted to suitable candidates. Appli- 
cation should be made to his private -secretary 
as soon as tlui lad for whom it is sought reaches 
the age of 10. The contests arc held each Juno 
and December for between 20 and 30 vacancies, 
and candidates must be between 17 and 18 years 
old on the 15th of the following July or January 
(as the case may be). They must also be well 
developed and active for their ago, and physically 
suited in all respects for service in the Navy. 
Short sight will not neces.sarily disqualify those 
who are otherwise fit. 

The character of the (*ntranco examination 
is shown by our schedule of subjects and mark.s, 
which relates to a competition for 20 places 
lately attend(xl by 70 aspirants. 

A note may be added on these subjwts. 
Mathematics consists of algebra, geometry, and 


trigonometry ; the test in English includes pr^^cis 
and shorthand (the latter being of special 
importance) ; and the English history paper 
has particular nJerence to the period since 148.5. 
Tn modern languages special attention is given 
to the oral examination, and the language not 
offered as obligatory may be taken as an optional 
subject. The science papers relate to mechanics, 
heat, physics, and inorganic chemistry, and 
include practical tests. Ccrliticate “ A,” obtain- 
able in the Officers’ Training Corps, entitles its 
holder to an extra 50 marks in the examination. 

Successful candidates are appointed as 
assistant clerks at 2s. Cd. a day, and while in 
that grade must be furnished by tlu'ir parents 
or guardians with an allowance of £20 a year. 
After a year's service, and on passing a further 
examination, they are rated as clerks at 4s. a 
day. Their further prosjwcts may be judgixl 
from statistics of annual salaries in the Service* : 

Assistant clerks. £45 12s. Cd. ; clerks, £73 ; 
assistant paymasters, £91 .5s. to £209 17s. Cd. ; 
paymasters (in three class(‘s), £255 10s. to 
£602 .58. ; paymasters-in-chief, €693 JOs. 

8pc(‘dy promotion is assured, at least to the 
grade of junior paymaster, for an officer whose 
conduct and abilities are satisfactory. On enter- 
ing that grade a heavy outlay is necessary, the 
cost of uniform ami other g(‘ar being about 
£100. But with this exception the rates of ))ay 
are high enougli to render him self-supporting 
after the lirst year of his sea services — a great 
advantage to candidates whose relatives are 
not wealthy. 

It need only be added that the sea life is a 
jdeasant and varied one, and that the pay- 
master’s post is generally regarded as the 
easiest berth in the ship. 

Dockyard Apprentices. The various 
ratings of the combatant service afloat are 
discussed in those 
chapters of thisgroup 
which are devoted to 
the Army, Navy, 
and Merchant 
Service. Memion 
must be made hero 
of a number of good 
openings in the land 
service, by means of 
wffiich an intelligent 
lad b(* tween the ages 
of 14 and 16 may 
st*cure a thorough 
training in the naval 
workshops, and 
eventually the wages 
of a skilled artificer 
at least. 


EXAMINATION FOR ASSI.STANT CLERKS IN THE NAVY 

Order 

of 

Merit 

Ol>li«atory 

Optional : 

Any two may be taken. 

Total 

Arithmetic. 

Mathematics. 

English (Handwriting, 
Composition, etc.). 

Geography and English 
History. 

AUernutive. 

Latin. 

Greek. 

Elementary Science. 

German or French. 

French. 

Gennan. 

Maximum 

500 

600 

700 

400 

600 

600 

600 

600 

600 

600 

4000 

No. 1 , . . 

820 

331 

384 

252 

— 

529 

480 

— 

— 

401 

2697 

No. 20 .. 

365 

304 

404 

100 

462 


305 

130 


— 

2160 
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GROUP 10 -'CIVIL SERVICE 

Op('n comi)etitions for 400 to 500 dockyard 
a})j)r('ntices miv held in May of each year, and 
art' attended by some 1500 candidates. The 
suhj(;ots of examination arc English (writing, 
S|)('lling, comf)osition, and questions on a work 
of fiction), arithmetic, mathematics, elementary 
scicnicc, history and geography, and freehand 
drawing. The Jatls who do best in these papers 
must j)ass a strict test in ey(^sight, hearing, and 
general health. They are then bound by indenture 
to serve for six years as apprentict's to one or 
other of the dockyard “ trades,” such as that of 
shix>wright, engine- fitter, or smith. No premium 
is requirtid, and while learning their trade 
the appnaiticcs receive weekly wages, which 
lu'gin at 4s. and rise by 2s. each year to 15s. 
"J’hi^y arc required to attend tlu5 dockyard school 
three or four times a week for a year at least. 
The best of them are kept on as scholars for 
three or four years, and are then examiiud in 
soientitic and tccdmical knowledge. A ship- 
wright apprentice who distinguislu's himself at 
this test is given a golden opportunity in the 
shape of a cadetship in naval construe;! ion. 

(ither apprentices, on completing their six 
yc'ars’ indenture, are engaged for two yeai*s as 
journeymen, at rates of pay ranging from 2t)s. 
a week upwards, according to tlK‘i?* trade and 
the skill they have gained in it. They are then 
qualificHi for permanent posts, with wages varying 
between 35s. and 45s. ; and for promotion to the 
rank of foreman and to other res])onsiblo positions. 

Naval Constructors. More fortunate is 
the ex-apprentice who wins a cadetship in naval 
construction. After two or thrc(^ years’ further 
training, ho is likedy to h<5 made an assistjint 
naval constructor. In this capacity, while still 
a youth, he is employed in the important work 
of designing and building naval vossi'ls. His 
salary is £200 a year, rising to £400, and he has a 
sure prospect of £050, with many chances beyond. 
At least tliree directors of naval construction, 
with salaries of £1800 a year, have risen from the 
grade of dockyard apprentic(\ 

Writers and Others. The clerical staff of 
the Admiralty includes a number of suboixlinate 
officers, known as hired writers and boy writx'rs, 
who are employed in the dockyards and naval 
establishments. The ranks of tlie boy writers 
are recruited in j)art from applicants trained 
for the Service at Clreenwich Scliools, partly by 
competitive exami- 
nations in sim])le 
English subjects, 
shorthand, book- 
keeping, and general 
knowledge, held 
yearly in London 
and at the chief 
naval posts. 

Candidates for boy 
writorships must be 
between the ages of 
14 and 17, and of 
sound oonstitution. 

If successful, they are 
appointed at 9s. a 
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week, and receive a 3s. rise each year, to the 
maximum of 18s. During their service they 
must attend the dockyard school for two evenings 
a week for about three years, in order to fit them- 
selves for adult employment. At the ago of 19 
a boy writer is eligible for promotion to the grade 
of hired writer, and, if he has taken advantage 
of the free training provided by the Admiralty, 
he should have no difficulty in getting recom- 
numded for this permanent post. He then 
receives 24s. a week, with a yearly advance of 
Is. fid. to 3fis., and has excellent chances of 
winning a dockyard clerkship of the third 
grade. This step ensures him 51s. weekly at 
least, and may lead to a first-grade clerkship, 
rising to £250 or £300 a year. Thus, for a 
steady and intelligent lad who must earn his 
o^vn living from an early age, a boy writership is 
an easy avenue to i)ermanent work which is 
bet ter paid tluln in the commercial world. 

For men writersliips in the naval service 
afloat, open competitions are held at Chatham, 
Portsmouth, Devonport and Queenstown each 
May and November. The age limits are 18 and 
2.3, and the examination subjects comprise 
English, commercial arithmetii;, type^vritiug, and 
shorthand, marks laung also givtui for “gcuieral 
smartness and knowledge.” Successful candidates 
enter the Navy for twelve years, and are paid 
14s. a week, with free rations, as third writers. 
For the next grade the pay is 21s., and for the 
first writers, who rank as petty officers, it is 
28s. a week. 3’h(U’e are furthc'r 0 ])ening 8 for 
able men as cliief writers at 35s. to 38s. fid. — 
always with free rations ; and promotion may be 
w'Dii to warrant rank, with pay ranging from 
£127 to £182 a year. Particulars of third writers’ 
examinations can bo obtained gratis from the 
Secretary to the Admiralty, Whitehall, S.W. 

The (Uvil side of the Adfniralty may be 
completed by a fi‘w words on the conditions of 
entry and rates of })ay which obtain in the'. 
Coastguard Service. 

Coastguard Service. Seamen • of good 
character who have completed nine years’ 
continuous service, and are recommended by 
their captains, are eligible for admission to the 
Coastguard under the following conditions. They 
must be trained men or holders of a torpedo or 
gimnety rating, not over 37 years of age, able 
to swim and to read and write, and willing to 


RATES OF PAY AND ALLOWANCES FOR COASTGUARD SERVICE 


No. 


1851 


2803-^ 


2988 


llatitKi. 


Divisional Chief Olfteers 

Chief Offleew 

„ risina in lo 
years to 

Chief Petty Otneers 
Petty Ottlccrs 

„ after 4 years 
Leading iioatnieu 
Boatmen 


I’ay. 

€ 8 . 

d. 

182 10 

0 

109 10 

0 

146 0 

0 

57 15 

to 

39 10 

10 

44 2 

1 

31 18 

9 

28 17 

11 


Provl'^ion 

Allowance. 


& H. d. 


24 e 8 


Other Bmolumonts. 


Allowance for Quarters. 


Free Quarters, 


as trained men 




ro -engage, if necessary, for continuous service 
to complete their time for a pension. A limited 
number of stokers of eighth years’ service are 
also admitted. 

Coastguard men are liable to be embarked in 
turn for such cruises as the Admiralty may 
appoint, and, if found unfit for active service 
at sea, may be discharged with a pension or 
gratuity, according to the length of their service. 
Otherwise they are retained until the age of 50, 
or, in the ease of chief petty officers, until 55, 
when they retire on a life pension. 

Apart from the commissioned officers, who 
number only 83, the strength, ratings, pay, and 
allowances of the Coastguard Service are as 
stated in the table on page 2574. Modest as are 
the rates of pay in themselves, it must be 
remembered that the provision of free quarters 
is a valuable one, and that, with this advantage 
and a liberal allowance for rations, the coast- 
guard’s needs are small. 

Customs and Excise. No more interesting 
dutie^ are comprised in the service of the State 
than those which relate to the safeguarding of 
the vast revenues derived from taxation. The 


bulk of these revenues, apart from income-tax 
and stamp and legacy duties, is derived from 
two main sources — Excise charges and Customs 
duos. The former consist largely of fees for 
trading and other licences and the duties payable 
in respect of the manufacture of beer and 
spirits. Customs work, on the other hand, is 
mainly the enforcement of taxes upon imports, 
including the prevention of smuggling. It will be 
readily understood that the two branches have 
much in common ; and in 1909 the two separate 
branches to which the collection of these revenues 
had formerly been entrusted were welded into 
a single huge revenue department, the Board of 
Customs and Excise. 

A characteristic feature of this service is that, 
in addition to a large indoors staff of Class I. 
and subordinate clerks, it employs a great many 
executive officers, whose duties, while often 
arduous, afiord plenty of variety and interest, 
and for the most part are performed in the open 
air. This outdoor staff, instead of being 
restricted London like the majority of nationed 
servants, is Scattered throughout the kingdom, 
jand is subject to frequent transference from 
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district to district. Hence, the executive service 
of the Customs and Excise attracts eveiy year a 
number of hardy young fellows who prefer hard 
work, irregular hours, and eliangt^ of surroundings 
to the monotony and restraint of a life spent at 
a London desk. 

Outdoor Officers. The outdoor establish- 
ment of the Customs and Excise is divided into 
two branches the general service staff, recruited 
by open competition, and the waterguard and 
preventive staff, a subordinate service whoso 
members enter without competition. 

Officers of Customs and Excise- 
From 200 to 300 appointments of this clavss are 
filled every year by means of competitions — • 
usually held in March and Novc'in her that are 
open to all unmarried iiu‘n between 19 and 21 
years of age who satisfy the prescribed conditions 
as to health and physique. As is imperative in a 
service of this chara(;tt‘r, any serious defect of 
vision is regarded by the authorities as a dis- 
qualification. The age of candidates is reckoned 
in the following way : At an examination held 
in the first half of the year they must be of the 
prescribed age on March 1, and at one held in the 


sc'cond half-year th(*y must bo of the prescribed 
age on Septcmiber 1. 

A clear idea of the character of the educational 
contests may bo gained from the table given 
above. It shows the marks obtained by the 
highest and lowest successful candidates at a 
recent competition, W'hich was attended by 
1080 students. 

There are no obligatoiy subjects, but the 
competition is so keen that — as our table show^s — 
good marks in every paper that the regulations 
allow to be taken are absolutely essential for 
success. Candidates wdio have served as boy 
clerks now receive st^rvice marks at these contests. 

In these examinations, English comprises 
easay-writing and a precis of printed document-s. 
The science test is theoretical only, questions 
being *set in the elements of physics and of 
chemistry. Mathematics includes the use of 
logarithms, and in the modern languages 
composition is required, as well as translation 
from and into English. Si)ecial regions arc 
prescribed for the geography paper, and a 
special period for the English histoty. The 
shorthand examination consists of taking dovm 
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EXAMINATION FOK CU.STOMS AND 

kxci.se officers 










Two only. 




Order 

erJ 

tii 

c 








« 



t»f 








£ 

c . 

•e . 
c >. 

Total 

Merit. 









rt 

fp 

a 



> 

m 

s 

ra 

s 

<Si 

English. 

c 

£ 

Science. 

French. 

d 

A 

£ 

Latin. 

C2 

■5 

te 

tfi 

o 2 

11 

p:x 

ct 1 

si 

•il 


Max. 

90 

.300 

000 

000 

500 

.500 

500 

.500 

500 

5(U) 

i 

500 

3000 

1 

90 

272 

410 

490 

!.r.8 

420 

— 


420 

- 


2484 

7.5 

~ 

.300 i 

302 

390 

3SS 

— 


- 

310 

-- 

35S 

2109 
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throe passages at the respective rates of tiO, 80, 
and 100 words a minute, and afterwards trans- 
cribing the shorthand note into longhand. A 
printed syllabus, showing in some detail the 
scope of tho examination, may be obtained 
(gratis) from the Civil Service Commission, 
Burlington Gardens, W. 

Salaries and Duties. An officer of 
Customs and Excise is liable to servo at any port 
or station in tho kingdom. Tho official regula- 
tions prescribe that “during the early years of his 
service an officer will bo liable to coast ant 
change of station, and will have no fixed 
residence.” And, throughout his service, pro- 
motion may mean removal to a new district 
— possibly from Land’s End to John o’ Croat’s. 

The sahiry is £80 a year on appointment, 
advancing by £7 10s. annually to £lfi0, and 
thence by £10 to £300. When an officer attains 
£100, and again at £250, he must i^ass what is 
quaintly called fin “ efficitmey bar.” That is, 
before obtaining a further increment ho must 
receive a favourable re- 
port from his superiors 
as to the way in which 
his books arc kept, and 
also as to his character. 

For tho next grade — 
that of surveyor — com- 
petitive examinations in 
practical subjects con- 
nected with depart- 
mental duties arc held at 
stated intervals. The 
salary of a surveyor is 
£320, rising by £15 
yearly to £450, with an 
efficiency bar at £400. Promotion to the rank 
of inspector and col hector (£.500 by £20 to £050, 
with prospects of £800 and upwards) is made by 
merit ; but as, in comparison with the numbers of 
officers and surviiyors, these positions are very 
few, some good fortune anS well as marked ability 
is needed to gain one of them. 

The hours of att.(*ndanee are 48 weekly, any 
overtime being paid for at s])eeial rates. Officers 
employotl on quay duties W(»ar a peaked cap and 
a blue serge suit. -No otluir ofiicers are required to 
wear uniform of any sort. 

Customs work is manifold, int(*resting, and 
sometimes exciting. It includes boarding vessels, 
.the examination of baggage, the collection of 
light dues, dook and warehouse work in connec- 
tion with dutiable imported goods, and many 
other duties afloat and ashore. Changes of 
station are frequent, and there is a good deal of 
night work and extra duty, for which s|)ecial 
remuneration Is paid. 

The Excise service also involves a great 
variety and range of work, a busy town station 
differing widely in its duties from thosa of a 
quiet countiy "district. Generally they include, 
bonded warehouse supervision, the oollection of 
licence duties, distilleiy survey, brewery survey, 
and inquiries under the Old Age Pension Acts 
and in connection with National Health 
Insuranee, In either branch of the department, 
an officer’s work is done, for the most part, 
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without supervision, combining a good deal of 
liberty with serious responsibility. Hence tho 
importance attached by tho authorities to the 
way in which the officers’ books and records are 
kept. Despite its occasional hardships, men of 
active, self-reliant tomi>eramcnt find tho life of a 
Customs and Excise officer pleasant enough. 

The Preventive Service. This branch is 
occupied with less responsible and technical duties, 
and offers far fewer chances of advancement 
than the gciK^ral service section. Recruits were 
formerly enrolled as Customs boatmen, but now 
are harmed Prcviintivo Mt‘n. The service is now 
recruited by means of an examination, for which 
candidates are nominated by the Board of Cus- 
toms and Excise. Candidates must be between 17 
and 20 years of age, at least 5 ft. 4 in. in stature, 
and 32 in. round the chest; or, if the height is 
greater than the minimum, the chest measurement 
must be proportionate. They are required to pass 
a qualifying examination *^f the simplest character 
in reading, writing, and elementary arithmetic. 

Preventive men start 
at 18s. a week, rising by 
Is. Gd. aimually to 33s. 
On promotion to the 
grad(5 of preventive 
o nicer, this salary be- 
comes £115 a year, with 
£5 increments to £150, 
and thence by £7 10s. to 
£200. There are also a 
few highc'r posts, with 
salaries ranging up to 
£050. 

The Government 
Laboratory. Origin- 
ally a small branch of tho Inland Revenue 
Ollice, this laboratory has l)e(‘oino so useful and 
has gnwn so rapkily in recent years that in 
1911 it was made a sepafate department 
under the Governmtmi Chemist. Its staff is 
occupied V(*i’y largely in analysing various 
samples of dutiable goods, and of milk, butter, 
and other articles of food, as well as drugs, in 
which adulteration or improper dilution is 
suspected. In addition to a permanent staff, 
the Government Laboratory employs some 
70 temporary assistants. A number of these 
latter are Customs and Excise officers who have 
been seloctfd by their superiors for the post. 
8ome of them receive an extra allowance of 
£20 a year M'hilc attending there. The training 
afforded by the laboratory is a valuable one, 
and the most promising among the temporary 
assistants are nominated by tho head of the 
department to compete for vacancies in the 
permanent staff of analysts. These officials are 
paid £160 a year, rising by £15 annually to £3^, 
and on promotion to the first class advance £2() 
yearly from £400 to £550. There are higher posts 
obtainable, and a footing on the temporary staff 
of the Government Laboratory may afford to a 
young member of the Customs and Excise who 
possesses the requisite ability and aptitude for 
^ienoe the first step in a very succei^ul career 
pursued under highly interesting conditions. 

ERNESt A. CARR : 
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GROUP IV-LIFE & WIND • THE RISE OF LIFE 4 THE ASCENT OF MAN-CHAPTER 20 


The Nature of Genetic Factors. The Phenomenon of 
Segregation. The Practical Value of Mendelism. 


THE MEANING OF MENDEL’S LAW 


T he reaBon for the double Mcndelian formula 
required for any individual, in any respect, 
is evident from the concluding remarks in our 
last chapter, and we see how, in any such respect, 
there are two possible kinds of pure-bred indi- 
viduals, and one kind of cross-bred. And as we 
regard the dominant as due to something present, 
and the recessive as simply the absence of that 
something, the time has come when we may ask 
what that something actucally is which has such 
immense and permanent consequences in the 
individual formed from the germcell that 
contains it. It has hitherto been called a 
factor,” and the term is a good one, for it 
expresses the significance of tin; thing- -that it 
makes something, but expresses no opinion as to 
its nature. Now, we have already made some 
study of germ-cells with the microscope, an<l 
have noticed tlicir nuclei, the fashion in which 
dyeing ditfereniiates the ])arts of the nucleus, 
and the further fashion in which the stainablo 
parts of the nucleus break up into a fixed number 
of particles or chromosomes at certain stages 
in its life- history. Also, we have noticcLl the 
centrosomc, which lies near the nucleus. (*an 
we assort any correspondence between c<n’tain 
Mendclian “ factors,” th(^ things which cause the 
appearance of such-and-such features in the 
individual, and, for instance, tlio chromosomes 
or -the centrosomc ? 

A LrinK between Factors and Chromo- 
somes. Possibly, to some slight though interest- 
ing extent, we can. The chance of discovery here 
is hopeful, and the modeni microscope is being 
most earnestly employcni, so as to connect the 
facts of cytology, above all the cytology of germ- 
cclls, with the facts of genetics. In some instances 
it may be the case that the germ-cell which is 
destined to give rise, when mated, to a female 
individual contains an extra or “ accessory 
chromosome,” and we might suppose that this 
accessory chromosome is the factor, or bears the 
factor, that produces femaleness. Up to the 
present these appear to be the neariist approach 
to definite, results in this field. Even so, there 
aiv elements of doubt. On the other hand, though 
this theory of the accessory chromosome should 
be established, and though a few more similar 
cases should bo established, it is obvious and 
certain, and immensely disconcerting in a sense, 
that no microscopic study will ever reveal in the 
germ -cells of any 8|)ecies a tithe or a ten-thou- 
sandth part of the detail required to account 
for the characters of the mature individual. If 
the accessory chromosome, found in some of 
the germ-cells of some species, be the factor for 
femaleness, it is the rarest exception in having 
any visible form at all. The overwhelming 
majority of factors cannot be anatomical features 


of the germ - cell at all, whatever they are. 
Clearly wo must pierce to an obscurer order of 
things. We must penetrate from anatomy, 
however microscopic, to chemistry ; from 
structures or tissues to the molecules which 
compose them. Here the student who remembers 
the second chapter of this course will begin to 
gu<‘ss rightly. There it was observed how 
important are ferments in life, that we digest and 
breathe by them, that ” life is a series of fer- 
mentations,” from the physical aspect, and even 
that we develop from gerin-eells by f(‘rinenta- 
tion.s. Ik^velopmont, in short, is itself a series of 
fermentations, and we may guess that the 
factors in the germ-cells must also be ferments. 

Changes Wrought by Ferments. That 
this is an approximation to the truth we become 
certain when we analyse numerous instances of 
the inheritance of colour. The chemist analyses 
the colour of a petal in a given case, and notes 
that if the pigment be oxidised it becomes a 
pigment of another colour ; or it may be the 
other way about — that is, a certain ]>igment, 
when reduced— a technical term familiar to 
the student of the course on Uhemistry — ^yields 
another ])igment. The diifer(*nce b<?twcen a white 
flower and a purple one may be thus shown 
to depend upon no more* than the abs<mce or 
presence of a simple f(‘rment v'hich would 
oxidise the white j>igmcnt and turn it ])urple. 
Scores and hundr(‘ils of such cases are known. 
The oxidations and reductions ri>quircd to make 
such differences are. typically the result of 
ferments — for those are just the simple processc‘3 
which innumerable known ferments induce. 
W<* may well h(‘sitate if we are asked to believe 
that the diffenmee between a normal and a 
defective , human brain of a cf^rtain type is 
similarly due to the presence of a ferm(*nt 
which makes the “ dominant factor ” for the 
normal brain. But we need not hesitate when 
the case involved is demonstrably no more 
than a simple oxidation change in an i<leritifiable 
and isolablc pigment in the petals of a plant 
or the skin of an animal. 

In yet other cases it seems that the difference 
betwijon the dominant and recessive does not 
depend upon a ferment, which is present in each 
case, but that in the former there is present some? 
definite chemical substance for the ferment to 
act u^x^n, and in the recessive that substance is 
not formed. 

The Nature of Genetic Factors. 

However, the case cannot be nearly so simple 
^ wo have hitherto suggested, and the stiichmt 
must beware of supposing that any authority on 
this subject declares the genetic factors to be 
ferments. The real nature of the contents of the 
germ-ceii and of the factors that it comprises 
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must be vastly more subtle than that. There is 
no room in the germ-cell for the sheer quantity of 
ferments that would be required. As Bateson 
says, “The thing transmitted can only be the 
power or faculty to produce the ferment.'* 

In the first place, we know by a host of cases 
that ferments do not exist in the living body as 
such. There is no pepsin in the stomiach cells, 
no blood-clotting ferment in the blood. What 
we find are substances which are capable of 
being transformed into ferments wh^n they are 
needed, but not till then. The process may bo 
practically instantaneous, as in the fonnation of 
the blood-clotting or “fibrin-ferment” when a 
blood-vessel is injured ; but there is all the differ- 
ence in the world, the difference between life and 
death, between the facts as they are, and the 
existence of the fibrin-ferment as such in the 
blood — which would immediately become solid. 
Therefore we recognise the existence of what are 
called 'pro-JermevU — bodies w'hich have no fer- 
mentative power as they are, but which are 
capable, und(»r certain conditions, of becoming 
“ activated,” as the chemists term it, and then 
doing wonders. 

The genetic factors in the gametes cannot even, 
however, be pro-ferments, thougli doubtless pre- 
ferments and, in the course of development, 
active ferments may be found in the gametes 
and the products of their division. To substitute 
the idea of pro-ferments for that of actual fer- 
ments is only to recognise a stage which is of no 
ultimate imjx>rtance. We have to account for 
the origin of these pro-fonnents, and for the 
power which calls them into being. And it is 
immensely significant for our ultimate theoiy of 
the nature ol Life that Professor Bateson hini- 
sclf, who is sternly opposed to any but the 
mechanical explanation of these problems, and 
who looks uiK>n any other as “ mysticism,” 
should be found writing that “ the thing trans- 
mitted can only be the power or faculty to produce 
the ferment,” Have we not here already left the 
realm of the material, and begun, perhaps un- 
consciously, to recognise the presence of some- 
thing of which the material is merely an instru- 
ment ? So much, alone, can we say here as to the 
nature of genetic factors — which the reader will 
see to be a question involving the very ultiinates 
of the vital problem. 

The Analysis of an Individual. What- 
ever the factors be, we have next to consider how 
they are distributtMl to or in the germ-cells which 
are formed by the individual we are discnissing. 
He — or •she — the product of two germ-cells and 
their factors, in turn produces, or houses the 
production of, a vast multitude, thousands or 
millions, of germ-cells or gametes. Already we 
havo learnt, from the facts of Mendel’s first 
experiment, how to state what follows, wherever 
the factor in question is Mendelian. The student 
must particularly note that, as each individual 
double, formed from two gametes, so each 
gamete is single. 

As we need to rule two columns for our list of 
inmdients ip the individual, so we need one 
column only for each of his gametes. Two such 
columns, corresponding to two gametes, will then 
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represent the double individual they go to form. 
Now, in the case of the pure tall or short peas, D D 
or HR, the gametes arc, each and all, D or R 
respectively. The surprising discovery of Mendel 
applies to the case of the D R, or impure domin- 
ant. The gametes of such an inaividual, on 
Bateson’s hypothesis, “ do either contain or not 
contain a representation of the ingredient, just 
as the original gametes did or did not contain 
it.” Further, the chances are equal in each 
case ; so that, on the average, half the gametes 
are D and half are R. 

This is the fact of segregation, which we have 
already asserted to account for Mendel’s law', 
but which we havo yet to explain — if we can. At 
least wo havo found a definite feature of the 
germ -cells which explains the fact that the 
character we are discussing is one of those which 
mendelist — as we now often say. 

The Process of Segregation. But how 
are wo to explain Mendelian segregation ? The 
presence and absence hypothesis has already 
helped us very really, but it is far from carrying 
us all the ‘way. Hero is its author’s attempt to 
rcjprcsent to the mind’s eye what, on this 
hypothesis, must in some fashion or other 
happen in segregation. 

“ So, recurring to the simile of the man as 
made by the mixing of tinctures, the process of 
redistribution of liis characters among the germ- 
cells may be represented as a sorting back of the 
tinctures again into a double row of bottles, a 
pair corresponding to each ingredient, and each 
of the germ-cells as then made of a drop from 
one or other bottle of each pair : and in our 
model wc may represent the phenomenon of 
segregation in a crude way by supposing that 
the bottles having no tincture in them, instead of 
b(ung empty, contained an inoperative fluid, say 
water, with which the tincture would not mix. 
When the new germ-cells arfe formed, the two 
fluids, instead of diluting each other, simply 
separate agtiin. It is this fact wdiich entitles 
us to speak of the purity of germ-cells. They 
are pure in the possession of an ingredient, or in 
not possessing it ; and the ingredients, or fac- 
tors, as we generally call them, arc units because 
they are so treated in the process of fgrmation 
of the new gametes, and because they come out 
of the process of segregation in the same con- 
dition as they went in at fertilisation.” 

Consider now a definite character, say brown- 
ness of eye, or the peculiarity of being unable to 
see in a dim light, which is known ^s night- 
blindness. Studying a pedigree, wo observe 
that this character appears in certain individuals 
but not in others. Is it a dominant or a reces- 
sive? And conversely, is the blue eye, or the 
normally seeing eye, dominant or recessive ? 
The pedigree will tell us how to tell a dominant 
from a recessive. In the case of night-blindness, 
where one family has been recorded for ten 
generations, extending over centuries, on both 
sides of the Atlantic, we notice that the children 
of the unaffected are always also unaffected# 
The affected, mating with normal persons, have 
families comprising affected wd unaffected 
children. Clearly mght-blihdneM is a dominant 
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Breeding Out a Family Taint. And now 

we begin to see the practical value of Mendelisni. 
Suppose we do not want a certain character in a 
rose, a horse, a baby. An individual comes into 
being from a stock notoriously affected with the 
character we dislike. This individual is without 
it ; what will its offsi)ring bo ? Will the undc- 
sired feature “ skip a generation ” and return ? 
Or may w(^ say that, notwithstanding the 
deplorable family history, the offspring of this 
•individual will be as free from the family taint 
as those of any other ? 

Without the Meiidclian key the practical 
breeder, the actuary, the eugenist -as we 
shall lat(‘r see —were helpless in such a ease. 
They could only argue that (diaracters do turn 
up again in the offspring of unaffected indi- 
viduals of affected stocks, and that such 
individuals were best left aside for Imn'ding 
purposes. But, in the cast^ of ail characters 
which have Ix^cn proved to mendclisc, the 
problem is now soluble. 

First we look to the records, and note whetluu’ 
the character is a dominant or a recessive. If 
it be a dominant, it will reappear in the off- 
sj)ring of individuals possessing it, in various 
proportions which we have alre;uly studied, 
according to the particular parental combination 
in question, but those offspring in whom it 
does not ap[)e‘U’ are free from it, individually 
and racially, so far as w<* know, for ever. Tims, 
should any or all the unaffected members of the 
night-blind family marry, but none of the 
others, the mahidy will eoiiie to an end ; and thus 
also, in eugenics and its ethics, we (san relieve*, 
the mind, approve the marriage, and welcome 
the offspring of all the uuaffeerted inemb(‘rs of 
gravely affect cd stocks, where the undesirable*, 
character is a dominant. The immense prac- 
tical imjiortance of such a discovery as this 
can scarcely be overstated. 

The Marriage of Cousins. On the other 
hand, the undesired character may be a ree(*ssive. 
Tt follows that, according to the constitution 
of the parents, nonnal offs})ring may be impure 
dominants, carrying tht* recessive character in 
half their ^ er n-cclls. The prejudice against 
cousin marriages merely means that if, and only 
if, the stock be affected, the marriage of personally 
normal cousins may bo really the maiTiage of 
two impure dominants in tl is respect, and wo 
may therefore expect one child in four to display 
the family failing. 

But on the other hand, if the recessive character 
be a desirable one, such a cousin-rnarriagi^ may 
yield one child in four possessing the welcome 
character, though neither parent liad it — if each 
was an impure dominant. Does not this throw 
an entirely new light upon the problem of the 
marriage of relations ? At once wc see that 
the simplest and truest answer to inquiries as to 
the consequences of marriages betiveen cousins 
is that which the present writer has returned 
to correspondents for many years — “ It depends 
upon the cousins.** Here let another fact be 
noted which has been purposely illustrated in the 
forgoing paragraphs. 


Characteristics Determined Only by 
Breeding. It is that we can never say of any 
characteristic of any plant, animal, or human 
being, whether normal or morbid, whether usual 
or unusual, whether iiniisiial and undesirable or 
unusual and desirable, that it is a dominant or a 
recessive until we hav(^ made the breeding ex- 
periments necessary, or have studied an adequate 
pedigree, which eomos to the same thing. Night- 
blindness, for instance, hap|M*ns to be a dominant. 
So are scores of other morbid eomlitiona r>f the 
eyes and skin. But various ty})es of nervous 
disease arc found to be rocessives, and so is 
musical faculty in the oj)inion of some recent 
inquirers into the subject. 

Again, in thi^ case of the white petals of a 
flower, no one can say whcthiu’ the whitcaiess is 
dominant or recessive until the test has been 
made. We know cas<*s where th(^ white is 
dominant over some colour, and is due to the 
presence of a factor which turns that colour 
white. We know eases whore the white is 
reeessivt*, and due to the absence of some 
pigment-forming factor. Nay, we know cases 
where white is dominant, and due to the presence 
of a factor whicdi inhibits the formation of th(> 
colour that would be produced without it. 

The Significance of MendeFs Dis- 
covery. We must absolutely clear our minds, 
th(*refore, of any a-ssumption tliat dominant and 
recH'ssive have anything to do with desirable or 
undesirable, normal, abnormal, or morbid 
characters. Each (;ase, in every spe(;ies, has 
to be work(‘d out (‘mpirieally at present, and 
dealt with according to the result found, when 
wc are trying to create new types by brei'ding. 
Some day, doubtl<*ss, a law in tliese matti‘rs 
wall appear. Doubtless it means something that, 
in our ow'ii s|)eeies, unfortunate peculiarities of 
the v.yo. and skin are usually dominants, and 
those of th(^ nervous system UBuall;v recessive ; 
and if a fori k date nervous peculiarity like, 
musical faculty be also reeessivc, there is anotheu’ 
lesson for us as to the entire indifference of 
dominant and recessive to any of our criteria. 

Lastly, in this connection wo note that the 
normal individual belonging to a stock which 
is affected by some deplorable recessive 
character may either be a pure dominant, D I), 
and free to beget offspring for the botanist, 
the stock-raiser, or for mankind, or may be an 
impure dominant, who should not become a 
parent, or who, at the. very least, should only 
mate with a pure dominant. * 

The student will sec the incalculable signifi- 
cance of the Mendelian disco voiy and of genetic 
research for practice of many kinds. When htJ 
later comes to study eugenics in this work, and 
during the ordinary lifelong discharge of his 
duty as a thinking and responsible citizen, he 
will need to keep the principles of genetics ever 
before him, otherwise the best intentions might 
leail himself, or the State representing him, to 
forbid what would really be worthy parenthood, 
or to encourage that which might prove to bo 
highly disastrous. 

0. W. SALEEBY 
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The World as a Market. Value of the Board of Trade and Chambers 
of Commerce. Commercial Travellers Abroad. Export Journals. 

FINDING NEW MARKETS 

I N these days of fierce competition and rapid room, where the latest official publications, 
output, the manufacturer has constantly to British, Colonial, and foreign, and the latest 
bo on the look-out for new markets, in order t-o issues of trade directories may bo consulted and 
place the goods that he is producing in ever- extracts made. If required, the assistance of the 
increasing quantities. With the costly machineiy staff will be given. The department has specially 
that is necessary in every manufacturing business appointed trade correspondents in the British 
today, it is only by continuous production that dominions; and as to foreign countries, his 
the establishment or overhead charges can be Majesty’s diplomatic representatives abroad, 
reduced to a satisfactory minimum, and it is this with the commercial attaches and the consular 
continuous and ra])id production that gives rise officers, have been instructed by the Foreign Office 
to the need for new markets. ' to forward without delay any information which 

The World as a Market. It is, of course, niay seem likely to be of interest to British trade, 
in the world at large that the merchant seeks to Useful Statistics Available, A vast 
develop his businevss. The home markets are at deal of statistical information is available in this 
his door. Ho knows them well, and the routine Commercial Intelligence Branch of the Board 
of supplying them presents no difficulty. There of Trade with regard to the imports and exports 
are certain recognised routes, with more or less into and from the United Kingdom, showing 
rapid delivery ; packing is a much easier problem the quantities and values of articles imported 
than it is in the case of the export trade, and from or exported to caeh of the j>rincipal foreign 
naturally the merchant sec'ks, as lar as possible, countri<)s and British ]) 08 Ressions. This, of course, 
to exhaust the home trade before looking farther is extremely useful to merehants and manu- 
afield. But it is not long before he gets a wider facturers who want to know where the best 
vision, and then, to u.se an old saying out of its markets are for certain lines of goods. When 
context, his “ eyes arc in the ends of the earth.” statistical information as to imports and exports 
Business and Exploration. To a very of the United Kingdom is required in greater 
large extent it is the lU’plus stocks resulting detail than is givtui in the published official 
from the invention of labour-saving devices and returns, such information can often be obtained 
machinery, with the consequent increased out- on application to the Principal of the Statistical 
put, that have led to the opening up of the world. Office, H.M. Uustoms, London, E.O. 

The pioneers of (‘xjiloration have in many cases The statistical section of the Board of Trade 
been the traders; and while in days so recent as Commercial Intelligenee Branch has, of course, 
those of the middle of last century the man who a great deal of other information tabulated and 
needed n(;w markets abroad had practically to go arranged for easy reference, such as particulars 
himself, or to send out to find them, now a great of the shipping, British and foreign, which enters 
deal of valuable help, which takes the trader far and clears at the British j^orts ; the number and 
beyond the preliminary stages, is rendered by the tonnage of the British mercantile marine, and 
Commercial Intelligence Department of the bo on. Information can also be given as to the 
Board of Trade, whose offices are situated at wholesale and retail j)rices of various articles 
73, Basinghall-strec't, London, E.C., in the very over a series of years, and as to the numbers of 
heart of the com mere ial world. persons at present employed in the different 

Help from the Board of Trade. The industries of the country. 

8t>lo object of the department is to give every Information About Foreign Tariffs, 
possible information and assistance to merchants The Customs tariffs and regulations of foreign 
and manufacturers. In the words of the hand- countries and of British possessions are filed at 
book of the department, it ” is intended to be a the Commercial Intelligence Branch, and kept 
centre at which information on ail subjects of corrected up to date. This information is ox- 
commercial intere.st shall be collect^ and tremely necessary, and of great valtle tp the 
focussed in a form convenient for reference, and merchant seeking new markets abroad. If 
at which, so far as the interests of British trade required, information will be given by ^he 
permit, replies shall be given to inquiries by • courteous officials, or translations of the corn- 
traders on commercial matters.” The offices plete tariffs of the various countries may them- 
oontaip an inquiiy-room, where personal in- selves be consulted by the inquirer, 
quiries' may be made on the various subjects It is not, however, necessary to go to Basing- 
dealt with by the department ; a sample-room, hall Street to gather any required infonnation of 
with specimens of manufactured articles which this kind about a cotmtty to which it is proposed 
compete with British gootls, and of raw products to send goods. The &>ard of Trade publish , 
forwarded from foreign countries or British annually two important Returns, one of which' 
possessions by his Majesty’s eqnsuls, trade com- gives in a concise form detail^ information 
missioners, and other authorities ; and a reading- respecting the rates of Customs duties in 

THE BUSINESS LIFl^" MAHAGMENT, SHOPS OF ALL KINDS, AND ADVERTISING 
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European countries, Egypt, the United States, 
the Argentine, Mexico, Japan, China, and 
Persia, and the other similar information with 
regard to British colonies and possessions. The 
duties are given for all the principal articles of 
export from the United Kingdom. The first of 
these Betums is called “ Foreign Import Duties,” 
and the other “ (Colonial Import Duties.” 
Either may be bought for a shilling or two. In 
the “ Colonial Import Duties ” full particulars 
are given as to the preferential tariff advantages 
granted by certain colonies in favour of British 
goods, as well as information respecting colonial 
copyright laws and regulations, and parcel post 
regulations concerning dutiable articles. 

In the “ Foreign Import Duti(‘s ” H<‘tum 
information is given as to gross or not weights on 
which the Customs duties are levied, and the 
tare allowances which arc made in the case of 
goods dutiable by net weight. These valuable 
returns are revised annually at the close of each 
year, but alterations in Customs taritfs are 
noted in the weekly ” Board of Trade Journal,” 
so that merchants and others who subscribe to 
this journal are able to keej) their tariff knowledge 
right uj) to date. It must be remembered that 
applications for information as to fondgn and 
colonial Customs, tariffs, regulations, etc., must 
be made to the Commensal Intelligence Branch 
of the Board of Trade, and not to the Customs 
authorities, who do not d(?al with such questions. 

Lists of Foreign Buyers. Another 
valuable operation of the Coinmcrcial Intelligence 
Branch, which is of the greatest us(* to merchants 
and manufacturers seeking new markets abroad 
for their goods manufactured at home, is the 
compilation of lists of possibk? buyers of British 
goods whose names have becji received from 
consuls and trade corrcs[)ondents of tho 
branch. These lists are not published, but are 
kept for use in replying to inquiries from British 
manufacturers and traders. They are alscj 
available for consultation at the offices in 
Basinghall Street by British merchants and 
manufacturers. These lists are, from time to 
time, sent for revision to the consuls and corres- 
pondents. Special lists obtained in reply to 
specific inquiries are also received and filed for 
use in like manner. Lists of tho kind described 
are now available for over sixty foreign countries, 
and for about fifty British colonies. 

The lists arc classified under various trebles, and 
their value to the merchant seeking new markets 
abroad cannot be overestimated. Lists of 
possible foreign buyers are available under the 
following, among other, headings: arms and 
ammunition, atmetic and sporting requisites, 
carnets, chemicals and drugs, coal, cotton goods, 
cutlery, cycles and accessories, fancy goods, fish, 
groceries, hardware, hats, hosiery, iron and steel, 
linen goods, machinery, millinery, motor-cars, 
oils, optical instruments, photographic requisites, 
provisions, shipchandleiy, soap, stationery, tea, 
tobacco, wines and spirits, woollen goods, etc. 

Other Useful Lists Available. The 

depaHment is also - able to- supply in. some 
ini^nces supplementary lists of general com- 


mission agents, solicitors, patent and trade mark 
agents, firms (other than legal) who undertake 
the collection of debts, trade inquiry offices from 
which reports may be obtained as to the financial 
standing and trade reputation of local firms, and 
newspufK^rs likely to be of use for puiqioses of 
advertisement. The financial standing of firms 
is not reported on officially, but/ the colonial 
correspondents of the Uommercial Intelligence 
Branch and his Majesty’s consuls, although not 
bound to reply to inquirii's of the kind, are 
allow(Hl, at their own discav-tion, to make state- 
ments in general terms uith regard to iiny firm 
about which inquiry may be made. 

Bringing Buyers and Sellers To- 
gether. The lists of possible buyers are com] )i hid 
from directories and other sources of informa- 
tion, but it must be distinctly understood that 
the department takes no responsibility whatever 
with regard either to their accuracy or to the 
financial stability of the firms included therein. 
The object of the Cornmerical Intelligence Branch 
is to facilitate, as far as possible, the bringing 
together of the foreign or colonial buyer and the 
English seller. The dejiartmcnt declares that, 
while it cannot entertain any application from 
individual traders to bo included in these lists, 
buyers who desire to take advantage of fho 
“ Board of Trade Journal ” for the jairpose of 
com munieating with British manufacturers 
should apply, stating their requirements, to 
cerfain specified authorities. Firms in the self- 
governing dominions have to apply to tho 
High Commissioner or Agent-Oeneral, as tho case 
may be, in London, or to his Majesty’s Trade Com- 
missioner in the particular dominion, or to the 
Imjierial Trade Correspondent or tho (Chamber 
of Cbmmerco in their district. Firms in India 
apply to the Director-General of Commercial 
Jnteiligeiiee, Calcutta, or to the Chamber of 
Commerce in their district. Finns in the Crown 
colonies and protectorates must ap])ly to the 
officers ajqiointed by the respective governors 
to deal with trade inquiries, or the Chamber of 
Commerce in their district. Firms in foreign 
countries must apply to the British consul or 
to the British Chamber of Commerce, if there 
is one, in their district. 

When a firm has thus applied, if in tho exer- 
cise of his discretion the authority receiving the 
application forwards it to tho Board of Trade 
in London with an ex]>rossion of willingness to 
answer further inquiries, a notice may be 
inserted in the “ Board of Trade Journal,” 
where the British merchant or manufacturer 
will see it. 

Directories for Consultation. The 

department has a largo library of directories 
and year-books, British, colonial, and foreign, 
available for consultation, and these apjily to 
practically every country in the world. The 
English section of the library includes all the 
recognised directories of special trades. 

Foreign Contracts Open for Tender. 
Information as to foreign and colonial con-' 
tracts open to tender are sent to the Commercial 
Intelligence Branch by his Majesty’s consular 

2581 



GROUP 12— BUSmiSS 

officers in foreign countries, and by the trade 
commiHsionors and correspondents in the various 
Jiritish colonies and dependencies. These offi- 
cials are instructed speciaUy to report any such 
openings for t^ade, and, if necessary, to com- 
municate the information by telegraph. The 
department also collects notices of the kind in 
question from official and other publications 
received from abroad, and such notices are 
published in the ** Board of Trade Journal,” and 
are often communicated directly to British 
manufacturers who are on a sj)ccial register for 
the receipt of confidential information. This 
register and its use will be referred to in detail 
later. The original documents from which these 
notices are taken may usually be consulted at 
the offices in Basinghall Street, and, when prac- 
ticable, 8|>ecificationa and tender forms arc also 
available to British manufacturers. 

Tn the “ Board of Trade Journal ” there are 
also published notices of openings for trade, 
other than contracts. 

Information About Certificates of 
Origin. When he is seeking for now markets 
further afield, it is important that the merohant 
or manufacturer should got full and accurate 
knowledge in regard to such matters as certifi- 
cates of origin and so on. The Commercial 
Intelligence Branch of the Board of Trade sup- 
plies all this. Information regarding the regula- 
tions existing in British India, the British self- 
governing dominions, the Crown colonies and 
protectorates, and also in foreign countries, with 
regard to certification of origin for imported goods, 
the certificaU^s of invoices, etc., is embodied in 
a published memorandum, which can be bought 
for a few pence or consulted at the branch. 
Special pamphlets containing the regulations 
relative to the certificates required in Canada, 
South Africa, .Australia, and New Zealand may 
be obtained on application to the department. 
The Commercial Intelligence Branch also re- 
ceives and files the latest available information 
as to any changes in the regulations. 

Regulations Concerning Commercial 
Travellers. Another very valuable pamphlet 
for those seeking new markets abroad is one 
containing the latest information concerning the 
regulations in force in various countries with 
regard to commercial travellers. The memo- 
randum gives full information as to formalities 
to be complied with and tax(>s to be paid, and 
shows the Customs regulations in force as regards 
the importation of commercial travellers' 
samples, and the facilities granted to commer- 
cial travellers on the railways. Information is 
also given as to the regulations in force in the 
United Kingdom, and the ro(dprocal arrangement.s 
made between the United Kingdom and certain 
foreign countries and British possessions as to 
special Customs House facilities in respect to 
the introduction of commercial travellers^ 
samples. Some points in regard to travellers 
abroad are given later in, this chapter. 

Confidential Information for Traders. 

The Commercial Branch of the Board of Trade 
also supplies special private information that is 
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not published or issued in the ordinary sense. 
Firms in the D'nited Kingdom desirous of re- 
ceiving confidential information as to opportuni- 
ties for the extension abroad of those branches 
of trade in which they are specially interested, 
and as to other connected matters, may, upon 
application, have their names placed in a special 
register at the Commercial Intelligence Branch. 
The confidential information communicated to 
firms so registered relates mainly to openings for 
British trade abroad, and is received from his 
Majesty’s consular officers in foreign countries, 
from trade commissioners, and the Imperial 
trade correspondents in the British dominions, 
and from the Board of Trade correspondents 
in the Crown colonies, supplemented by infor- 
mation from other sources available to the 
Commercial Intelligence Branch. Firms in- 
scribed on the register may indicate the particu- 
lar linos of trade to which the information to be 
sent to them should relate, and a classified 
list of subjects is sent to all applicants for 
rc‘gistration with this object. In this list there 
arc twenty-two main divisions, as follows : 

I. Public works, contracts, schemes, including 
eleven sub-divisions such as railway construc- 
tion, tramway construction, waterworks, drain- 
age and sewage works, electric power and light- 
ing, telcgra])hs and telephones, and so on. 2. 
Iron and steel, including nine sub-divisions — 
bridge- work, railway and tramway material, 
iron and steel pipes and tubes, galvanised and 
corrugated iron, etc. 3. Hardware, etc., with 
the sub-divisions cutlery, hardware and iron- 
mongery. 4. Hand implements and tools. 5. 
Machinery and appliances, with fifteen sub- 
divisions, such as agricultural and horticultural 
implements, electrical machinery, mining, wind- 
ing, boring, and hauling plant, steam-engines 
and fittings, saw-milling ,and wood-working 
machinery, etc. 6. Locomotives, railway and 
tramway rolling stock, with the sub-divisions 
locomotives and rolling stock. 7. Traction- 
engines, road- rollers, steam tractors. 8. Fire- 
extinguishing apparatus and appliances. 9. 
Shipbuilding. In these there are several sub- 
divisions — war vessels, passenger and cargo 
vessels, tug-boats, river steamers, dredging plant, , 
fioating docks and pontoons, motor- boats,'' 
launches, and similar craft. 10. Vehicles, in-> 
eluding motor-cars, lorries, and waggons, motor- 
cycles and cycles, carriages, carts, and trucks. 

II. Metals and minerals (excluding iron and 
steel), coal, coke, patent fuel, brass, copper, 
aluminium, lead, tin, etc. 12. Textiles, includ- 
ing cotton yams and fabrics, woollenr' and 
worsted yarns and fabrics, silk yams and fabrics, 
linen, lace, and hosiery, hemp and jute goods of 
all kinds. 13. Raw cotton and wool, cotton 
w'aste, hair and other fibres. 14. Carpets, lino- 
leum, oilcloth. 15. Clothing and accessories. 

16. Hides, skins, furs,. and animal by-products. 

17. Leather and leather goods, including boots 
and shoes and saddlery. 18. Chemicals, paints, 
oils, etc., including soap, candles, starch, and 
so on. 19. Building and paving materials— 
asphaite, cement, marble, granite, stone, slate,, 
bncks, tiles^ lime, sand, timber, etc. 20. Building 
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accessories, such as furniture, heating, cooking, 
and ventilating apparatus, gas-fittings, and so 
on. 21. Provisions and drink, with six sub- 
divisions — fish, fruit and vegetables, groceries 
and provisions, cocoa, chocolate and confec- 
tionery, cereals, flour, etc., wines, beers, spirits, 
and mineral waters. 22. Various, with fifteen 
main sub-divisions, many of which are still 
further sub-divided. The lines here enumerated 
are very miscellaneous, and include glass and 
glassware, earthenware, china, })aper, stationery 
of all kinds, rubber and rubber goods, firearms 
and explosives, fancy goods of all kinds, clocks, 
watches and jewellery, scientific and surgical 
instruments, musical instruments, photographic 
apparatus, kinematographs, i^honographs, etc., 
brush and basket ware, tobacco, cigars, cigarettes, 
and snuff, matches; the shipping and carrying 
trade, and insurance. 

It will thus be seen that the confidential 
information collected and distributed by the 
department covers practically the whole range 
of business activities. 

The Value of the Confidential In* 
formation. As can be imagined, this informa- 
tion, available practically for tlie mere asking, is 
of the greatest value to the merchant or manu- 
facturer seeking now markets, and can be obtained 
in no other way. Only a Govern merit department 
with consuls and officials to call upon in every part 
of the world could afford to collect such a mass 
of information and make it available for business 
men at large. As a writer recently said : “ If 
we are adequately to cope with foreign competi- 
tion. an extension of our knowledge of oversea 
markets is essential. This knowledge must 
include a clear idea of the extent and nature of 
the trade to be done, the tariff duties to be paid, 
transportation rates, both by scia and land, etc. 
Whether it come direct through the manufac- 
turer’s own organisation, or through the medium 
of the middleman, is of little concern so long as 
the result is the same. There is a distinct prefer- 
ence for British goods on the part of buyers 
all over the world, but faulty methods of distri- 
bution have precluded our efficiently satisfying 
an existing demand. Where we have failed, foreign 
firms have stepped in, and have secured business 
which should have been ours, and this almost 
entirely because of their own knowledge of 
conditions, and of the facility which has been 
given to them for acquiring such knowledge 
from other sources.” 

Help from Chambers of Commerce. 

But valuable as is the Commercial Intelligence 
Branch of the Board of Trade, it is not the only 
source from which the merchant or manufacturer 
seeking new markets can get help. He will be 
able to loam much that is indispensable from the 
various Chambers of Commerce at home and 
abroad, and should certainly become a member 
of one of the Chambers. In addition to the 
ordinary Chambers of Commerce in London and 
other lar^ cities, there are in London nine Anglo- 
foiei|pi Chambers of Commerce — the Anglo- 
Belgian, the Anglo-Portugnese, the Austro- 
Hungarian, the French, the Italian, the Nether- 


lands, the Norwegian, the Spanish, and the 
Swedish, and from any of these can be obtained 
much practical information. 

Then there are British Chambers of Commerce 
in many of the largo busino.ss centres abroad, 
such as Paris, Brussels, Gemoa, Milan, Constanti- 
nople, etc. Membership of these is open to 
British subjects, and some others interested 
directly or indirectly in the trade and inter- 
national ciommerce between the particular 
countries in question and the United Kingdom 
and the United States. The (ffmmbers, among 
other things, afford facilities to British, American, 
and colonial firius desiring agents and repre- 
sentatives in the foreign country, and, vice versa, 
to foreign firms seeking to extend their connec- 
tions in England and America. Tluy also collect 
useful statistics, obtain legal opinion relating to 
foreign legislation, promote measures calculated 
to benefit, protect, and forward the mercantile 
and trading interests of th(dr members, and 
intervene with the foreign Customs authorities 
on behalf of their members when they have a 
prim/i facie reasonable rase. As membership 
can be obtained for practically a nominal sum, 
every manufacturer or merchant thinking of 
attacking new markets in any foreign country 
would certainly find it pay him to become a 
member of the Chamber of C-omtncrce in that 
country, if one exists. The Chambers furnish 
information as to the com mondial standing of 
firms in the foreign country, and some of them 
even collect debts for members. 

The Value of Trade Journals. The 

trade journals of this and other countries should 
be studied carefully and systematically, and 
from these also will be gleaned a great deal of 
useful information which may suggest new 
markets and give hints as to how they may bo 
reached. The trade and export journals keej) 
the manufacturer and merchant j>osted as to 
what his rivals are doing. 

Commercial Travellers Abroad. Kc- 
fercnce has already been made to the regulations 
and taxes for commercial travellers operating in 
foreign countries, and it is important that a 
merchant or manufacturer sending out repre- 
sentatives to get business abroad should know 
just what they arc. Any traveller soliciting 
business in these countries without the necessary 
licence is subject to a fine. The regulations 
vary in the different countries. 

France. In France, for instance, travellers 
may enter and go about quite freely, and their 
samples are admitted without the payment of 
duty. A deposit, however, has to be made, 
or a guarantee of payment given, for the amount 
that these goods would pay in the ordinary way. 
Each sample is marked, and the traveller under- 
takes to remove the goods from the country 
or place them in bond within twelve months. 
The de|K)8it is refunded when the goods are 
re-exported. 

Germany. In Germany there is very little 
in the way of regulation. The traveller can go 
about quite freely, but he must take out with 
the police or municipal authorities a licence, 
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coBiing one mark. In addition, there is a small 
tax to pay to the particular country of the 
empire in which the traveller is working. He 
may carry samples and patterns, but not the 
actual goods ho is selling, and even on samples, 
if the goods they represent are dutiable, the duty 
must be paid. 

Greece. This country places no restrictions 
on commercial travellers beyond the stipulation 
that they shall carry only samples that are of 
no cominerciial value. No duty has to be paid on 
these, provided they are re-exported within 
twelve months. 

Belgium. Here the traveller may come and 
go as he pleases, but in order to got his samples 
through free of duty he must get the British 
Customs authorities to mark or seal his samples 
when ho leaves England, and to give him a list 
of these, officially attested. Such document is 
accepted by the Belgian authorities as testifying 
that the samples are genuine and in order. 

Italy. In Italy commercial travellers are 
subject to no restrictions whatever, and genuine 
samples pay no duty. 

Spain. Commercial travellers here must 
carry certificates of identity issued by a Chamber 
of Commerce and bearing the seal of the Board 
of Trade. Then they may exercise their calling 
without hindrance. No fee or licence is necessary. 
Samples do not pay duty, but certain formalities 
have to be complied with to ensure that they 
u'ill be re-exported. 

Austria and Hungary. The traveller 
seeking orders must have a certificate of identity 
issued by a Chamber of Commerce or the mayor 
of his town, and there are various harassing 
regulations which greatly handicap business 
and make these countries a very difficult market. 
Except for a few lines of goods, the traveller 
is not allowed to seek orders from private 
individuals, and he must deal directly with the 
firms who actually use the goods offered. If, 
however, he has received a spontaneous invita- 
tion to cull, he may do so, but even then must 
confine himself to some particular lino of goods 
that has been asked for, and not- try to sell 
promiscuously a number of different lines. 
Samples are admitted free of duty, but a deposit 
or guarantee of the duty tliat would be payable 
in the ordinary course must be given, w^hich 
is refunded when the goods are re-exported. 
Patterns and samples arc carried by the Austro- 
Hungarian railways at a reduced rate, provided 
the traveller has a certificate from a Chamber of 
Commerce saying his goods are genuine samples. 

Holland. In Holland there are various 
restrictions. The traveller must first of all give, 
in writing, to the municipal authorities of the 
place first visited by him after May 1 — the 
opening of the Government's financial year — 
his name, address, and profession. Then he 
must secure from the burgomaster a certificate, 
which he must sign. This is not charged for, 
but before the traveller can obtain it he must 
produce a declaration from the ooUeotor of 
taxes that ho has paid the annual tax, equal to 
258., that is levied on 8ll oommeroial travellers. 
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Small ‘samples of no commercial value do not . 
have to pay duty, but in others the duty is leided, 
and refunded if the goods are re-exported within 
twelve months, and provided the burgomaster’s 
certificate is produced. 

Portugal. The traveller who is making a 
stay of more than a week in Portugal has to 
take out at his consulate a licence, which costs 
him 2s. 6d. Ho must then carry this to the 
police authorities and get them to endorse it, 
paying a fee equal to 7s. 4d. Samples are admitted 
free of duty, unless the duty that would be 
l)ayable oxceeds three hundred rois — equal to 
just over a shilling. In such a case fh© duty 
must be paid, but is refunded if the goods are 
re-exported within six months. 

Russia. The traveller going to Russia 
must bring with him a passport. Then on arriving 
he must take out at the Custom House a 
personal licence costing him fifty roubles — just 
over five guineas ; and a trading licence for his 
firm, which coats a hundred and fifty roubles — 
equal to about £15 16s. 6d. He must further 
pay certain provincial and town dues, each equal, 
to five guineas, and various local dues also have 
to be paid. But bcfoi*c ho can obtain any of the 
necessary licences in Russia, the traveller must 
show a certificate of licence to trade from a 
British Chamber of (Commerce ; and when he 
takes out a licence on behalf of his firm he must 
produce a power of attorney or letter of authorisa- 
tion from (ho firm. Duty has to be paid on all 
samples, but this is refunded when the samples 
are re-exported ; and there is no restriction 
08 to how long the samples may remain in the 
country. In Finland there is no tax whatever 
on commercial travellers. 

Switzerland. Hero the traveller must hove 
a licence, which is issued free pf charge to travellers 
selling goods to Swiss firms for resale, or for uce 
in their businesses. In other cases a charge of a 
hundred francs — about four pounds — is made for 
the licence. It lasts for six months, but a 
twelve months’ licence may be taken out, and 
the charge is then 150 francs (six pounds). 
In the first canton which he visits, the traveller 
must produce before the authorities a certifi.oat4 
of identity from a British Chamber of Commerce 
or mayor, declaring that the firm ho represents 
is authorised to do business in the United 
Kingdom. 

Denmark. This is a difficult country for 
the commercial traveller. On arriving he must 
obtain a licence available for one year, licences 
for shorter periods not being granted.*^ For 
this he pays the Customs authorities about nine 
pounds. If ho represents more than one firm, 
he must pav half the tax for each additional 
firm. In order to obtain the licence the traveller 
must, on his arrival in the countiy, produce a cer- 
tificate of authorisation si^ed by his firm, attested 
by a public notary, and vis^ by a Danish consul 
* II by any chance he cannot produce this cer* ’ 
tificate of authorisation, he can obtain, on 
payment of 64 kroner — ^that is, about lls. — 

a tempdrw licence allowing him to do his work; 
and if within four wedcs be takes out a tviSl 
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licence, the 64 kroner for the temporary one is 
returned. But his dealings with the authorities 
are not finished ; in every town he visits he 
must take his licence to both the police and the 
Customs authorities for them to endorse. The 
duty which has to bo paid on all samples is 
refunded if these goods arc re-exported within 
three months, but proof of identity that the 
samples are the ones on which the duty was 
paid is demanded. 

Norway. Here the traveller is obliged, 
directly he arrives, to obtain from the nearest 
police ofiice a trading licence, which costs a 
hundred kroner — about £5 11s. This lasts for 
only one month, and for every subsequent 
month that he remains ho must pay a similar 
charge. Duty ne(‘d not be })ai(l on samples 
that are without commercial value, and the duty 
on other samples is refunded when the goods are 
taken out of the country, 

Sweden. In Sweden the traveller must take 
out a licence, costing a hundred kroner (£5 11s.), 
and (ho rec(‘i])t for this sum, which he receives at 
the time of payment, must be shown to the police 
authoriticvS in (‘V(‘ry town he visits before* he 
begins doing business there. The licence lasts 
for thirty days only, and for every additional 
tiftetui days fifty kroner are charged. The 
arrangements as (o duty on samples arc veiy 
much the same as in the case of Norway. 

The Balkan States and Turkey, In 
Bulgaria, the traveller has to take out a licence 
costing three j)ounds for every six months, with 
an extra (*harge for every additional firm repre- 
sented by him, and to obtain tlui licence he must 
show a certificato from a British Chamber of 
Commerce or a British consul. In Ronniania 
the traveller must bring with him a pass])ort 
and a certificato from a Chamber of Conimereo. 
Then, on arriving, ho must g(^t from the police 
authorities a permit; and if Ik? declares that he 
intends to take orders from private individuals 
as well as from business firms, ho must take 
out a. quarterly licence, the fee varying according 
to the goods he is selling. In Servia the traveller 
must carry a certificate from a Chamber of 
Oommerco, a mayor, or a Servian consul. In 
Turkey the traveller needs no licence, but he 
must have a passport vis<^d by a Turkish consul. 

For other countries full particulars may be 
obtained from the Commercial Intelligence 
Branch of the Board of Trade, as indicated. 

Importance of Carrying a Passport. 

No business man intending to travel on the 
Continent should fail to obtain a passport b(?foro 
he sets out, for such a document is practically 
indispensable. It is quite easy for a British 
subject to secure a passport, although there 
seems to bo a general opinion, even among busi- 
ness people, that there are great difficulties in 
the way, or that much trouble will be involved. 
As a matter of fact, what the prospective 
traveller has to do is to write to the Passport 
Department of the Foreign Office, asking for the 
regulations that govern the issue of passports. 
In repljr, he will receive a copy, on the back of 
which IS a form of application and certificate* of 
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identity that must bo filled up, the latter being 
signed by the applicant’s doctor, banker, or 
solicitor, or by some other official person. The 
document is sent to the Passport Office with a 
fee of two shillings (postal order), and if the 
applicant lives in London he has to call for the 
passport and affix his signature to it. If he 
lives in the country, the passport is s(*nt to the 
person who signed the eortificate, and tliis person 
has to witness the applicant's signature to the 
document. The pass])ort will remain in force 
for five yi^ars, and at the end of that time it 
can bo renewed if it be sent to the Passport 
Office with a postal order for two shillings. 
For persons about to travel in Russia, Turkey, 
or Roumania th<5 passport must be vis6d by a 
consul of the country in question. 

Travellers Representing Several 
Firms. Reference has already been made to 
travellers rc'prcscnting mon; than one linn. Where 
business houses are making an effort to extend 
their trade in new markc*ts abroad, and wish to 
b(^ represented by a traveller, it is often a non- 
paying proposition to have a man repn\senting 
themselvtis alone. In such cases it is usual for 
a firm contemplating an extension of this kind 
to conununicate with other firms handling 
diiferent gootls, though in the same class, to 
share the expenses and tin* services of the 
traveller. The plan has been found to work 
quite satisfactorily, but of couise there must 
a distinct understanding as to the terms and 
methods of working. In other cases a traveller 
rc'prescnting one houses will get peuniission to 
find anoth(‘r firm which he can represent, but in 
any such case the first firm, of course, reserves 
th(‘ right of ap]>rovaI or disapproval of the 
second linn suggested. 

Hours of Business Abroad. British 
business men going abroad to seek new markets 
must bear in mind that office hours dilf(*r con- 
siderably from tiu* hours observed in the United 
Kingdom, Work starts much earlier, often at 
six in the morning, and continues later at tlu^ 
close of the day. But in many eountrics, es])(^- 
cially those where the climate is warm, as in 
Spain, Italy, and Portugal, the midday interval 
lasts for tw'o, three, or even more liours. In 
some parts of Germany there is a midday in- 
terval of a couple of hours. In the countries of 
Southern Europe the number of saint-days and 
fete-days, when business is suspended far exceed 
the few Bank Holidays known to England. 

A word must be said about dr(*as for the 
guidance of business men thinking of (ravelling 
abroad. There is far less formality than here, 
and an ordinary lounge suit with a soft felt hat 
is quite in order, and the recognised costume 
for all business calls cxcejit those of the most 
formal character. 

Need of Foreign Languages. Of course, 
it goes without saying that any merchant or 
manufacturer who is anxious to extend his 
business to new fields in foreign countries must 
see that all his communications with the traders 
of tlie country in question, whether they be by 
travellers or by letters, must be in the language 
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of the foreign countiy. Weights, measurements, 
and quotations, too, should be in the metric 
system. It is because rival commercial nations, 
such as the Germans and the Americans, adapted 
themselves in this way, and the British merchants 
for so long declined to take the necessary trouble 
to do so, that these rivals went ahead so rapidly. 
Dealing with this matter as it affected British 
interests in Koumania, our consul wrote some 
time ago ; “ It is pleasing, to observe that a 
greater number of British firms have endeavoured 
during the past year to establish commercial 
relations with Roumania, but it would be still 
more pleasing if British manufacturers would 
realise that, however artistically and attractively 
their pamphlets or price-lists may be got up, and 
however reasonable their prices, they are abso- 
lutely valueless from a commercial point of 
view so long as all information is written in 
English, with English priccij and measurements 
attached. Commercial men here do not know 
English (with individual exceptions), and will 
not bo bothered labouring through a catalojpie 
with the help of a dictionary and a comparative 
money-table. The bulk of the dealers here talk 
or understand German, and Germany and 
Austria-Hungary pour into the country German- 
speaking travellers, and price-lists and catalogues 
written in German, with the measurements and 
prices based on the decimal system. It is much 
to be regretted that British firms cannot sec 
their way to realise that, widespread as the 
English language is, it is not yet ubiquitous, 
and that it is simply a waste of printing and 
postage to send catalogues in English to countries 
where that language is not spoken. They need 
merely ask themselves how they would treat 
a catalogue written in Turkish, and may be 
assured that a similar fate undoubtt^dly awaits 
their own pamphlets.” 

Advertising to New Markets, Of course, 
advertising plays os large a part in a successful 
export trade as it does in a big home trade. 
The mere selling of a line of goods to an agent 
will not do much to increase business unless the 
foreign public is moved to ask for the goods. 
The various methods of advertising in the foreign 
country in which a new market is sought, should 
be studied. Posters, showcards, and the 
columns of newspapers all play their part-, but 
it must be remembered that, so far as the Con- 
tinent of Europe is concerned, displayed ad- 
vertisements, such as posters, etc., are on the 
whole more artistic than in this country. An- 
nouncements must, of course, be in the language 
of the people concerned. 

The Kinematograph on the Continent. 

On the Continent the kinematograph is used 
much more than it is here for the purpose of 
advertising ordinary commodities. A regular 
system has been devised of introducing comic 
and mysterious turns of general interest, wliich 
in the end lead up to an announcement about 
some article of household or everyday' use. 
For instance, there will be thrown on the screen 
scenes in a humorous competition among women 
as to which can wash out linen so as to produce 
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the best result in the shortest possible time. 
All but one will work like Trojans, and appa* 
rently fail to get satisfactory results, but there 
will be one washerwoman wno, without making 
much effort, will hold up a spotless garment. 
Then as the explanation of her success she 
exhibits a packet of So-and-so’s soap. A comic 
story will be shown centring round a mysterious 
parcel that is found in the street, and this in 
the end is opened, and proves to be Such-and- 
such a firm’s cocoa. Or a package will dance 
on to the screen, and, after going through various 
antics, will open, apparently without human aid, 
and from it ‘will march an endless stream of 
bottles of So-and-so’s soup essence. The British 
merchant or manufacturer seeking to make a 
profitable market for his goods on the Continent, 
particularly in Germany, cannot afford to ignore 
this very popular form of advertising. 

T ransport. Methods and routes of transport 
to the markets sought must be carefully studied. 
The fact that the state owns the railways 
and waterways in so many foreign countries 
simplifies matters a great deal, and through 
routes by rail, river, and sea arc a great boon. 
Particulars of routes and rates may be obtained 
by application to the offices of the State Rail- 
ways of various countries, some of which have 
branches in London. The whole question of 
routes abroad is a big one, which needs ex- 
haustive study by any merchant or manufac- 
turer who seeks to extend his business. 

The C.O.D. System. There are many 
advantages which the trader abroad enjoys 
which are not available in the United Kingdom. 
The C.O.D. (cash on delivery) system, for 
instance, is brought to a very high state df 
efficiency in Continental countries. The Post 
Office, by this system, undertakes to collect the 
cost of a parcel at the time of delivery ; and as 
the different countries participate in the arrange- 
ment, it is possible to send goods from one 
country to another, getting the Post Office to 
collect the debt at the time of delivery, and to 
forward to the seller. In this w*ay neither the 
buyer nor the seller has to worry whether the 
other party to the transaction is honest or not. ^ 
The goods are sent C.O.D., and so the buy^ 
cannot lose his money, as he does not send it on 
first ; nor can the seller be swindled, for the goods 
are not delivered without the cash. Goods may 
also be sent by rail or by water, C.O.D. 

Government Monopolies Abroad. It 

m\ist bo remembered that in several jEoreign 
countries the Government has a monopoly 
of certain lines of business. In France, Austria, 
Italy, and Roumania, for instance, the whole 
of the manufacture and sale of tobacco, cigars, 
and cigarettes is exclusively in the hands of 
the Government. The French and Roumanian 
Governments also reserve to themselves a mono- 
poly of the sale of matches; Eoiimania adds 
playing-cards to her other Government mono- 
polies, and Italy salt, while in Switzerland the 
Government monopolies are salt, gunpowder, 
and the preparation of alcohol. 

CHARLES RAY 
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What Colour is. Why the Sky Is Blue. The Oust and the Sunset. 

Complementary Colours. The Mind and Colour. Vision. Colour Blindness. 

THE MYSTERY OF COLOUR 

knov/ vh'it colour is essentially — that but it is unquestionably true as far as it goes; 
it is precisely comparable to pitch in and it applies alike to bodies which are rod by 

Gound, and that one pure colour differs from transmitted light and those which are red by 

another, if the complications introduced by our reflected light. A piece of red paper is red 

seeing apparatus bo ignored, neither more nor because it absorbs all the constituents of the 

less than red differs from the infra-red heat white light which falls upon it, except the red 
rays, or F from G. which it reflects. 

How Colour is Made. Colour is a mat- These assertions can easily be prov'cd by 

ter of wave length and of frequency of vibra- experiment upon the spec-trum. Wo find (hat a 

tion. Tlie onw'ard speed of all forms of light piece of red glass reduces the spectrum of white 
is the same. Indeed, we have seen that this light to its red elements, cutting off the others, 
speed is one and the same for ethereal vibra- while a piece of ithI paper appears red in the 
tions in general, and not merely for the octave red part of the sj)ectrum. but black everywhere 
we call light ; but the factor of time enters in an else — because it is compelled to absorb all light 
entirely different way into our study of light, except red. 

For though red and violet light both pass onwards What Makes the Sky Blue ? It is this 

at the same speed, the vibrations constituting the principle of selection whi(‘h explains many of 
first occur at the rate of four hundred billions the most glorious colours of Xature. If we ignore, 
(400 millions of millions) per second, wJiile those as wo may, the sbirs, nebuhe and comets, and 
constituting the latter are about twice as fre- the moon and planets that gain their light from 
quell t. There is a due proportion between wave the sun, (hen all (ho colours of the sky and s(‘fi 
length and frequency, so that as the wave length and land arc to l>c iHjfcrred to the whiter liglit 
becomes shorter the frequency of tho vibrations of the sun. AVhy, then, should the sky bo blue ? 
increases. It is when we think in terms of This subject was v(*ry carefully studic'd by 
frequency per second that we recognise, most Professor Tyndall, who showed, now about fifty 
completely, the precise parallelism between years ago, that the (‘xplanation is to bo found in 
colour and pitch. Wo turn now to a further the presence of exc(‘ssivcly fine particles that 
study of colour as dependent upon the relation float in tho atmospheic and, because t)i(*y aro 
between ethereal waves and material matter ; so fine, scatbT light of very short wave l(‘ngths, 
‘and also as d(*pendent upon the peculiarities of while allowing light of longer wave lengths to 
our retina). The analogy with somid will help pass ihrougli. boiibtless there is a certain 
us no longer, but we shall be helped, in some amoimt of scattering of all tho rays, but the 
measure, by our previous study of Radiant Heat, short blue wav(?s are much more scattered than 
Why Red is Red. It was a saying the others, and thus endow tho sky with its bluo 
of St. Augustine’s that light is the queen colour. It is a som(‘\vhat prosaic explanation 
of colours. We may read a modern meaning of the spendid colour which we associate with tho 
into this if we consider the roa.son why a piece firmc^ncmt, that it is due merely to minute 
of red glass appears red. So long as no light is particles of “ dust ” in our atmosphere — tho 
allowed to fall upon or pass through the glass total thickness of which, of eoursc. as companjd 
it has no colour, but is as black as everything with celestial distances, is infinitesimal, 
else about it. Its redness, then, depends upon How the Dust Paints the Sunset, 

the manner in which it acts on the light which Jlefercnce has already been made to tho 

it receives. White light is the queen of colours peculiar shape presented by the sim when it is 
bccaqse it contains all the colours, and a piece very near tlie horizon. It is now our business 
of red glass is red because it transmits the red to explain the magnificent colouring which 
eleinents in white light, but is opaque to all the w^e see at sunrise and at sunset. The light 
others. Why it should be transparent to red, leaving the sun is white at all times. Wliat, 
but opaque to everything else, is a further then, is tho reason of the apparent redness of 
question which we can make no attempt what- tho sim when it is near tho horizon, and of tho 
ever to answer. If the reader will consider it colouring that is produced around it ? Tho 
for a moment, he will see how difficult it is, and answer is that when tho sun is near the horizon, 
how entirely it depends upon an adequate and the rays are piercing the atmosphere very 
knowledge of the nature of matter itself. obliquely in order to reai^h our eyes, its light is 

Meanwhile, we must content ourselves with affected much more by the particles in our 
tho empirical unexplained fact that certain kinds atmosphere than when the sun is overhead — 
of matter have certain relations to ethereal since it encounters more on its way. As must 
wwes of certain lengths. The explanation of be, the bluo rays aro esixjcially scattered, and it 
the redness of a red object is thus only partial, is by the red rays especially Uiat wo see tho sun 

SOURCES AND USES OF POWER, PRIME MOVERS, POWER IN THE FUTURE 
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at suoh times. Every Londoner is familiar with 
the fact that the presence of an exceptional 
amount of dust in the atmosphere on a foggy 
day similarly affects the appearance of the sun. 
Indeed, it may be said that the sun is never 
^^’llite in London, but is yellow even at noonday. 
It was once remarked by M. Rodin, the 
great French sculptor, that Londoners are 
fortunate in the magnificent effects of colour 
which their sky often yields them. This is some 
compensation, but a very inadequate one, for 
the filthy and health-destroying fashion in 
which we burn our coal. Lastly, it may be 
noted that whenever a large amount of volcanic 
dust is thrown into the atmosphere exception- 
ally brilliant and magnificent simsets are 
observed. This was the case after the eruption 
of Krakatoa, the eruption at Martinique, and 
the last eruption of Vesuvius. 

Complementary Colours. We now turn 
to a subject which is on the borderland betwe n 
physios and psychology, and \^'hich can never 
be properly understood unless we are car(‘ful 
constantly to distinguish between the phe- 
nomena which have a physical or objective 
explanation and those whieli have a jisycho- 
logical or subjective explanation. Let us begin, 
first of all, with the physical. 

It is the physical fact that the light which we 
call white can be decomposed into a spectrum. 
It is also, as might be expected, the fact that 
the various colours thus decomposed can bo 
re-composcd or combined so as to form white 
light again. This can be done by throwing the 
spectrum on to a series of mirrors, so placed 
that they all throw the light falling upon them 
on the same spot on a dark screen. The spot 
reflecting to the eye simultaneously this mixture 
of rays will appear white. Various other means 
will produce the same result, provided that, as 
in this case, not only are all the necessary colours 
present, but tliey are present in the proportions 
in which they exist in white light. Now, if we 
manipulate our apparatus so as to prevent the 
green constituent of the light from falling upon 
the screen, we shall find that the illuminated 
part of the screen is no longer white, but red ; 
or, if the yellow constituent of the light be inter- 
fered with, the spot will appear blue. The 
relation between such colours as blue and 
yellow which, taken together, form white light — 
80 far as our eyes are conctsrned — is ex- 
pressed by the word complementary. This means 
that if white light be taken as full light, blue 
fills up yellow to that fulness (Latin plea, I fill). 

The Absorption of Light. We must 
distinguish very carefully, however, between the 
behaviour of lights of complementary colours, 
such as blue and yellow, and pigments of coire- 
sponding colours. If blue and yellow lights are 
mixed together, the result is white light, but, 
as everyone knows, if blue and yellow paint are 
mixed together, the result is not white paint, but 
green paint. For the moment this may appear 
paradoxical, but it will seem so no longer if we 
think more carefully of the difference between 
the two cases. In the case of the paints, their 
colour depends solely, as we have already seen, 
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upon the colour of the light which they are not 
able to absorb. The light which cannot be 
absorl^d by blue paint, but is reflected by it, 
is green, blue, and violet. Similarly, yelloTv 
paint reflects merely red, yellow, and green. 
This is as much as to say that when the two 
paints are mixed, the only colour which they 
cannot absorb between them is green, and hence 
that is the colour of the mixture. 

A simple device will show the difference 
between mixing blue and yellow paints and blue 
and yellow lights. The latter can easily be done 
by any of many methods, and the result is the 
production of a white or grey light. 

Colour Impressions on the Eye. 
Newton began the study of this subject by 
a very simple and effective method, “ the 
use of rotating discs which quickly super- 
pose on the same area of retina different 
impressions of colour.” Newton gave precise 
direct t ions for the size of the seven sectors 
bearing the seven colours, from rod to violet, 
wliieh were to be painted on a disc of cardboard, 
so that, when the disc was rapidly rotated, it 
appetired to bo of a uniform grey, approaching 
more and more to whiteness in proportion to 
the strength of the light by which it was illu- 
minated. Clerk-Maxwell had the excellent idea 
of applying Newt^on’s colour disc so as to make 
a colour- top. This is simply a flat top of a size 
suitable for holding a number of coloured discs, 
made with a hole at the centre so that they can 
slip over the handle of the top. Each disc has a 
slit in it, so that various pairs of discs may bo 
fitted into one another, simultaneously exposing 
various pairs of colours in any proportions that 
may be desired. Then the desired result unr 
obtained as soon as the top is rapidly spun. As 
the top rotates more slowly, the retina becomes 
unable to retain the successive impressions long 
enough for their combination, and thus suc- 
cessive flashes of colour are seen. 

Deceiving the Eye. There are various wavs 
in which the retina may be deceived so that the 
sensations of complementary colours are sub- 
jectively produced. Thus, after looking at a red 
spot very fixedly for a few seconds, one sees a 
green spot of similar size when one turns theeyo 
to a white surface. The explanation of &is 
extremely interesting though familiar fact is that 
the retina has refus^ to respond to the red con- 
stituent of the white light which is sent to k from 
a white surface, and so interprets the whito light 
as green. We may possibly discern some further 
explanation of this when we turn toj^ colour 
vision. Complementary colour sensatio&t may 
also be produced subjectively by what are called 
Oorham's disesy and by various other methods. 
In all such cases the explanation is beyond the 
reach of pure physics, and must be sought in the 
facts of colour vision. 

In anotlier respect, also, the retina may be 
deceived. It interprets as simply yellow li^ht two 
entirely distinct forms of external sumulusl 
The yellow light which, as we have seen, is given 
out sodium, is a pure mono-chromatic yi^ow, 
all consisting of vibrations of one and the same 
length. But vario^ other colours may be so 
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artfully mixed that when their combination is 
submitted to the eye it interprets them also as 
yellow. In other w'ords, the eye has no power 
whatever of distinguishing bt^tween a pure 
colour and a mixed colour. 

The Brain and Colour Sensations. 
The explanation of these subjective colour sensa- 
tions, as also the discussion of the circumstances in 
which they are aroused, is of the utmost interest 
in relation to painting and the kindred arts. 
Tlicrc is .some evid(mce to show that these comple- 
mentary sensations are not duo to anything that 
happens in the retina itself, but to the behaviour 
of the vision centre at the back of the brain. 
Thus, for instance, if one eye be closed and a 
brilliantly-coloured object be looked at with the 
open eye, the complementary colour sensation 
may be seen in the closed eye, which suggests 
that, in some mysterious w'ay, the fir.st colour 
appears in one ])art of the vision centre in the 
brain, and its ef)mplementary appears in the 
remainder. Then, again, if a colour and its 
complementary are seen at one and the same 
time, each appears richer and finer than it other- 
wise would — a fact which is apparently to be 
explained by the theory that each colour pro- 
duces the other —or, rather, a sensation of the 
other — in that part of the vision centre which it 
is not itself affecting. This it is which explains tin? 
agreeable clTect of contrast, provided that it be 
a harmonious and not a discordant contrast. 
What wo call a harmony of colours probably 
depends on the process which we have just 
described — eacli component of the “ chord ” of 
colours producing its complement in the part of 
the vision centre which it is not itself stimulating. 

Cao Colour be Standardised 7 There 
are certain elements or constants or physiological 
characters which are associated with every 
colour, and wo must try to analyse iliCvse and to 
use, in this analysis, a scries of definite terms. 
In point of fact, common language is never 
looser than when discussing colour. The language 
of art criticism is equally defective in this re- 
spect, words like tons and ahade being used with 
extraordinary elasticity. It may also be noted — 
though we have no present reintnly to offer for 
it — f£at the notation or terminology of colours 
in general is extremely defective. vSuch a term 
ai§ redt of course, includes colours of very different 
wave lengths, and our attempts to define a par- 
ticular kind of red are as often misleading as not. 
Very many students have attempted to devise 
some kind of notation for practical use, but none 
of these have hitherto been successful. Thus, 
when a lady wants to match a particular colour, 
she cannot write to the shop and say that she 
wants a red of 358 billions (358,000,000 millions) 
per second, but has to go and take a piece of 
the stuff with her. If we remember the anak>gy 
between colour and pitch, we shall see that there 
is no inherent reason why colours should not be 
standardised just as musical instruments are 
standardised to English or French pitch. 

The Elements of Colour. The first 
character of any colour is its Hue or tone. This 
depends absolutely and without qualification 


upon the wave length and frequency, and needs 
no further discussion. 

In the second place, there is the character 
sometimes described as purity and sometimes as 
saturation. The word tint is sometimes employed 
to describe this character, but most unfortunately 
so. The saturation or purity of a colour depends 
upon the amount of white which is contained in 
the colour. A perfectly pure or saturated colour, 
such as any of the pure colours of the spectrum, 
contains no white whatever ; whereas the more 
the admixture of white with the colour, the less 
pure it is. Plainly there may be an infinite 
number of degrees of saturation from, for instance, 
an absolutely pure red, on the one hand, to a 
colour, on the other hand, whicli one would 
dcscril)e as a white having the faintest possible 
ting<^ of red. 

The third character of any given colour is 
indicated by such words as brufhtness, lumijwsity^ 
and shade. The best word for its description, 
however, is intensity. The intensity of a colour, 
in any given (uise, may be determined by two 
factors. In the case of a given eye at a given 
time, it depends upon only one factor — namely, 
the extent or amplitude of the ethereal vibra- 
tions. It may range, of course, from the most 
brilliant and luminous to the darkest and most 
sombre shades. 

A Red Rag to a Bull. Our use of the 

word amplitude will at once have shown the 
reader that intensity or brightness in the case of 
colour is absolutely parallel in every respect 
to loudness in the case of sound. But it must 
also be remt*m bored —and this is true of sound as 
well — that there is a subjective or physiological 
factor which dotcrmiiu's brightness or intensity, 
for one and the same colour may appear intoler- 
ably bright to one eye, while it is almost sombre 
to another. As an instance, we may take the 
colour red, often known as the dynamogenoas 
colour — that is, the colour which produces farce. 
We must Ixdieve that a red which has no marked 
effect upon ourselves has a far more intense 
influence upon the retina of a bull, which it may 
arouse to behaviour justifying the name of 
dynamogenous. In certain morbid states of the 
brain, and in certain criminals and in lunatics, u 
red colour may act similarly. 

Perhaps the oldest and simplest theory of 
colour vision was that the visual cells of the 
retina — the rods and cones — are thrown into 
vibration in unison with the ethereal vibra- 
tions that excite them. This theory has to be 
dismissed if only because such rapidity of move- 
ment of ponderable matter, as distinguished 
from ether, is quite inconceivable. The light 
energy cannot merely be transferred to the 
visual cells ; it must bo transformed. Wo have 
already noted certain consequences of this trans- 
formation — electrical consequences, changes in 
the pigment cells, and so on. 

The Theory of Colour Vision. The 
most widely accepted theory of colour vision, or 
colour perception^ as it is somewhai undesirably 
called, goes by the names of Young and Helm- 
holtz. The theory appropriately comes from 
these two great men, since they W'ere botli 
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originaJJy doctors, who, having received a physio- 
logical training, then turned their attention to 
physics. It was propounded by Young in 1807, 
being thus scarcely less than a century old, and 
was revised and elaborated by Helmholtz in 
1852. This theory begins by taking into account 
the known fact that wo are not capable of receiTing 
simple colour sensations corresponding to every 
colour in the spectrum, but that if three i)rimary 
colours are allowed us, their combinations will 
yield us impressions equivalent to all colours. 

assumption, then, is that our vision is tri- 
chromic — that is to say, that it is based upon 
three primary colour sensations. The Young- 
Helmholtz theory avssumas, then, that the retina 
must contain three kinds of photo-chemical 
substances — that is, substances which can be 
chemically influenced by light. These three 
substances are respectively sensitive to the 
three “ primary ’* colours — red, greeny and blue 
or violet. (Thus “primary” here has only a 
physiological moaning — not a i)hy8ical.) 

flow Colour Strikes the Mind. These 
three substances are supposed to be connected 
with three corresponding sets of nerve fibres, 
and these fibres convey to the brain impulses 
in various proportions according to the wave 
length of the light with which the retina is 
stimulated. The following is the statement of 
Hehnholtz as to what actually happens under 
stimulation by various colours, according to the 
trichromio theory of vision ; 

“ 1. Red excites strongly the fibres sensitive 
to red, and feebly the other two — sensation, Red 

“ 2. Yellow excites moderately the fibres sensi- 
tive to red and green, feebly the violet — sensation. 
Yellow. 

“ 3. Green excites strongly the green, feebly 
the other two — sensation. Green. 

“ 4. Blue excites moderately the fibres sensitive 
to green and violet, and feebly the red — sensation. 
Blue. 

“ 5. Violet excites strongly the fibres sensitive 
to violet, and feebly the other two — sensation, 
Violet. 

“ 6. When the excitation is nearly equal for the 
three kinds of fibres, then the sensation is White.” 

The arguments for and against this theory 
might be discussed at any length. Its most 
celebrated modification is known as Hering^a 
theory^ and is about a quarter of a century old. 
It is really a modification of Young’s theory. 
Both of these theories, and also all other 
theories that have been put forward, find 
their most important illustrations and tests in 
the extremely interesting and important fact 
known as colour-blindness. 

Colourobllndness. It is not our busi- 
ness here to discuss colour-blindness as a disease, 
nor its extraordinarv transmission from grand- 
father to grandson hy means of an intervening 
daughter and mother who does not herself suffer. 
We have to discuss the disease in relation to its 
physics, and as re^rds its practical consequences. 
It was first namM by Sir I>avid Brewster. The 
most famous cose on record is that of the 
illustrious ehemist John 'Dalton, who had red- 


blindness,” and studied his own condition in the 
year 1794, by the aid of the spectrum. Hence 
the disease is often known as Daltonism. 

We may briefly note some forms of colour- 
blindness. In complete colour-blindness, ‘*the 
spectrum appears in shades of grey throughout, 
being lightest in the position of the yellow-green, 
and darkest at each end. A coloured picture 
appears like a photograph or an engraving. 
According to the Young-Holmholtz theory, such 
cases are explicable on the assumption that all 
the three photo-chemical substances are alike,” 
as is indeed believed to be normally the case in 
the outlying portions of the retina, which can 
readily be proved to be incapable of perceiving 
colour. In other cases the whole spectrum may 
appear in shades of one colour, suggesting that 
only one photo-chemical substance is present. 

Partial Colour-blindness. But the 
common condition met is partial colour-blind- 
ness, which’ may be either green-blindness, 
blue- blindness, or red-blindness. Of these the 
most important are the first and last. In green- 
blindness the spectrum is not shortened, but 
contains no green. Furthermore, it is di-chromic 
— that is, consists of only two colours, with or 
wit hout a neutral area of grey. The two colours 
composing the spectrum are a reddish-yellow 
and blue. Such patients confuse bright green 
with dark red, and cannot see at all a dark 
green letter on a black ground. 

In red’blindnessy or Daltonism proper, the 
spectrum is shortened, since the red end is absent, 
and it consists merely of two colours — ^yellow 
and blue. Such patients cannot distinguish 
between dark green and light red, nor can they 
see a dark red letter on a black ground. 

Here we can merely allude to cases of incom- 
plete colour-blindness, the range of which may 
l)e indefinitely extended. It is unquestionable 
that the eye of the painter* sees very differently 
from the eye of the average person who, rela- 
tively to the painter, certainly suffers from incom- 
plete colour-blindness. When a lady complained 
to Turner that she could not see all those 
colours in the sunset, he replied, ” Ah ! madam, 
don’t you wish you could ? ” 

The Consequences of Colour«bllnd» 
ness. Colour-blindness is mainly a disease 
of the male sex. In all nations, about 3^ per 
cent, of the men are colour-blind. Now, 
green, and white are universally adopt^ as 
signals to indicate danger and safety, and 
these are just the colours which the colour- 
blind men mistake. On the other hand, 
other colours cannot be substituted ^or^bte, 
since they do not transmit nearly so muoirof 
the light behind them. Thus, it is necessary 
to exclude colour-blind men from such work as 
that of signalmen ; and this is done by causing 
them to matoh coloured worsteds* In order to 
study the colour sense most perfectly, we should 
employ the pure spectral colours, 1tod .Lord 
Rayleigh, among others, constructed instruments 
for this purpose. The worsted test universally’ 
goes by the name of Holmgren^ of Upsala, who 
was the first to employ it in a ^tematio way. 

G W. SALEEBY 
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Various Forms of Bonds. The Formation of Brick Walis. Bonding 
with Mixed Materials. Building and Bonding Curved Walls. 

THE BONDING OF BRICKWORK 


In any wall or structure not cut out of solid 
* material, but formed of a multiplicity of parts, 
each of which is small in bulk compared with the 
wall into w'hich it is built, it is inevitable that 
there must bo many joints. Some of those are 
approximately or accurately horizontal, and some 
8;j*e approximately or accurately vcu'tical. The 
jlorizontal joint may extend through the whole 
thickness and length of the structure, if the 
portions of which it is built bo of uniform size 
and have horizontal surfaces, and this condition 
is met with in all brick walls. The layer of 
materials placed between two such level surfaces 
is termed a courfio. Where the sizti of the block is 
not regular, even when the beds are horizontal, 
the horizontal joints may not be found continu- 
ously at the same level, and this condition is 
met with in some forms of stone walling. [Sec 
Masonky.] Unless some provision is made to 
prevent it, there is a danger that the vertical 
joints, like the horizontal ones, may continue 
throughout the wall from base to top, and while 
a level horizontal course is an advantages in 
constructing walls, a vertical joint extending 
through more than a single co\irso is termed 
a straight joints and is a source of weakness. 

Effect of Straight Joints. If such 
straight joints extend from top to bottom of a 
wall, wo should have, in fact, a series of small 
piers placed side by side having no <!onnection 
with the pier on either side, except the mortar 
joint [41 and 42]. If such a pier is subjecU d to 
a load that is different from the load on the pier 
on either side, it may bo thrust out of the line of 
the wall, or it may be crushed if not strong 
enough by itself to carry such load, or it may be 
caused to subside. 

It is of equal importance that there should not 
be a straight joint in the cross-section of the wall, 
for if no alteration bo made in planning the 
Buooessive courses, a thick wall, such as that 
shown in 45, would be, in fact, formed of two 
thin walls placed side by side, and a load that was 
home on the inner half of the wall would convey 
none of its pressure to the outer half, and might 
settle down under the burden by itself, whereas 
a wall that is properly bonded in cross-scction 
[4tt will have any load that bears on a given 
poil|^ distributed throughout its thickness as 
well as along its length. 

Bonding, which is used to prevent such a form 
of construction, is the placing of the vertical 
joints in every course so that they shall not, 
except whore it is inevitable, coincide with the 
vertical joints in the course immediately below 
it. The result of such an aiTangement is that 
the materials in one course interlock with those 
in the courses above and below it. A wall is thus 


formed which no longer consists of independent 
piers, but is homogeneous in character, and the 
burden of a load supported at any one part of it 
is distributed by successive courses over an ever 
widening area [43]. 

BricK Bond. It is necessary to boar in 
mind that the bricks of any one class of manu- 
facture are practically identical in size and shape, 
and that any trilling irregularities can bo 
corrected by an adjustment of the thickness of 
the mortar joint. In building, therefore, with 
materials that are uniform in size and of siioh a 
shape that tw'O of them, laid fiat and sidt^ by sides 
form a nearly exact square, straight joints are 
veiy liable to occur if the \vork is carelessly put 
together ; but, on the other hand, a eompara- 
tivt^ly simple adjustmemt, if properly carried out, 
suffices to obviate the danger entirely. 

There are various methods of making tlie 
nec(‘Ksary adjustments, and various methods of 
arranging the bricks in a wall, and in particular 
on the face of the wall. Where di (Terences in 
arrangements of the bricks affect the appearance 
of the wall, the terms applied to different variiN 
ties of walling depend on the style of bond in 
which they are built. 

Forms of BricK for Bonding. Before 
describing the various forms and methods of 
bonding, a f(^w general b*rms must be made 
clear. A hfd is half of a brick broken across its 
length. Usually, bricks are broken so as to bo 
one quarter and thrive quarU^rs in length, or each 
one half, and arc (h^Kcribed as quarter bats, luilf 
bats, or three-quarter bats [10 and 11, page 215()1. 
They may be cut with the trowel from a whoh^ 
brick, but in the process of carting, unloading, 
and stacking bricks, some alw’ays get broken, and 
th(*se are utilised for such purposes, and can be 
cut if reiiuircd to any requisite length. A chser 
is a brick cut in h.alf in a direction parallel to its 
length, called a queen closer [6, page 2456], or so 
as to show a width of in. on the face of tho 
wall, and the full width of 4J in. at the back, 
called a kirig closer [5 and 9, page 2456 ]. In 
practice, a queen closer is difficult to cut, and is 
not often specially moulded ; two quarter bats 
arc generally used in place of it. [See dotted lines 6, 
page 2456.] A brick placed in a wall so that one 
of its long sides shows on the face of the wall is 
called a stretcher [ZBI; and a course consisting 
entirely of bricks* so jjlaced is called a stretcher 
course [38, course 1], A brick placed so lliat 
one of its ends shows on the face is called a 
header, and a course consisting entirely of such 
bricks is called a header course [38, course 2]. 

Describing Thicknesses of Walls. 
The thicknesses of a wall may be described by 
tho number of headers contained in its total 
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thickness — thus, a ono-brick, two-briok, throe- 
brick wall, etc. ; if the wall be only a half-brick 
thick, or is a multiple of a half- brick in thickness, 
it may bo desc-cibed as a one-and-a-half brick, two- 
and-a-half brick wall, etc. The convenience of 
this description is that it satisfactorily describes 
the wall for all types of bricks, not only for the 
ordinary sized brick [1, page 2450], but for bricks 
that may run a little larger or smaller. Tlie 
thickness of a wall may also be described by the 
number of inches in its thickness — thus, a in. 
wall = a half-brick wall ; a 9 in. wall == a ono- 
brick wall. A brick-and-a-half wall is sometimes 
spoken of as a 13J in., and sometimes as a 14 in. 
wall, for by using a thick mortar joint in the 
thickness of the wall it may be brought up to this 
larger dimension. An 18 in. wall — a two- brick, 
and so on ; but this description is only accurate 
when bricks of the ordinary standard size are 
being employed. 

English Bond. English bond, which, 
from a structural point of view, is the best for all 
ordinary walling when the thickness is one brick 
or \ipwards, is forintMl when, in clevaHoii. evciy 
course is cither a complete header course or a 
complete stretcher course [38]. Stretchers are 
never used in the interior of a thick wall, but only 
on the inner or outer face of such a wall 
When the thickness of the wall is the exact 
multiple of a brick, each course will show alike 
on the inner and outer face of the wall — f.e., 
either both sid(is will show headers or both 
stretchers. [See examples of one-brick and two- 
brick walls in 38]. If there be an odd half 
brick in the thickness of the wall, the course 
that shows stretchers on the outer face will show 
headers on the inner face, and vice versa. (Sec 
one-and-a-half and two-and-a-half brick wall in 
38.] When a wall is returned at the end — that 
is to say, is contimu*d in a direction at right 
angles to its former direction — the course that 
shows stretchers on the main front will show 
headers on the return front, and vict? versa. 

Finishing Ends of Walls. All the 
plans on the general sheet of bonding show walls 
which on the left-hand side have returned ends, 
and it will be noticed that in every case course 1 
has closers inserted next the angle brick to 
bond the return wall, and in course 2 has 
closers inserted next the angle brick in that 
course to bond the front wall. It will, of course, 
be understood that the angle brick in course 1 
ranks as a litretcher so far as the front wall is 
concerned, but is a header if considered in fftation 
to the return wall. 

On tlie right-hand side of each plan the wall 
is shown to have a stopped end — that is, the wall 
is finished there without any return or reveal. 
All such ends require special attention to secure 
a satisfactory finish and perfect bonding. 

Laying the Stretcher Course. We 
shall now consider the bonding of a wall which 
is an exact multiple of a brick in thickness, and 
commence with the stretcher course [38, course 1], 
Such a coarse, whether the wall be one, two, three, 
or any other multiple of a brick thick, will have 
a row of stretchers from end to end 

on the outer face, alMi g similar row on the inner 


face. If the wall be one brick thiok Aese two 
rows will complete thd course, and the bricks 
in them should lie exactly side by side, so that 
the joints which run from back to front of the 
wall run straight through from face to face 
without any break in their length. If the wall 
be a two-brick wall there wifi be one row of 
headers m the interior of the wall separating 
the stretchers ; if it be a three-brick wall there 
will be two such rows of headers, and so on. But 
note that in all cases the headers are laid so that 
two are placed exactly behind a stretcher, and, 
whatever the thickness of the wall, the joints that 
run from front to back do so without any break. 
We shall fissunie for the moment that the length 
of our w^all is an exact multiple of 9 in., and that 
it will therefore contain an exact number of 
header bricks. But, of course, this is not always 
the case. If our wall be not an exact multiple 
of a brick in thickness, but contain an odd half 
brick, the only difference will be that the row of 
stretchers on the inner face will bo omitted, 
and a brick-and-a half wall will have one row 
of stretchers on the face and one row of headers 
behind ; a two-and-d-ha;!f brick wall; one row of 
stretchers and two rows of headers, and so on. 

Laying the Header Cemrse* If this 
course [38, course 2] consisted literally of 
nothing but headers, wo should have a wall 
without bond [41]. It is in this course that the 
closers are introduced ; but \riiatevor the length 
of the wall, so long as there is no opening or return 
in it, there will never be more than two closers, 
one of which occurs at each end of the course. 
For the purpose of bonding, any intermption 
in the continuity of the brickwork, such os that 
due to the opening for a door or window, may 
be considered to divide a long wall up into a 
scries of short lengths, each of which must be 
provided with the closers for bonding. In laying 
this course recollect that a^header always forms 
the end brick. 

The whole thickness of the wall in this course, 
if it be an exact multiple ofrd brick, is formed 
with headers, and foi every brick in the thickness 
of the wall there will be a header in the plan. In 
this course, as in the stretcher course, the joints 
at right angles to the face will run straight thi^ugh 
from back to front in an ui^roken line^ , .. 

be an odd half brick in the thickness 
a stretcher course is employed on tlm 

Position of the Closer. closer 

shoidd never form the angle brick, for as it is 
only 2i in. wide, it would be very liable to become 
dislodged, but it must always form the next 
brick to the angle header. It should extend 
right through the thickness of the walFto be 
bonded from the front to the back. Theoretic* 
ally, a queen closer should be used for every 
header in the thickness of the wall, but in 
practice, except for work of quite an exceptional 
character, two quarto-bats are used form the 
closer fsIF each brick in thicknera, ‘St be 
seen [ 48 ] that the width of the anj^e header 
(4| in.) plus the width of the closer (2^ in.) make* 
together 6| in., which leaves 2| in. between this 
vertioaL joint and the first joint in the ooutao 
below,' and thaiiiBS the face of the next header 
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is 4J in., the vertical joint beyond it will 
also be in. beyond the first veitical joint in 
the stretcher course. This horizontal aistance 
is termed lap. Beyond this point, as two 
headers together equal in width one stretcher, 
the same distance between the vertical joints in 
the header and stretcher course will be maintfiined 
till the other end of the wall is reached, and the 
closer at that end is inserted to give a corre- 
sponding break and finish to the wall. A wall, 
whatever its height, will consist entirely of suc- 
cessive courses, in which the two above described 
will alternate regularly. 

Adjusting Bond to Walls of Various 
Lengths* We assumed for the moment 
that the length of our wall was an exact 
multiple of a brick in length ; but this may not 
always be the case. Suppose there be an odd 
half brick in the length, the only adjustment 
required will bo that at or near the centre of 
every stretcher course a half-bat be inserted [46]. 
In building with such a material as brick, if good 
and economical work be required, the limitations 
it imjxiBeB must be considered, and no short length 
of brick wall should be sot out except as a multi [)le 
of a half-brick in length as well as thickness. 
In the case of a long wall this point is not of 
importance ; in such a wall there will be so 
many vortical joints that by a little fulness — 
».c., an extra amount of mortar — in the joint, 
or a little tightness — i.e., a reduced amount of 
mortar — in the joint, some definite number of 
headers may bo worked into its length. 

Absence of Straight Joints in 
English Bond. In the case of a wall 
constructed in English bond [38], if the plans 
of the two courses of any wall be traced and 
placed one above another, it will be noticed 
that if queen closers are used there will be no 
position either on the face or in the heart or 
thickness of the wall in which the vortical 
joints in one course coincide with the vertical 
joints in the course below. If quarter-bats be 
used in place of queen closers such coincidence 
will exist only where the extra joints thus intro- 
duced occur. Such a coincidence, as already 
explained, forms a straight joint, and if it occurs 
in two successive joints, note that it will run 
throughout the whole height of the wall inevit- 
ably. It is the absence of these straight joints 
that renders English bond of such great structural 
utility as a more homogeneous wall is obtained 
when it is used than in the case of other bonds. 

Other Styles of Bonding. On the 
other hand, in elevation the appearance of 
successive rows of headers and stretchers is 
considered less attractive than some other forms 
of bond, and where, os in the case of much 
domestic work, the utmost possible strength is 
not essential, and something may bo sacrificed to 
appearance, a style of bond which is not quite so 
satisfactoiy structurally, but gives a different 
characteibto the face of the wall, is adopted. 
With a view to improving the elevation, a varia- 
tion of style of bond, known as English 
cross-bond^ is sometimes adopted [47]. As will 
be seen, the only variation consists in breaking 
the bond between suooessive stretcher courses by 

2594 


introducing next the angle stretcher (in course 3) 
a single header, or bat, so that beyond this 
point the stretchers in this course are shifted 
4 J in. to the right, and come over the centre of 
the stretchers in course 1. This must, of course, 
be provided at each end of the wall. Course 6 
repeats course 1, and course 7 repeats 
course 3, and so on. No change is made in 
the header courses, and this particular bond is 
not inferior to English bond in strength. 

Flemish Bond. Flemish bond is made 
use of as a further improvement to the elevation 
of the wall ; it differs from English in elevation 
in that each course consists of a header and a 
stretcher alternating, and at the end of a wall wo 
find in one course a stretcher forming the end 
brick, and in the succeeding course a header at 
the end. There is not the same simplicity as to 
the placing of the bricks in the wall as occurs in 
English bond, and the number of straight joints 
are considerable, especially when there is an odd 
half-brick in the thickness of the wall. In the 
case of a one-brick wall the same bond must 
show in both faces ; in the case of thicker walla 
it may do so ; but, on the other hand, the use of 
Flemish bond may bo confined to the outer face 
of the wall and the inner face, and the heart of 
the wall may bo formed in English bond, to 
which there can be no objection if, as often 
happens, the inner face is to be plastered. When 
this form of bond is used throughout the thick- 
niiss of the wall, and shows on both faces [40], it 
is termed Double Flemish Bond ; when used on 
one face only [39], it is termed Single Flemish 
Bond. 

In this bond, as in the English bond, the 
closer is placed in the course which begins with a 
header at the end angle. This closer is ctoried 
right through the thickness of the wall ; but where 
a header shows in the return end, or face, to 
avoid using a half- bat and quarter-bat, a three- 
quarter bat is used, by which the same result is 
achieved with the saving of one joint. The 
sources of weakness in this form of bond are the 
large proportion of bats that are inevitable 
wherever the thickness of the wall has an odd 
half- brick in it when double Flemish bond is used 
[see one-and-a-half and two-and-a-half brick 
walls, 40], and where the thickness is the multiple 
of a whole brick where single Flemish bond is 
used. [See two-brick and three-brick ^aUs^ S9.] 
This is partly due to this use of bats, but mainlv 
to the use of stretchers in every course ; if 
tracings of the plans of two successive courses 
of Flemish bond be overlaid, it will be found 
that, to a very appreciable extent, they coincide 
throughout the whole length of the wall, «nd ^at 
straight joints result. It is on this ground that, 
where possible, single Flemish bond is adopted, 
as this coniines the use of bats and straight 
joints to the outer face of the wall. 

One of these two forms of bond is used 
for most ordinar/^walling. There are other 
varieties of bond, but they are mainly required 
to meet difficulties that arise under ' certain 
exceptional conditions. 

Stretcher Bond* Stretcher bond [48] 
is used for walls that are only half a brick in 
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tliickness. It is obvious that headers, which are 
9 in. long, cannot be used in such a wall, and if 
any appear in the wall, they arc only bats, lliis 
bond, it will be seen, consists of building entirely 
with stretchers ; it is usually built of only two 
varieties of courses — viz., 1 and 4 [48] ; but 
more complete bonding is produced by using the 
four varieties shown. 

Tliis wall, by using a large proportion of bats, 
might be made to resemble Flemish bond ; 
but the only occasion in which the appearance 
of the wall would be of sufficient importance to 
warrant this would be in the case of a half-brick 
wall formed of glazed bricks. 

Garden«wall Bond. Garden-wall bond 
is used for 0 in. or one-brick walls, in which both 
faces are exposed to view. These arc commonly 
used for separating the gardens of adjoining 
houses, hence the name. The difficulty met with 
in such walls is that though the length of an 
ordinary brick is given as 9 in., there is a con- 
sidera\)le variation in practice in this length, not, 
perhaps, more than J of an inch, more or less, but 
enough to make it ini])ossiblc to s(‘t such bricks 
side by side in a wall so that both faces will be 
true. If one face is to be plastered, this is not 
important; the ouler face is built even, or 
“ fair,” and if the inner is rough the plaster 
covers it. Adjustment can be made between 
stretchers, because there is a mortar joint be- 
tween them, which may be made “ full ” or 
tight, as the case requires. 

It is therefore necessary to pick over the 
bricks to be used as headers in such a wall, and to 
measure them against a standard length of brick, 
and this process nuums additional handling and 
cost. This form of bond is used in this ease 
because it reduces the number of headers by 50 
per cent. It may be employed both with English 
and Flemish bond, English garden-xmll hand 
consists in using three stretcher (murses to one 
cour.se of headers [49]. d'his involves a straight 
joint in the centre of the wall through the 
stretcher com scs, and this is undoubtedly a source 
of weakness, but such walls rarely support a 
heavy load. Flemish garden-wall bond consists 
in using three stretchers to one header in every 
course [50], and has the same advantages and 
drawbacks as English bond. Such work requires 
careful supervision, for even with selected headers 
there is often slight irregularity or distortion, 
and to give a good finish to the face the brick- 
li^er is apt to cut the header into two, making 
it easier to set fair, but still further reducing the 
strength. 

Diagonal Bond. Diagonal bond is used 
principally in thick walls to give a longitudinal 
bond at intervals. It docs not show on the face 
of the wall ; it is most satisfactorily used in the 
stretcher course of English bond, and is not 
employed in every such course, but at intervals 
of, say> six or eight courses. It consists in filling 
in thehdttrtof the wall with bricks laid diagonally, 
as shown* in 51. The small triangular spaces 
between the facing and the diagonal work are 
filled with pieces oi brick, roughly cut, and 
mortar. The bricks shown here are inclined 
from loft to right. The next time that such a 
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course was used they should be laid with an 
inclination from right to left, so as to vary the 
bond as much as possible. 

Herringbone Bond. Herringbone bond 
is used in the same way as diagonal bond, 
and with the same object, the only difference 
being that the filling in is arranged on plan in the 
form known as herringbone work [52J. 

Walls Built Circular on Plan. The 
work hitherto described is adapted to walls 
that are built in straight lines, but sometimes 
walls must be laid on a plan that is not straight 
but curved. If the radius be largo, and the 
curvature in consequence flat, the wall may 
possibly be built with om? of th^ bonds already 
dealt with ; but if the radius bo short, and the 
curve rapid, this will be impossible. 

In such a case the ideal phan is, of course, to 
have bricks that are purposely made with the faces 
formed to the requiri'd curve and the sides of 
the bricks conveiging so as to form what in 
an arch would be called a voussoir -shaped brick. 
This is costly ; and for most work a sufficiently 
good appearance may be given by using ordinary 
bi'icks, })rovided only headers are employed. 
Such bricks will not form a true circle ; but unless 
the radius of the curve is very small, the form 
will approach closely to a curve. It is essential 
that no stretchers be usc^d and every course 
consist sokdy of headers ; and the U^rm Header 
Hnnd is applied to it. Such a piece of curved 
work rarely stands alone, and is used to connect 
two straight pieces of walling, and the bonding 
of the two eours(‘S is formed by continuing the 
bond already existing in the walls. Fig. 54 
shows a wall quadrant on plan with a rather 
short radius, and 9 in. thick. It will be observed 
that th(^ distance from A to B on the concave face 
of the wall is appreciably less than that from 
i) to I) at the back, tpid if ordinary parallel- 
sided bricks are used, the mortar joint must 
be kept tine on the face and full at the back to 
adjust this difference. Bettor work is produced 
by rough -cutting the brick to a voussoir shape, 
or by rubbing it accurately to such a shape, as 
shown on half the illustration ; but this increases 
the cost. With the small radius illustrated 
the use of headers would require very wide 
joints at the back, and two courses of h^f-bats 
are shown. Bonding irons may be used to tie the 
inner and outer face together. Fig. 53 shows 
a wall ono-and-a-half bricks thick, with a curve 
of a larger radius. In this case it will be noticed 
that either on the inner or outer face of this 
w^all a row of bats is inevitable — with a curve 
of such large radius, very good worlr may be 
produced without cutting or rubbing the bricks — 
but the joints from front to back of the wall will 
not in this case bo in a straight line. In this 
illustration the wall is shown formed on the 
right-band side with parallel-sided bricks, and 
on the left with cut or rubbed bricks. 

Forming Reveals, The method of 
forming stopped ends has been indicated, and 
we . must now consider those cases in which a 
wall has to be finished with a revecU. This is a 
short return usually 4| in. on the face, but some- 
times 9 in. or more, which projects beyond the 
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end of tho wall so as to form a robated jamb, 
to allow of a door or window-frame being 
inserted behind it. J^pecial attention must be 
paid to its bond, and it is in connection with 
this work that the king closer comes into 
service. Tho half- bat at the end of the header 
course is a source of weakness, and the use of 
the king closer next to it is some compensation. 
The methods of bonding reveals in ordinary 
walls of various thicknesses are shown [56] for 
both English and Elemish bond. 

Bonding of Cross Walls. In addition 
to return walls, which have been already 
described, cross walls art^ frequently employed. 
'I hese are walls starting from the internal face 
of the main wall at right angles, and th<;y must 
be bonded to tho main wall equally with a return 
wall. This is usually arranged for by building 
in the whole thickness of the cross wall at every 
alternate course to an extent of in. into the 
main wall, the intermediates course of the cross 
w'all merely abutting against the main w'all 
[56 and 67]. 

Bonding of Piers, Piers intend(‘d to 
carry concentrated loads may bo either attached 
to a W'all or may stand alone and d(da(rh(‘d. 
In the former case tho bond used in the wall 
w'ill apply to the pier, and it will be treated as 
a short length of a thicker wall. So, also, in tho 
case of a rectangular detached jjit'r, it may bo 
considtTed as a short I(‘ngth of w'all with two 
stopped ends ; but in the ease of stpiaro piers a 
special treatment is usual, to secure proper 
bonding. Such piers may be constructed cither 
in English or Flemish bond ; tho former is prefer- 
able whore great strength is required. fn all 
square piers the extent of closers required for 
bonding bears a larger proportion to the total 
area of the pier than in the case of a wall of tho 
same actual area ; in piers of loss than three 
bricks this proportion IwH-omes very cxces.sive. 
It is an ek^ment of weakness in them, and all 
piers require very special care in construction 
to ensure that the joints are all well filled, and 
w'hcre Flemish bond is used queen closers 
should be employed and not quarter- bats. 
A pier one brick s<piare can be formed only of 
two stretchers in one course and two headers in 
(he next [68]. A jiier one and a half brick 
square may be formed in English bond with 
two three-quarter bats alternating with three 
headers, but some extent of straight joint is 
, unavoidable [59]. With Flemish bond it is 
necessary to use a bat as a core or centre for 
all courses, and a straight joint occurs all around 
it. With piers tw’o bricks square and upwards 
the bonding is more satisfactory. Examples 
are shown of piers in both styles of bond up to 
four bricks square ; one pier [03] is shown 
formed with bull- nosed bricks at all four angles. 
Various examples are given of the method of 
bonding various small and irregular shaped 
piers such as occur in the angles of hay windows 
[ 64 ] and ^similar situations ; they should bo 
constructed in cement mortar, to secure the 
utmost i30H>"ible strength, as in the case of small 
piers, they involve the use of a large proportion 
of bats and of irregular piece of bnok. Such 
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piers, as a rule, are of no great height, and 
cannot be expected to carry anything but 
quite a light load. 

There are many situations in which a return 
wall is not at right angles to the front W'all. 
When this is the case it is termed a squint angle, 
wdiich may be either acute or obtuse. Here, 
also, special attention must be paid to the 
bonding, and no regular rules can be given for 
tho construction of such angles, as the methods 
vary with the inclination between the two 
walls. Examples of such angles are given 
[65], and it is important to bear in mind tlie^. 
as few small pieces of brick as possible 
should 1^ used. Whole briqjcs, wherever 
possible, or bricks with only tho angles cut off, 
are the best. In the case of obtuse angle walls 
squint bricks [7, page 2456], of w'hich tho longer 
side is (IJ in., may often be used in place of using 
closers, and, when possible, this is advantageous. 
A bird’s mouth [8, page 2456] is often also useful 
for the irmer face of an obtuse angle, but such 
bricks are not easy to cut, as the small angles 
may be split off. It is advisable, W'hen possible, 
to dispense with their use. 

Hoop=iron Bond. Hoop-iron loud is 
sometimes introduced into walls to give a bond or 
ti(‘ in tlie direction of the length. But in walls 
built with cem<‘nt mortar it is doubtful if it 
adds to the stn’ngth of the wall materially. It 
consists of strips of hoop iron about in. 
broad and yV tliiek, wlii(5h, unless they are 
laid iii cement mortar, sliould bo tarred and 
sanded to protect them, anfl in order that tho 
mortar may grip them. It is usual to insert 
the hoop iron in the mortar joints at certain 
definite intervals throughout the height of a 
wall varying from, say, four courses apart to 
4 ft. or 5 ft. Each course in which the^*‘ 'are 
used may have several strips of iron. If a joint 
has to bo made in the length of the iron strip a 
lapped joint is used, and a similar joint is made 
at the angle of a wall, tho two pieces being 
crossed and the (md folded down [66]. Hoop 
iron bond is used in tho construction of burglar- 
proof vaults, and for this purpose hoop iron is laid 
in every joint, and one strip is used for each 
half brick in the thickness of tho wall, which is 
built of hard bricks in cement. It is claimed 
that a .‘Structure thus formed will resist even a 
determined attempt to penetrate it. 

Bonding of Facings. It frequently 
happens, when the appearance of tho exterior of 
a building is a matter of importance, that the 
.bricks used for the face are required to be of a 
different quality and appearance from ttlose used 
in the thickness of the wall, and in consequence 
may be more costly. In bonding such facings 
with the heart of the w’all, if the bricks correspond 
in size w'ith those used in the general body of 
the work, tho bonding should be carried out 
exactly as already described for a wall of a 
uniform quality. The great danger to lie feared 
is that, with a view to economy, half*bats may 
be employed where headers should be used; for 
as a true header can bo broken into two bats, 
fewer of the more expensive bricks will bo re- 
quired when this is done; but if this plan is 



largely adopted the facing becomes a mere skin 
of bidckwork a half-brick in thickness, instead 
of being, as it should be, an integral part of the 
wall. It may sometimes happen that the size 
of the facing bricks differs from that of the 
bulk of the bricks. When this is the case, 
really satisfactory bonding cannot occur, and 
such a condition must always be avoided if 

ossible. For example, seven courses of facing 

ricks may be equal in height to six courses 
of the general work [71]. If this be so, the 
joints will only correspond so as to form a 
true horizontal bed at every seventh course of 
the facings, and all that can bo done is to 
introduce a course of headers at this point, 
and to build the courses up to the next level 
bed in stretcher bond. 

Bonding BricK with Other Materials. 

The bonding described hitherto has referred 
to walls constructed wholly of brick. It 
frequently happens that for architectural 
effect, or for some other reason, part of the wall 
may be formed of other material, as, for 
example, terra-cotta or stonework. Those 
materials may be introduced merely in the 
form of plinths, strings, and cornices (67, 70] 
at quoins [69], and round door and window 
openings — such work is described under the 
general term of dressings — or it may bo used 
throughout the face of the wall [68]. In the 
latter case it may form merely a facing, the 
bulk of the wall being of brick, or the facing 
material may form the bulk of the wall, with 
merely an inner lining of brick to take the 
plastering. This last case, however, arises, as 
a rule, only when the material employed is of 
a rough character. 

Brickwork and Terra-cotta. The bond- 
ing of brick with other materials may be a 
comparatively simple or a troublesome and 
costly process. Which it is to bo will depend 
on the care given in i>reparing the material to 
be bonded with the bricks. The bricks are of a 
stock size; and if the work is to be easy in 
character this must be borne in mind, so that 
they can bo utilised without cutting to any 
great extent. If terra-cotta bo used, it must be 
specially manufactured for each building in 
which it is employed ; if in moulding care must 
be taken to see that the height of each course 
with its mortar joint corresponds exactly 
with one or more brick courses with their 
mortar joints, and if the beds are also exact 
multiples in length and breadth of a half- 
brick, the whole will bond together with ease.' 
But if this be neglected, the terra-cotta, after 
it is burnt, must not be cut; and if the 
bricks have to be cut to fit it, this involves 
oonsidorable labour. 

Brickwork and Stone. In the case of 
stone it is usual, except for rubble walls [see 
MasokbyJ, to dress the stone — t.c., to reduce 
it to a fair face and to. exact dimensions, and 
such stones can therefore usually be made of 
a size to bond with brickwork without any^ 
increase whatever in the cost of working. 
In the case ol dressings, a string, of which 
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the mouldings have only a slight projection, 
may be, for example, so designed as to corres- 
pond in height with two courses, and on bed to 
equal a half-brick in width from front to back, 
with here and there a block of material equal 
to a whole brick [67]. In the case of quoins, 
whether plain or moulded, these may vary in 
height from one up to five or six courses [69], 
or even more, and they are usually arranged 
so that the widths of successive courses vary 
by the multiple of a quarter- brick to assist in 
bonding. It is an easy matter to cut the end 
off a brick to fit any quoin ; but if the thickness 
or breadth of a course will not bond it may 
involve the reduction, by cutting, of a whole 
course of bricks. 

Stone-faced Walls. Where a wall is to 
be faced with stone or terra cotta the work 
is usually described as ashlar [sec Masonry], 
which implies that the stones or blocks are of 
regular height, length, and breadth, with a 
regularly dressed face. Such a facing may, 
of course, be made of any desired thickness, 
but, on the ground of expense, is often kept 
thin. The majority of the stones will be of the 
minimum thickness, but a certain proportion, 
equal to, say, one-third or one-fourth the 
area of the face of the wall, will be made 
thicker, so as to penetrate into the brick 
backing, and tie the backing and facing 
together. The difference between this thin 
and the thick courses should be half a brick or 
a multiple of half a brick. 

In roughly built stone walls, such as rubble 
walls, the bulk of the wall is of stone, and if 
brick is used it will generally be in the main 
a half-brick thick, with a certain proportion 
of headers built into the wall, either in 
regular courses or as found convenient, but 
these should not be less than about one-fourth 
of the bricks. 

{Sometimes a flint-faced wall, if of knapped 
flints [see Masonry], may be built as a facing 
to a brick wall, and in such a case the bond is 
usually secured by building in a proportion of 
extra long flints, so that they penetrate into 
the brickwork; but sometimes a small pro- 
portion of black, vitrified bricks may be used 
as headers, extending to the outer face of the 
Hint to assist the bond. 

Reinforced Brickwork. Brickwork is 
capable of reinforcement, and this is of special 
utility in thin walls. Half-brick and even 
brick in edge walls may thus be rendered 
very much stronger and more rigid. One form 
of such reinforcement consists of four or five 
strands of mild steel wire running continu- 
ously with cross wires forming a mesh, the 
tptal width being 2 or 2J inches. This is 
supplied in long rolls, and is laid in each mor- 
tar joint, and is imbedded in the mortar, 
which should be of Portland cement and 
sound. Such reinforcement gives great lateral 
(Strength, great transverse stiffness, and is 
serviceable in forming thin partitions and 
cavity walls. K. ELSEY SMITH 
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The Evolution of Birds. Birds that have ceased to Exist. 

The Reckless Destrucllon of Birds. Changes taking place now. 


THE FUTURE 

I N tlu; course of animal evolution there seems to 
have been a frequent bifurcation into more 
active and more sluggish types, and there is no 
doubt that a cleavage of this sort occurred ve^ry 
early in the evolution of birds. The one alterna- 
tive is represented by the dying birds, or Carinata\ 
and the running birds, or Ratitiv, the names 
referring to the conspicuous featun^ that the 
k<‘ei, or Carina, on the breastbone of flying birds, 
which affords attachment to som(‘ of tlu* muscles 
of flight, is not developed on the raft-like breast- 
bone of ninning birds. There are, of course, a 
great many other dilTerences, for the div'ergence 
()f the two great orders, or divisions, was very 
thoroughgoing. 

Running Birds. The Ratita^ wore cstab* . 
lished in the Miocene Ages, if not in the Koeene* 
and, though never very succes.sful, they had a cos- 
mopolitan representation. With their flightless, 
t.horoughly terrestrial habits wo may connect 
not only the character of the breastbone, but 
the more or less deg(‘nerate characters of the 
shoulder- bones and fore limb. Th(' feathers of 
the adidts have free barbs, and the burbules have 
no hooks. Their skull is of a type that never 
occurs among the flying birds, with the single 
exception of the tinamou. 

It is maintained by some authoriti(*s that the 
existing Ratita^ are descended from forms that 
could fly, but the evidence of this is not quilts 
convincing. It seems not unlikely that they 
represent a ])rimitive stock that never attained 
to flight, and they certainly carry marks of 
})rimitivene8s in many different j)arts of their 
body. Wo may notice thcj absence of regularly 
arranged foathcr tracts, the absence of a j)lough- 
share bone at the end of the tail, the ab.sence or 
small size of hook -like (uncinate) })rocesses on 
the ribs, the compound character of the horny 
bill, and the fact that the junctions, or sutures, 
of the skull-bones remain for a long time distinct, 
whereas in flying birds they almost always dis- 
appear very early. 

W. K. Parker spoke of the Ratita^ as “ over- 
grown. degenerate birds that were once on the 
right jpoad for becoming flying fowl, but, through 
greediness or idleness, never reached the ‘goal ’ 
— went back, indeed, and lost their sternal kia*l, 
and alinost lost their unexercised wings.^’ We 
may think of them as illustrating arrested 
development^the j)ersistenco of numerous 
primitive and also juvenile features. 

The broad fact about them is that they have 
not been successful as compared with the 
Carinatgj. The giant AUpyornis of Madagascar has 
Jong since gone ; the giant moas {Dinornw) of 
New Zealand have also disappeared ; and there 
are only five living types — ^the African pstrich 
(Struthio), the South American ostrich (JRhea), 
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the Australian emeu {Dromceus), the Austro- 
Malayan cassowaries (Casuarins), and th<*. small 
kiwis {Apteryx) of New Zealand. The persistence 
of two of these — the American ostrich and tlio 
kiwi — is sc'riously threatened. It seems as if 
flightless terrcistrial birds were condemned in the 
struggle for existence as a sort of contradiction 
in terms. 

Carinate Birds. At the time when Hes- 
perornis swam about in (Cetaceous seas, there 
was another toothed bird, Ichthyornis victor, 
hardly less remarkable. (See Palaeontology in 
Geology.] It was a small bird, towards a foot in 
height, and delicately built ; it had a strong keel 
and ^(‘li-dev(‘loped wings. The teeth were fixed 
in distinct sockets and the vcrtebrie wore bicon- 
cave — ^two very striking fcatun*s. wliieh point 
back to rc'ptiles. Of its affinities, Mr. Pyeraft says 
cautiously, “ Ichthyornis may perhaps be, and 
gi'iierally is, regarded as the ancestral type of 
the preseJit iSteganopodes - the gannets, cor- 
morants, j)clieans, tropic and frigate birds.” 

The fossil record leads us to the conclusion 
that the running birds and the flying birds 
diverged at a V(‘ry ancient date, and it is very 
striking that in (.•retaceous times there, should 
have existed such birds as IlesperorviSf which is 
extrmnely specialised for aquatic life, and 
Ichthyornis, which, apart from its teeth and 
vertebras ” had acquired all the characteristic 
peculiarities of tht5 class Aves.” 

The Specialised Adaptation of Birds. 
What, then, has happened among birds in the 
long interval of time since (Cretaceous ages ? 
The general answer, we think, must be this — 
that there has been an extraordinary amount of 
specialised adaptation and perfecting of detail, 
but no new departure of great importance. 

It is not difficult to see the general reason for 
this, which an analogy may illustrate. When a 
piece of mechanism has become very complex, 
its range of evolutionary progress is restricted 
within narrow limits. It may be improved in 
detail in this corner and that, but it is not likely 
to undergo any great cliange. It is no longer 
open to any imjiortant modification in principle. 
The compound microscope of today, with its 
new glass and fine adjustments, is an improve- 
ment on that of fifty years ago, but %hcrc has 
boon no fundamental change. When a highly 
evolved piece of mechanism seems to undergo a 
fundamental change, there is some discon- 
tinuity in the evolutional process ; though the 
outer framework sometimes remains more or 
less the same, there has been a thoroughge ing 
internal reoiganiaation in obedience t6 a new 
idea. The motor- bicycle is not an evolved 
bicycle, nor is a Zeppelin an evolved aeroplane. 
Returning to the first known flying birds, we 
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recognise that they were already exceedingly 
complex, with much of their constitution 
definitely adapted to the successful solution of a 
very difficult problem — that of flight. We can 
understand why they have not given rise to any 
other kind of creature, oven in the course of 
millions of years. They have simply given rise 
to birds and birds, endlessly adapted to par- 
ticular conditions of life. 

It is among primitive, undifferentiated types 
that we must look for important now departures. 
From an early date the bird’s whole organisation 
was so thoroughly adapted for flight that no big 
change was possible, unless, in- 
deed, at the risk, which the pen- 
guins well illustrate, of losing tlie 
great secret of flight again. What 
has actually happened has been 
the evolution of a large number 
of orders, and within these there 
has been an embarrassing detail 
of specialisation to particular 
haunts and habits. 

Evolutionary Possibili- 
ties Open to Birds. If we 
cannot expect birds to give 
origin to any different kind of 
creature, what other evolutionary 
changes are open ? As an answer 
we may state the following four 
directions in which evolution may 
trend. In the first place, what 
has been going on for untold 
ages may continue. There is the 
possibility of increasingly minute 
and specialised adaptation of 
structure. In the order of perch- 
ing birds, or Passcrcs, there have 
evolved in the past Imndrc'ds 
of closely related species, each 
adapted to its own particular 
“ niche of organic opportunity,” 
and accordingly it may be that 
new species will go on appearing 
in this and in other orders. 

8eoondly, there is the possibility 
of great increase in intelligence, 
of brain improvement, similar to 
that which marks off man from 
thcr other primates. In rooks, 
cranes, and parrots wo got a 
glimpse of the intellectual possi- 
bilities of birds. 

Thirdly, there is the possibility of larger 
changes in general constitution and habits, such 
as we see in burrowing birds, and this involves 
the risk of losing the secret of flight — a risk 
proportionate to the amount of divergence from 
the ordinary type. There is, lastly, also tho 
possibility that the species of birds now existing 
may suffer reduction in numbers. In many 
cases this is already a probability, and wo know 
that many birds that once flourished are now 
extinct. We shall briefly refer to birds that have 
disappeared or are disappearing. 

Extinction In Ancient Time*. Referring 
first fbr a moment, to the fossil birds, we must 
the important distinotion between “lost 
2 b 
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races,” which have left no modem representa- 
tives, and tho “ extinct ancestors ” of living 
birds. It may be that some of tho Odontolcai 
wore ancestral to our modern divers, but there 
is no reason to believe that the highly specialised 
Hesperomia has any lineal descendants today. 
The same may be said of tho giant moas and 
Mpyomis, It is impossible to give any general 
answer to tho question, “Why have thc.se 
splendid types perished ? ” except tho familiar 
one, ” Klimination in the struggle for existence,” 
and this is aj)t to be somewhat platitudinarian 
in regard to distant ages whose conditions of 
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life are very vaguely known. A pioneer like 
Archmopteryx was very far from being perfect 
as a flier, and the survival of birds that could 
not fly at all would be obviously imperilled when 
mammals appeared on tho scene. 

Extinction in Recent Times. Tho dodo 
{Didus ineptiis)^ a “ ponderous pigeon,” was 
found inhabiting Mauritius when that i.'^land was 
rediscovered by tho Dutch at the end of the 
sixteenth century. ” Clumsy, flightlcs.s, aii<l 
defenceless, it soon succumbed, not so much 
to the human invaders of its realm as to the 
domestic beasts — especially hogs — which accom- 
panied them ” (Prof. Alfred Newton). There is 
no evidence of its survival after 1681. There was 
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an allied bird in the adjacent island of R6union, 
and another, the solitaire, in Rodriguez, both of 
which disappeared with the dodo. 

Besides the dodo, Mauritius has lost at least 
two parrots, a dove, a largo coot, and a I<»ng- 
billed flightless rail called A'phanapteryx ; 
Reunion has lost a peculiar starling and other 
birds ; Rodriguez has lost an owl, a parrot, a 
clove, a heron, a rail, and, indeed, most of its 
original bird tenantry. The same is true of other 
islands, but it is not within our present sciope. 
to pursue the subject further. It is enough to 
point out that there are several reasons why 
comparatively small islands afford so many 
instances of extermination : the advent of man 


rate of reproduction ; and, on the other hand, 
in the fact that it« feathers and its flesh were 
useful to man, who was, as in many other cases, 
short-sighted in his greedy persecution. 

The Labrador Duck. Another striking 
case is that of the Labrador duck, or pied duck 
(Somateria Uibradoria), which used to be extremely 
abundant on the North American Atlantic coast 
from the mouth of the St. Lawrence to New 
Kngland, nesting, like its near relative, the 
eider-duck, on rocky islands, safe from most 
]»ossibilities of molestation. There is no certain 
rc‘eord of it since 1852. 

Four skins and a few bones are all that remain 
of a line cormoiaiit from Behring Island, in the 


niul tho introduction of new mammals must 
luivo a more pronounced effect in a circjimscribc'd 
area; fires are apt to bring about wholcwile de- 
struction; and (‘scapo is more difficult than from 
a continent. For a flightless bird, like the* dodo, 
escjupe from destruct ion was obviously i m [lossibh*. 
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North Pacific ; perhaps a dozen museum speci- 
nums represent an interesting Nestor parrot (N. 
iro<lucluii\ from Pliillip Island, off New Zealand ; 
half a dozen museums can boast a specimen 
of tho mamo {Drepnnis pacifica), of tho Sand* 
wic*li Islands, a victim to its gorgeous yellow 
f(*athers, which were used 
to de(?oraio the state robes 
of tlu! chiefs; and we may 
closer-' without attempting 
to complete— the sad list 
by noting that only one 
si)('cimen known of 
Latham’s white - winged 
sandpiper. \V(^ have given 
instances to show how 
th(^ list has been reduced 
H||H||dli^y within comparati voly 

^ recent times. 

I Causes of Extermi* 

! nation. In considering 

\ lyi th(' causes of extermina- 

tion we must in fairness 
^ riumunber that, altogether 

" ajiart from the ruthless 

.. - , p(‘i'secution on man’s part, 

birds may be forced to re- 
, lincpnsh their old quarters 
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because human habitations 


The Great AuK. One of the best known 
of comparatively recent exterminations is that 
of tho gare-fowl, or great auk (Alca imyemih), a 
relative of our common guillemots and razor- 
bills. It used to be abundant in north<*rn seas, 
cs})ecially round Ncw’foundland, and was much 
used as food by sailors, just as penguins artj 
sometimes used today in tho far south. Colony 
after colony seem to have dwindled, and the 
species seems to have become extinct about 1844, 
in which year the last two examples known to 
have lived w(‘rc taken on a rocky islet — one of 
a group oadlod Fiiglaskt^r, or Fowl -skerries, off 
tho south-west point of Iceland.” 

The great auk was a truly British bird, though 
nowhere abundant. It used to breed on St. 
Kilda, where one of tho last specimens was taken 
in 1821. Another, perhaps the very last, was 
captured alive in Waterford Harbour in 1834. 
Tho reason for i^s extermination must be found, 
on tho one hand, in its reduced wings, which 
were useless for flight, in its apparent stupidity, 
in its localised brewing-grounds, and in its s)ow 


and cultivations encroach 
on wild nature. It scorns that good forestry 
diminishes the number of birds in tho woods. 
As the English fen-country was opened up and 
ix'stricted, the crane ceased to breed there, and 
the bustard became rarer on the downs as the 
arable land crept nearer. 

Doubtless, in these two eases there was also 
persecution of the birds, especially at the broerling 
season, but the changes in the condition of the 
country must bei borne in mind. As the in- 
digenous pinc-woochi were more and more re- 
stricted 4n Scotland, the capercaillie disappeared, 
probably by the end of tho eighteenth century ; 
where it has been re-intrcduced and protected 
it has flourished and increased. 

Another cause of extermination is game-pre- 
serving, for in its interests there has been a 
persistent and effective destruction df birds of 
prey. This is lamentable, not only because of 
tho disappearance of handsome and interesting 
birds, but also because their removal affords 
opportunity to mice and voles and other de- 
structive pests. We must, of course, dis- 
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criininato, as fuller knowledge may enable us to 
do before it is altogether too late, between species 
lik(^ the sparrow-hawk, which destroy large 
nuinlMTs of young birds (apart from game), and 
Hpeci<‘S like the kestrel, which keep chi(?fly to 
mice and the like. 

Bird Lrife Destroyed by Human 
Vanity. Another factor in extermination is the 
debasing fashion of wearing the plumage of wild 
birds as part of the dress, either for warmth, as 
in the ease of feather boas and the like, or for de- 
corative jmrposes. W(‘ must be ]»recisi^ in our 
judgment, finding nothing to be said against the 
us(^ of feathers cut painhissly from ostriches, 
finding everything to be said against the use of 
“egrets,” or so-called “ospreys” — tufts of fili- 
form feathers which spring from the hack of a 
white heron. “They are assumed only just before 
the breeding season, and hence the procuring of 
them destroys the birds at a most critical 
moment.” 

It is a matter for d('(‘p regret that for various 
reasons the prosperity of many of our nativti 
birds, such as the chough, tin* raven, and many 
birds of prey, is at present markedly on tlu^ 
wane. Sonus like tlie osprey and the marsh- 
harrier, ar(‘ on the vergi^ of extinction as indigen- 
ous sp<‘ei(‘H. OtluTs, such as the kite, the sea- 
cagle, and the rutT, hav(5 beim arrested on the 
brink by the introduction of efticient ])rotection. 
Not a few birds that were once native are now 
rare visitors ; oxain files are the bittern, the 
grcjit bustard, the avocct, the black -tailed 
god wit, and the black tern. 

On the otlier hand, some specie's are in- 
creasing ; the mist le- thrush, the hawfinch, the 
starling, and the tufted duck are instances of 
specii's that have greatly spri'ad and multiplied 
as British-breedin^ birds. Not only from a 
zoological but from an economical point of view, 
we cordially welcome what is being done in the 
way of judicious bird [iroteetion, not only by 
penal legislation, but positively by the establish- 
ment of “ bird sanctuaries,” and the like. 

As Mr. C. William Beebe says : “ Let us beware 
of needlessly destroying evc^n one of the lives — so 
sublimely crowning the ages upon ages of evolv- 
ing ; and let us put forth all our efforts to save 
a threatened species from extinction ; to give 
hearty aid to the last few individuals pitifully 
struggling to avoid ab.solute annihilation. The 
beauty and genius of a w^ork of art may be 
reconceived, though its first material expression 
be destroyed ; a vanished harmony may yet 
again inspire the composer, but when the lust 
individual of a race of living beings breathes no 
more, another heav(*n and another earth must 
pass before such a one can be again.” 

Remarkable Changes now in Pro- 
gress. Another evolutionary possibility is that 
the bird may make some big change in its habits ; 
sonic constitutional change, arising mysteriously 
from within the germ, may lead to a change in 
tho bird’s manner of life. In the course of time 
this cliange of habit may come to be associated 
with a definite structural change which has 
been siftod out from among tho continuous crop 
of “ variations,” because it was well adapted to 
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the survival of the particular kind of bird in the 
new w'ays it has adopted. 

Sometimes, on tho other hand, some progres- 
sive structural change in a particular organ, such 
as the bill, may lead the bird to seek out some 
slightly different mode of life, or kind of food, or 
habitat — some new niche which it fits better. 
By big changes in habit and in structure, pro- 
bably begun millions of years ago when bird struc- 
ture was less fixed that it is now, there may have 
arisen strange types, like the penguins; and it is 
very inferesling to inquire whether there are any 
hints of remarkable changes now in progress. 

In illustration, we ma> refer to the well-known 
e i.se of the koa parrot in N(uv Zealand, which in 
th(? relatively short period since sheep-farming 
began in the colony has turned from its good 
okl vegetarian ways to feeding on the fat above 
th(i kidneys of living shi'cp. This is a striking 
instance, luit in not a few birds we find consider- 
able plasticity as regards diet, and some of tlu'se 
may be hints of now dejiartures whose significance 
will bo jilain to the ornitliol igist of the distant 
futun*. At the Antipodes there is a twilight- 
loving gull, whose food is said to consist exclu- 
sively of moths, and the herring-gulls in some 
parts of Britain arc becoming vegetarians. 

The Steamer Duck. A very remarkable 
and suggestive change set'ins to be in ])rogress in 
the so-<*all(‘d steanu'r duck, found off the Falk- 
land Islands. The young birds tly well, but as they 
becoiiK* mature tlic power is lost . But the wings, 
too stiff to be of use in the air. are employed as 
paddk'S, and the steamer ducks move rapidly 
through till' water, swimming quadrupl'd ally. 

In the spotted tinamou of South America the 
slate of affairs is hardly less remarkable. The 
bird can fly, but it has so little mastery of its 
flight, eitlu'r as regards direction or height, that 
its imperfectly co-ordimlted flight is a danger. 

We quote from Mr. Beebe another interesting 
case of peculiarity in flying power : “ The wings 
of the owl-parrot of N(jw Zealand are of full size, 
but the muscles are so encased in fat that they 
are useless for flight. ^J^hese parrots feed on 
ground mosses, and being nocturnal, and there- 
fore having few enemies, their only use for wings 
i.s occasionally to sail gently to earth, like a flying 
squirrel, from the trees in tho hollows of which 
they sometimes roost.” 

In considering the evolution of birds, it is 
important to realise that it is still going on. 
Although there may not be in the future any very 
sensational new departure, the raw materials of 
evolution are still being ceaselessly sujiplicd. In 
1871 Mr. J. A. Allen measured numerous indi- 
vidual representatives of some common species 
of American birds, and found that as regards 
important points, such as length of bill and length 
of wing, birds of the same sex and season, caught 
at the same j>lace, on the same day, showed 
numerous variations, often large in extent. It 
is in all probability by the patient study of 
these presently occurring changes, and of those 
which go on among domesticated birds, that 
naturalists will eventually be able to throw light 
on what remains so largely an unread riddle — the 
evolution of birds. J. A. THOMSON 
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ELECTRICITY METERS 


I N discussing the subject of electricity supply 
meters, the reader must have a clear concep- 
tion of the various units used, and he is therefore 
recommended to reread the article beginning 
on page 229, >vhore questions of current, pressure, 
power, and energy were dealt with. 

Power and Energy. As might be sup- 
posed, the consumer is charged according to 
the total amount of energy which he takes from 
the mains. The energy might, of coui’se, hv. 
measured in foot-pounds, but, when wo deal 
witli energy in its electrical aspect, anotlier 
unii, namf'ly, the kilowatt hour^ commonly 
called the Board of Trade Unit, is more handy. 
The power, at any instant, measured electrically 
in watts, is the product of the volts and the 
amperes at that instant. The energy is the pro- 
duct of the average power multiplied by the 
time during which the power has bc'cn taken. 
Wc can therefore dificrentiato the ideas of 
power and energy in one way by saying that the 
power may be continually changing— it may 
increase or it may diminish from instant to 
instant — ^whereas the total energy consumed 
is always growing from instant to instant, and 
the quickness with which it grows depends upon 
the magnitude of the power. 

A power meter (in the electrical case called 
the wattmeter) gives its readings by means of a 
pointer which moves backwards and forwards 
over a scale (see page 232], and does not nec(*s- 
sarily leave any permanent record, but an energy 
meter has a dial and a counting i.rain, and at 
any time shows a totalised record of what has 
taken place during the whole time preceding the 
moment of inspection. Because of this an elec- 
trical enei’gy meter is sometimes called an 
integrating nHittmeier. There are therefore 
throe quantities which have to bo taken into 
account in the energy im^tor — namely, the 
current, the voltage, and tlu* time; and every 
variatibn in any or all of them must be faith- 
. fully accounted for in the final reading. 

Wattmeter and Integrating Watt- 
meter. The product of the current and voltage 
is measured by the wattmeter, aud we shall now 
see how the wattmeter construction is extended 
in order to take into account the third factor. 
Fig. 209 shows a typical oonstructiou for a watt- 
meter, consisting oi ftxed thick wire coils which 
caiTy the current going to the lamps or the 
motors, and a thin wire coil which is connected 
across mains, and therefore carries a small cur- 
rent proportional to the volts. The coil is 
mounted in bearings, and is free to turn against 
a couple of controlling springs, which also serve to 
convey the current to the tine wire coil. Such 
fine wire coils, or the voltage coils, as we may call 
them, wiU thus be alive at the time that the meter 


is connected, but the tliii'k wire or current 
coils will carry current only during the time 
that lamps are on or motors running. 

It will be notic(xl that the coils have been 
placed at right angles to one anotlier, so that, as 
ex plained on page 1417, there will be a drag on the 
coils, and the lino wire coil will turn round until 
the drag on it is counteractixl by the force due to 
the winding up of the control springs. This 
drag will be ])roporLional to the product of the 
currents in the two sets of coils fiiage 1417], and 
is therefore jiroportional lo the power (watts) 
being absorbed in the circuit, k^ig. 211 shows 
the development of this instrument into a supply 
meter. Hero we liavo the current and voltage 
coils as before, the only ditfori'nce being that 
the larter arc spaced out around a cylinder, so 
that, as they revolve, tliore are always some of 
them in ihe active region near the centre of the 
current coils. Instead of the springs, a commu- 
tator has been substituti.'d lo bring llio current 
into the rotating part, and the control now takes 
the form of fan blades, which are mounted upon 
the motor shaft. Again the thin voltage coils 
carry current all the time, the thick coils only 
when a load is on the circuit. The revolutions 
of the armatui’e arc counted u]) by moans of a 
worm on the rotating spindle wliich engages in 
a tooth whe(*l which in turn is attached to a 
set of clockwork gears. 

Control of the Revolving Element. In 

the wall meter the moving part, when a drag 
came on the coil, wound up a spring to such an 
extent that the drag on the moving coils was 
exactly counteracted by the tension from Ibe 
wound-up sjiring. The greater the drag on 
the coils, the more must the spring be wound 
up to counteract this drag, and therefore the 
greater the deflection of the pointer over the 
dial. In the 8U])ply meter wo have this drag, 
but the control in this case has to be sucli that 
the resisting force depends upon tlui number of 
revolutions i)er minute, and not upon the amount 
of deflection from an initial position. As will bo 
seen, fan blades have been mount, ed upon the 
lower end of the shaft for this purpose. 

The resistance in the air to revolving blades is 
up to moderate speeds, proportional to the 
speed at which they are revolving, so that in this 
meter, if the current bo doubled and the drag 
or torque on the revolving part bo doubled, the 
speed will gradually rise to double its previous 
value, for then the air resistance in the fan 
blades will also have been doubled. In this way 
wo SCO that the speed of revolution will he pro- 
portional to the load, and the indication on the dial 
will bo a true record of the sums of the products of 
the current, voltage, and time during the various 
intervals that the electricity has been used. 
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The Magnetic Brake. The fan is not 

the most convenient form of brake to use, as 
at hich speeds its braking force is not propor- 
tional to the speed, so that the forces at work in 
the meter h ivo in consequence to be small ; 
and, further, its action depends upon the extent 
to which it is surrounded by a casing which 
necessitates tlio meter being calibrated with the 
case on — a luf^tter of inconvenience ; and it is 
not readily adjusted when, during the testing, 
it is found necessary to make the motor run a 
little faster or slow'er. The form of brake more 
often used is shown in 210, and depends for its 
action upon the generation of eddy-currents in 
a revolving metal disc by means of a permanent 
magnet. This magnet is capable of easy adjust- 
numt/, so that, by making the magiu^t cover more 
or less of the disc, the meter is inado to revolve 
slower or faster. 

Details of the Meter. The typo of meter 
which we have taken for illustration is that 
brought out by Professor Klihu 'riiomsoii, in 


The Starting Coil. In tho meter, as so 
far described, a portion of tho torque given by 
virtue of the current in the main coil has to be 
used to overcome the friction of the meter. The 
meter will consequently read slow by a jKircentage 
which increases as the load goes off, and it may 
even happen that the torque produced by the 
cim’cnt taken to light one lamp may not exceed 
(he frictional resistance of tho meter, and so no 
turning will take place, and the consumer might 
continue to use the current for the*, single lamp 
without having to pay for it. In order to over- 
come the frictional resistance by a torque which 
is not dt‘rived from the main current, coils of fine 
w'ire arc inserted inside tho main coils, and are 
connected in series with the armature, their 
position being adjusted so that there is alw'ays 
a small torque being exerted which will counter- 
act the frictional resistance. 

Types of Electricity Meters. Innumer- 
able forms of electricity meters hav(5 been tried, 
and some are in successful use in special c^isos. 
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America [217]. The revolving part or armature 
consists of eight coils c(pially spaced around the 
l)criphcry, and connected to a small eight-part 
silver commutator. Tho current which passes 
through the armature is wasted so far as the 
doing of useful work is concerned, and should 
therefore be as small as possible. For this reason 
each coil on tho armature has as many as 800 
turns, and, taken altogether, tho total resistanco 
across the brushes is 040 ohms. Sometimes 
this is not considered sufficient, and more resist- 
anco is inserted in the armature circuit in the 
shape of coils stow'ed away at the back of tho 
raeler case. This part of the circuit is therefor© 
a high-resistance shunt, 

Tho brashes are of springy steel, but actual 
contact on the commutator is made by small 
silver plates soldered on the ends. As regards 
tho mounting of tho motor, the shaft terminates 
in a polished steel point which rests on a jewel 
bearing. To preserve the point and jewel from 
damago duo to jolting, the bearing is supported 
in guides by means of a spiral spring, so that a 
little up-and-down motion is obtained. 

2006 


but present-day practice has largely settled down 
to two types, the motor meter for continuous 
currents, and tho induction meter for alternating 
currents. Clock meti*rs, integrating meters, and 
electrolytic meters have at times been in favour, 
but experience has not extended their use. 

The best-known eJock-typo meter is tho Aron, 
where the variation in the time of vibration of 
two similar pendulums is a measure of tho cur- 
rent which has passed. This is an accurate and 
reliable meter, but is much dearer thgp others. 

Tim integrating meter, in which periodical 
ladings w'ore taken and recorded, has also fallen 
into disuse ; while the eloctrolytio meter, in 
which the amount of electric energy which has 
passed is measured by tho amount of chemical 
change it has effected, is now largely conffnod to 
tho moasuremont of very small currents. 

Motor Meters. When the actual energy 
which has passed in a continuous current circuit 
is to be measured, a meter of the Thomson typo 
is used. Usually, meters are used to measure 
the energy sold from public supply mains to 
private consumers. It is supposed that the 





is kept constant — or at any rate within 
4 per cent, of the declaimed voltage — so that the 
current which, passes is a fair, though not en- 
tirely accurate, measure of the sold energy. 

It is possible, therefore, to measure current by 
means of a motor meter like the Thomson, but 
using permanent magnets in place of the electro- 
magnet ; and a number of commercial meters act 
on this principle, a very small 
j’loportional part of the wliole 
current being taken through the 
revolving armature. 

The best-known motor current 
motors for continuous currents are 
those of Forrariti and of Chamber- 
lain and Kookham. In both of 
these a metal disc rotates in a 
bath of mercury, and Figs. 212 
and 215, whicli illustrate the 
action of a Ferranti meter, will 
suflice for both. Tlio Chamber- 
lain and Hookham meter has a 
single in placo of the double 
magnet of the Ferranti. There 
arc either one or two curved per- 
manent magnets, which have poU? 
pieces forming the top and bottom 

of a space filled with mercury. A meri’ury bath 

metal disc rotates in this mercury, and to the 
spindle of this disc the counting and registerin-;? 
movement is titted. The current is led, as shown, 
to the side of the mercury bath, and flows across 
the metal armature disc to the centre, whence it 
is led to the outgoing terminal. 

Whenever current, in passing t hrough the meter, 
crosses the armature disc, it sets it rotating, 
the speed tending to increase very rapidly. The 
rotation of this solid metal 
disc in the strong magnetic 
field jiroduccd by the per- 
manent magnets sets up in 
the disc eddy-currents, which 
tend to stop the rotation of 
the disc. The final result is 
that increases of speed at- 
tained by this disc correspond 
to increases in the rate of 
flow of the current; and that 
counting and integrating the 
number of revolutions of the 
disc gives accurate measure- 
ments of the total current. 

Rather it would do this if it 
were not for the friction 
losses in the meter its('lf. 

These are very small, and arc 
comi^nsated for by passing 
a coil of the outgoing wire 
round an elecirom agnet, 
whfeh to a very small extent operates counter to 
the power of the permanent magnets. 

Alternating Metera. For alt^^mating 
current work it is necessary, on account of the 
inductive character of many loads, to measure 
energy, not current. For instance, if a current 
meter were used to measure an arc lamp circuit, 
the amount indicated on the meter would bo far 
moro than the energy actually used. 


213. 
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. Thci^ are, howo/c'r, a number of types of 
induction watt-hour meters which are both cheap 
and accurate. Figs. 214 and 216 illustrate the 
latest iyp(^ of the Ferranti mt'ter, and 218 ahowa 
the Wcstinghoiise Company’s “N” meter. Their 
action is illustrated in 213, The pressure 
coil, or shunt coil, is shown at the to]) of the meter ; 
the current coil, of rhiek wire, passes ihrougli the 
hot ton) part of the mc'ter. The 
poll's of the two electromagnets 
nearly touch, but in the inter- 
vening space a very light metal 
disc which actuates the counting 
mechan isni is f rec to rotal e. 1 hero 
is also i perinaiK'iit magnet so 
])laced that the disc is nuulo to 
rotate at one part of its movement 
Ix'twecn its ])oU‘s. 

When current passes through 
th(‘ meter, the eddy-cuirents, which 
are induced in the rotating disc 
by the* shunt field, react on the 
series field and produce a driving 
torque. Owing to the reactions of 
the series and shunt fields the 
resultant tor(|uo is proportional 
not to the ciirnuit alone but to 
METER ent'rgy. The rotation of the 
light disc is controllc'd, as in the continuous 
current mcnairy nu'ter, by the permanent 
magnet lit'ld, with ilie result that the 
number of revolutions made by the disc is a 
measure of the total energy. 'Po ensure accuracy, 
the aim of all motor niakers is to produce as 
largo a diiving torque as possible and, at tho 
same time, to reduce tho weight of the revolving 
part to the lowest point. 

Accuracy of Meters. 
As tho success of electricity 
HU})ply Aindcrtakings depends 
to a largo extent upon thi? 
accuracy of tho meters, tho 
greatest care has been taken 
to mako motors which start 
with very small currents and 
arc accurate under all condi- 
tions. Practically all modern 
meters are accurate to within 
2 per cent., from ./,jth load up 
to 1|> times full load; and 
many kinds of meter, after 
prolonged tests by tho Board 
of Trade, have boon approved 
as suitable fur general use. 

Meters and Tariffs. 
Much might ho said upon tho 
question of meters and tariffs, 
it will easily bo scon that 
MOTOR OB’ FERRANTI METER tlio chargo niadtJ to any con- 
sumer should really bo divided into two parts, 
one part depending on tho amount of current 
taken at any ono timer, and tho otht*r dependent 
on the length of time during which he has^ taken 
that current. For instance, if a consumer’s load 
is 5 KW, tho central station must always bo 
ready to supply that 5 KW, whether tho con- 
sumer wants it for six hours a day or only fifteen 
minutes. Tliis part of tho chargo mado to tho 
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consumer is constant, and independent of tlic trusting to iht? ])eciiliarity of one person's 

load ; and many stations assess its valium at d<‘inand averaging out ihat of another’s. Other 

£4 lOs. per KVV per year. Tliat means that this engineers use “ Iwo-rato ” meters, which 

customer must pay the central station £4 10s. x measun* all (‘nergy siipi)lied during certain hours 

5“ £22 10s. per year, or £5 12s. Od. pia* quarter, in correctly, and all supplied during otlier hours at 

ordiT to n^coup tlunn for always being prepared half rate, thus difTenuitiating the ])rice accord* 

to give him 5 KW of cn(‘rgy. The actual cost of ing to the time at which it is su))j>lied. 

su]>plying the energy is in many stations less Tlu^ whole problem of successful t'lectrieity 
than Jd. per unit, and consequently it is found supply depends upon means being found to use 

profitable to charge £4 10s. per KW demand the c*neigy (aipablc of being produced by a 

per annum, plus Jd. for each unit supplied. central station, not for one or two hours a day, 

Many automatic ai»pliances have been devised but for eighteen or twenty. It costs as much, 

to register the maximum amount of imcrgy taken practically, to equip a station which works at full 

by a customer; some of them are tjoinbined with load one hour a day as one that works at full 

meters. This plan of dividing the charge made to load for eighteen to twenty hours, but the 

consumers into “ standing and “ running ” revenue obtained from the units sold is very 

costs is the only om^ which is really fair to much higher in the second case than the first, 

supplier and consumer, but it is not an easy though the extra cost of. running the station is 

one to explain. Consequently, some supply only a little more than the cost of the extra fuel 

authorities prefer to make a llat charge ])er unit, and materials. STLVANXJ8 P. THOMPSON. 
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Parts of the Instrument The Bow. Tuning. Expres- 
sion. Plrst» Second, and Third Positions. Exercises. 

THE VIOLA 


T ub viola, called sometimes the teii:)r, is a 
member of the violin family, to' which 
instrument, although larger, it bears a very close 
rcsomblanco. So great, indeed, is this similarity 
that we not infrequently find a viola player 
who began hia musical career as a violinist ; and 
the study of the violin will be found beneficial 
when we take up the larger instrument. The 
aspiring viola player is therefore recommended to 
study the course on the Violin [sec page 1954]. 

The size of the viola is determinefi 
by no hard and fast lulc, but it is, 
roughly speaking, about 3 in. longer 
than the violin, its other mensunuiumts 
being proportionately larger. Yet this 
' increase of size is acoustically insufficient 
for the viola’s deeper compass (a fifth 
below the violin), but if it w’crc made 
of the full size demanded by its pitch 
it would be impossible 1o hold it in the 
usual way. It is generally considered 
that this relatively small size is ac- 
countable for tlie viola’s peculiar quality 
of tone, and there is no doubt that the 
larger the instnnnent, the fuller 
and more resonant is its sound. 

As may be supposed, the tone of 
the viola bears a certain resem- 
blance to that of the violin, but 
it has a distinguishing quality of 
its own — in the higher positions a* 
nasal and penetrating timhre^ while 
the middle and lower registers are 
apt to sound weak in any save 
skilful hands. 

The names applied to the various 
parts of the instrument will be 
understood on reference to 1. 

The body consists of the hdly — 
i.€., the front — of the instrument, 
the ribs (forming the sides), and 
the hack, 

a is the neck, terminating in the 
peg-box. 

b is the scroll, at the end, merely 
ornamental; attached to the neck 
is the fingerboard, r. 

d is the tailpiece, to which the 
ends of the strings are attached, 
afterwards passing o ver the hridg \e. 

The / holes, or sound holes, are marked /. 
The four strings are made of gut, the two lower 
ones being covered with fine silver or copper 
wire. . They are tuned thus : , 



It should here be mentioned that music for the 


viola is written, for the most p.-irt, in the alto 
clef. [See Musical Tiieohy.] 

These four notes sounded by the strings are 
termed open notes. 3'he other sounds necessary 
for the completion of the scale are obtained by 
firmly pressing the string on to the tingiTboard 
with the lingers of tlu^ left liand, thus in effect 
temporarily shortening the string, the exact pitch 
being determined by tlie position of the finger on 
the fingerboard. Thus, on the ( ' st ring, by pn'ss- 
ing the first finger on the string about i J in. 
from the imd, the note D will be produced. 
Placing th(^ second finger the same distance 
flirt her on will give K. F, being a semitone, 
will lie closer to the E, while (I witli the 
ftiiirth lingi'r is again a whole tone. Tliis 
(1 is identical in pitch with the open note 
of the third string. It will now' bo seen 
that l)y the sueei'ssive ust* of threi^ fingers on 
each string a complete sea-io of (’ for two 
octaves and a third can be prodiic?ed with- 
out shifting the hand. The notes thus 
form(‘d comprise the first position. 

Tjie niiinni'r of holding the viola is so 
similar to that of holding the 
violin that tin* student is referred 
to the instructions given for that 
instrunK'nt [see page 1950]. The 
only dithTimee is that, on ac^eount 
of its larger size, the arm of the 
player is less bent than when 
holding a violin. The bow, too, 
is held and manipulated in a 
prtHUsely similar manru'i*. 

The Strings. Before be- 
ginning to play, the student 
should devote a little lime to 
learning to put on a string and 
then to tuning the viola. The 
strings when bought usually con- 
tain sufficient for two lengths, 
with the exception of the covered 
strings, which are made to 
the size required. Strings will 
be. found to vary somew'hat in 
thickness ; the exact gauge best 
suited to any instill inent is a 
matter that can only he decided 
by experience. Having obtained 
a suitable string, proceed to 
make a knot at onp end of it.- Pass this 
through its proper hole in the tailpiecu^ ‘and 
push the string in to the adjoining slot, 
which is too narrow to allow the knot to lie 
pulled through. One end being thus firmly 
held, pass the string over its notch in the 
bridge and along the fingerboard to the P^?** 
In the illustration, the four pegs, marked 
1 , 2, 3, 4, correspond respectively to the first, 
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second, third, and fourth strii^ and on no 
account must a peg be used any but its 
correct string. 

The end of the string is now to be threaded 
through the hole in its peg, and the latter turned 
in such a direotion that the string shall pass 
over the peg — not under. After half a turn, the 
end can bo extracted from the box and held 
so that the string shall pass over it on each 
subsequent turn of the peg, thus holding it 
firmly, and preventing it from slipping. The 
string should be made to coil upon the peg in a 
direction tending towards the larger end. If 
the i)eg shows any tendency to slip in its socket, 
it should be pushed inward as it is turned ; 
being made to taper at one end, this will have 
the effect of wedging it into its hole. 

T u n ing. The strings are tuned by increasing 
or decreasing their tension by means of the pegs. 
The more tightly the string is strained, the higher, 
of course, is the pitch. 

The A string is always tuned from some other 
instrument whose pitch does not vary. This is, 
of course, in unison with the second string of the 
violin, and is the note (arbitrarily) from which 
almost all instruments are tuned. From this 
fixed point, as it were, the other strings may bo 
easily corrected, it being borne in mind that each 
is a perfect fifth from its neighbour, and that, a 
perfect fifth is the most sensitive of all intervals ; 
the slightest inaccuracy of one of its constituents 
produces a harshness that may be recognised by 
the most inexperienced ear. While the tuning 
is in progress the strings should be sounded with 
the bow ; therefore it is well to be able to 
manipulate the peg with one hand, while the 
other holds the bow. The usual method of 
managing this may be learned by watching any 
violinist tuning his instrument prior to playing. 

The viola must be firmly held by the 
chin. To assist this, a pad may be placed 
under the left lai)cl of the coat, beneath the 
instrument. The chin*rest also affords help 
in this matter, while the neck of the viola 
is to bo sui>ported in the crook of the thumb 
and first finger. This support should be suffi- 
cient to keep the instrument quite steady. Any 
attempt to grip the n(H;k with the fingers, 
oven between the forefinger and thumb, is inad- 
missible, and would, indeed, be fatal when wo 
come to shifting to the higher positions. 

The Bow. Now let us turn our attention 
to the bow. The different parts of this are 
shown in 2. The length should be about 29 in, 

a is the stick, which is 


rubbed over a piece of resin, care being taken 
that the ends, as well as the middle of we hair 
receive their share. 

The bow is held precisely in the same way , 
as the violin bow, but one or two points 
may be reiterated. It should not be gripped 
too tightly, but held easily between the first, 
second, and third fingers opposed to the 
thumb ; the little finger is used to balance 
the bow. Any additional pressure of the bow 
on the strings is produced by the middle joint 
of the forefinger. The hair of the bow must 
not bo placed flat on the strings, buT the bow 
must bo turned so that the edge of the hair 
furthest from the player first comes in contact 
with the string. It is important when playing 
on the first string to remember to keep the 
elbow in, close to the side of the body ; one of 
the commonest faults with beginners is to raise 
the elbow until the upper -arm i.s almost in a line 
with the shoulder. Ai)art from the awkward 
and ungainly appearance caused by this attitude, 
it is almost impossible to control the bow with ^ 
due delicacy from this strained position. 

Now try to play the following exercise very 
slowly and with an even tone. The sign , 
signifies a down-bow — f.e., starting at the nut 
and drawing to the point ; v is used to indicate 
an up-bow, from the point to the nut. 



[• Simile i.e.y in ihe same manner.] 


Hold the viola and bow as directed, and bring 
the latter, at the end near the nut, on the A 
string, at a place approximately midway between 
ihe bridge and the fingerboard. The wrist 
should, at this point, be somewhat bent; the 
wrist-bone, that is to say, should be higher than 
the hand. Now draw the bow slowly across 
the string, endeavouring to keep the pressure 
on it perfectly even throughout the stroke. 
See, too, that the bow remains on the same port 
of the string throughout, and does not get either 
nearer to the bridge or to the fingerboard. 
Tfcke care that the bow remains at right angles 
to the string all the time, and if, on nearing 
the point, it is seen to he 


usually made of lance- wood d otherwise, the fa^lt will 

or snake- wood. probably lie with the arm, 

h is the hair, which is 2. the bow which may have been 

fastened to the head (c). moved from the shoulder 

By means of a nut (rf), whioh screws into the joint instead of the elbow, thus swinging round 
head, the hair can be made tighter or looser, the whole arm and causing the elbow to move 
When iiot in use the bow is kept loosened, and behind the body. 

l^fore beginning to play, it must be tightened This is a b^ fault, and must be carefully 
by turning the nut. It must not be made so guarded against. As a matter of fact, after 
tight as to lose its elasticity, but tight enough half the len^h of the bow has been drawn, the 
to prevent the stick from coming into contact upper-arm W very little to do, the greater 
with the hair ^when playing fortissimo. On part of the movement being caused % the 
each occasion, before using,^e bow should be unbending of the elbow. The wrist, also^ 
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gradually unbends until, at about two-thirds 
of tho bow, it is level, and during the 
remainder of the stroke it bends in the 
reverse direction — that is, with tho wrist- bone 
lower than the knuckles. This movement 
will bo found to occur naturally if the bow is 
kept straight and the arm near to the side. 

For the up- bow the movements are simply 
reversed. 

The bowing for the other three strings is very 
similar. The chief point of dilTercnco lies in 
the elevation of the upper-arm, which is to 
be raised^ sulRciently to allow the bow to lio 
comfortably on the string. 

Expression. So far nothing has been 
said about the sounds we are producing from 
our instrument. The intensity of the sound 
— I.C., its loudness or softness — is governed, 
to some extent, by the speed of tho bow, but 
principally by the degree of pressure exerted 
by tho bow on the stiing (by means of the 
forelinger). When placing pianissimo tho weight 
of the how on the string is controlled by the 
little linger, which acts as a counterbalance. 
A diffi(!ulty to tho beginner is always to shirt 
so that an unpleasant sc.raping shall not intrude 
itself ; this seems to be caused by a eornbinatioii 
of too much pressure on tlui how and too slow 
a speed, but principally tho former, and may 
overcome by judicious attention to thesis two 
points. The exeriaso should llum be praetuuxl 
with a crescendo and decrescendo on o.ach note, 
beginning and ending quite softly and 8W(‘lling 
to a forte in the middle. 


have the exercise it stands in need of, and in a 
vcty short tirilo it will ciiaso to give trouble. 

Space forbids tho inclusion of exercises, but 
the student should, at this point, procure a book 
of elementary studies for tho viola. Those by 
Hofmann may be recommended, or the “ Viola 
School,” by Hans Sitt, will be found useful. 
Both are puhlish(id in the Peters Kdition. 

It is not neccssaiy that a whole bow he used 
for ea(;h note as we have hitherto done. Several 
notes may be sto])petl, even those lying on adja- 
cent strings, during the time tho bow is travelling 
from one end to the other. A slur, thus : 



is used to indicate that all tlu* notes under it 
are to be playt'd in one bow. The smooth 
etfeet of this is termed Irgnto, the word staccato 
being employed to indicate short notes played 
each with a separate bow ; tho latter are some- 
times marked with a dot, thus : 



A variety of patterns, formc'd of a combination 
of legato and stacjcato, is thus possibles. Many 
of these require ear(‘ful management of the bow 
to render them successfully. 

In this (‘xample, more bow is required for the 
slurred notes than for tho detacdied ones, and 


As soon as a moderate amount of mastery over 
the bow arm has been p-, V . 

attained, wo may turn j 

our attention to iiroduc- Ii ppippf:- l 

ing notes other than the 


this requires that the latter be played at the* 


ojHjn sounds. Before b<*giiiiiing this, howtiver, 
it is necessary to insist that the student shall 
listen attentively to every note h(* plays ; for 
we have nothing but the ear to tell us whetluu* 
or no wo are playirg in tune. The position of 
evciy note must bo found out and learned ac- 
curately ; there must be no shuffling and sliding 
of the fingers to correct a faulty intonation. 
Therefore, let it bo emphatically reiterated, 
listen^ from the very beginning until tho habit 
has lieen acquired of stopping notes dead in tuiUN 
and after that still listen, to ensure correct playing. 

Now, it is easy to say that on an average 
viola the distance from 


opposite end of the bow for each group alter- 
naUdy. A more difficult bowing is the following : 



It would a(‘(*m that three times as much bow 
is wanted for tlu^ legato noti;s as for the one 
staccato, but if this is done a very short time 
will bring us to the end of the how, and make it 
impossible to continue without an ugly break in 
the music. The only way to overcome this 
difficulty is to take an equal amount of bow for 
the two unequal sections of the group — that is. 



about i in. less, and so on. This may be quite 
true, but even the very beginner cannot put 
down his bow and measure off the distanees 


upon the fingerboard. He must use his ear to 
tell when the note is sounding in tune, and then 
remember the positions of the fingers that gave 
the coirect sound. If the student has small hands 
he may find G with the fourth finger rather an 
awkward stretch, but that is no reason for 
permitting the note to be played fiat, or for 
substituting the open note. Let the little finger 


a rather slow down- bow for the three slurred 
notes and a quick up-bow for the last note, 
taking the bow baerk to the starting-point. Tho 



is to be interpreted thus ; the slur indicates one 
bow for the six notes ; the dots indicate that 
the notes are to be separated — that is, the bow 
must stop between each note. This is some- 
times called peniamerUo, 
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When wo reach iho use of sharps and fiats 
our didiculticB materially increase, for each linger 
has now three different positions to remember, 
'riius, on the fourth string, the first finger 
will, besides the Djj, play D7. (C#), half a 
tone below its normal position, and also D& 
hiilf a tone above, despite the fact that this 
latter is the same sound as the E7, which is 
taken with the second finger. The position of 
the hand should not be altered at all, merely the 
finger advanced or put back to a position midway 
betwc3cn two consecutive tones. The other 
fingers have a corresponding series of extensions 
and it^lractions for stopping the notes a chro- 
matic semitone on eitner side of their normal 


})osition. 

It will bo seen that by inclining the bow so as 
to touch two strings simultaneously, double 
notes may be played ; the chief difficulty with 
these will be found in keeping the tone evenly 
balanced on both strings. Three, and even 


four, notes may bo played almost together, by 
drawing the bow rapidly across the strings, 
although only the highest two are actually 
sustained. Os. 




never the reverst 


which soimds 



V 


It is more 


difficult when none of the 
notes arc open ones, thus : 
"rho intonation must be very 
carefully attended to. 



Still harder is this position : 
But such chords are not 



very common. 

Positions. 


The student will do well to 


confine himself for some time to the first position 
only, until ho has acquired a very considerable 
mastery over exercises and easy pieces within his 
abilities. 


If we shift the hand along the neck of the 
viola, so that the first finger is in a position to 
stop the notes formerly played by the 80 (’ond, 
and, in consequence, all the other fingers arc also 
playing a note higher than previously, the 
compass will extend to P on the first string 
instead of E, and we shall be playing in the 
second' position. Of course, the lowest note, D, 
on the fourth string is now inaccessible ; we 
have merely transposed the com|>as8 a tone 
higher — ^not extended it. Similarly, by shifting 


the hand still a note higher 
the compass will extend : 



This is the third position. In a like manner, 
the fourth, fifth, sixth, and seventh positions 
are attained, each situated a note above the 
previous ones. 

There are several things to be learned afresh 
for each new shift. First, the position of the 
hand along the neck of the instrument must be 
remembered, so as to bring the fingers over their 
coiT(‘ct note positions. Secondly, an entirely 
fresh fingering has to be memorised and con- 
nected w ith its corresponding position ; and here 
much confusion will result if we try to proceed 
to fresh difficulties before thoroughly mastering 
the earlier ones. Thirdly, as we advance to the 
higher positions the notes become closer to- 
gether ; they are no longer at the distances they 
occupied from one another at first ; in the very 
high positions the fingers become uncomfortably 
close together, and there is consequently even 
less latitude for error than before. It is im- 
portant that one position be thoroughly learned 
before studying another. 

It is very usual, and the practice has much to 
recommend it, to learn the third position before 
the second. It is a more generally useful one, 
and has, furthermore, this advantage : just as, 
in the first position, the hand was at the end of 
the neck — the projection of the peg-l>ox forming 
a guidance for the thund) — so now', in the third 
]3osition, the hand is brought to the other end of 
the neck, and allowed to rest against the shoulder 
of the viola body. This establishes a fixed point 
of aim for the hand, which is not possible in any 
of the other positions, although in th(i fifth and 
higher the thumb should always cling to the 
viola in the angle of thi* neck. When the finger- 
ing of the third position has become tolerably 
familiar, exercises should bo practised wherein 
it is combined with the first position. In 
changing from one to the other, the hand .and 
finger — it is, perhaps, easiest with the first finger 
stopping its note — should be swiftly slid together, 
with no independent movement of cither. 

Mention should be made here of what is known 
as the half position. It is situated a semitone 
below the first position, and its use will best lx> 
seen from an example. 



By playing this with the fingering sho^vn, the 
passage becomes considerably easier than if 
played in the first position. From what has 
been written, the student should Ifave no 
difficulty in learning the remaining positions, 
with the aid of a suitable book of studies properly 
graduated as to difficulty. 

For on explanation of harmonics and much 
other matter, the student ia referred to the 
instructions on the violin. 


PAUL COKDEB 
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GROUP 18-MANUFACTURES • THE WORKSHOP OF THE WORLD-CHAPTER 20 

Hackling Flax. Wet and Dry Spinning. Yarn Bleaching. 

The Treatment of Jute and Hemp. Moisture and Strength. 

FLAX, JUTE. AND HEMP SPINNING 

have seen that the bast fibres are all Ion" has been |•^eRonted to the haeklos. When the 

ones, and it has become apparent from tho holder has biieii combed throiij^h it receives a shiji, 

chapters on the spinning of cotton, wool, and silk and is moved on to the next tool. The progress is 

that the manufacturing treatment suitable for any continual, and with every shift one holder is 

fibre is largely determined by the factor of length. liberated and another boKlor is put in. One passage 

The methods cmplovod in spinning flax, hemp, and through the mai^hino dresses half the llnx, being 

jute are like to each other, and they bear marked thathalf which jirojeets, and the holders are returned 

resemblances to processt's that have alrt*ady been tt) the starting-point so that tho fringe can bo 

described in connection with other mat(‘rials.‘ There reversed. The root ends, which are always the first 

are incidental diiferences in methods and in tho to bo hackled, an' clamped in the hohh'rs, and tho 

names givi'n to the same method, but none of these tops, whicih have hitherto been ni[)pcd between tho 

is very difficult to understand. plates, are exposed. 

Hackling Flax. Flax manufacture begins The hackle teeth comb out and carry downvvanl 
upon tho stricks, or handfuls of fibre delivered from which is removoil from the y)ins by circular 

t]w sritlching //////[page 10 1 8 J, and the first operation brushes and striy/pod by a dt/lTer-rollcr and a knife, 
is that of hackling. Tho object is to straighten and The tow is removed and treatiul by carding engines 

divide the fibre, and to remove the short material, a short fibre, anrl the dressi'il tlax, or line, is dtalt 

or tow. Flax is given a roughing^ or rough hackling, with in a maiiiK'r closely ci/rresponding to that used 

by hand as a yirelirninary treatment. Seizing it by hi syiiiming worsted and silk waste, 'rho lino is 
tho top, the rougher takes a strick out of tho bundle, first yjassed to the sorter to bo classified into qualifies, 

and, after winding it round his hand, dashes tho to have its infcriiu- portions removed and its 

tlax with forcjo into tho tei*ih of a hackle, or comb. fibres straightened. Hand hackles with teeth much 

The operation is repeated as often as need bo, and, fiiuT than those (>f the rougher arc used by tho 

if necessary, other and finer combs arc used sue- sort (‘r, and froin liini the line jiasses in turn to tho 

ccssivcly to obtain tho desired ri'sult. Hackling spreading machine. 

can bo completed entirely by hand, but after a first Spreading and Gilling. The spreading 
roughing the nsnal course is to pass the flax through machine, or spread board, made for flax has the 
tho eutt(‘r and into tho hackling macliine. same fiinetion as that uscil on waste silk — thi? con- 

AJl yiarts of one stem of fiax aro not of equal version of a fringt^ of fibre into a continuous sliver, 

value. Tho root en<l is coarse and the toyis aro jy, y^{^^ from four to eight travelling ayirons, upon 

unequal. Tho middle is the choice part, and which jiioces of dressed line, sijiiilar in size, are laid. 

middle.^ of 14 to 18 inch lengths are obtained. When As thest' travel forward otlu'r piec(‘.s are laid abovi^ 

the middle is used in one length tho flax is spoken th/an so that the ends overlap. The mati'iiid 

of as long line, but the middles may bo out into two, travels between f(‘C'd rollers when it is penetrated 

in which ease they form cut line. The cutting is by the teeth of gills j page 2340] which travel faster 

done by a machine, into which the fiax is fed in than the fet'ding rolkas, and bear tlio fiax forward 

handfuls bctwivn grooved and weighted nipy/ing at tho same tinu^ that they make ymrallel and 

rollers. While firmly held between these rollers, divide lh<* fibres, 'rhe slivers yjass through the 

the material is cut by a blade, leaving the toyis in one machine independently of each other, and arc 

hand of tho machino boy and tho root ends in tho drawn off by (U^livcring rollers separately, but in 

other hand. leaving tho machino all tho slivers an' brought 

The Machine Hackle. Tho machine hacklo together, formoil into one, and coiled mechanically 

has provision for holding or clamping the fibre, fur in a tall can. 'rhe gills arc y>ro|H*llcd by worm gear, 

moving these holders along in succession, and mean- and it is worth noting that it was a fiax spinner, 

time for allowing teeth to comb the fiax. Tho VV'^illiam King Wostloy, of L(?eds, who invcntc'd, in 

material is sy 3 read evenly uyion an iron plate, and 1833, the screw gill, which has become, indispensable 

upon the top of this another yilato is screwed, tho in the preparation of all fine, long fibres for tho 

fioro yirojocting as a fringe. The holders aro yilacod spinning machine. 

edge downwards in the overhead channel of the Syiri'ading machines aro usually fitted with a bell 
machine so that tho flax hangs down. Beneath the that is automatioally rung when a standard h'ugth 

channel are tho hackle-shecis, which are endless of 500 or 1000 yards of sliver has been tlclivercd, 

leather belts working vertically over rollers, an<l and by weighing this length and adjusting tho fecnls 
these shoots carry bars of wood studded with steel tho fini'iioss of the resultant yarns can be contivllcd. 
pins of about one inch in length. The sheets are In using tho ordinary spreader, one girl is neeiled at 

sot closely in face of each other so that tho tooth tho feeiling-ayiron for ciaeh sliver, but to <lo away 

more or leas intersect, and the machines aro made with most of this labour a system of heavy spreading 

with from eight up to twenty tools or sheets, accord- has been brought into use. Under this system the 

ing to tho eira of fiax they are to work. Tho tpeth fiax goes throi^h in one coarse sliver instead of in 

on the first tool aro comparatively thick and wide from four to eight finer ones, and is reduced to its 

ayiart*, axMl on the successive sheets the pins aro proper fineness by subsequent extra treatment by 

'finer »and- closer together. the drawing frames. 

When the machine is in motion the head, or There are three or four drawing frames in a set 
channel, rises and falls gently, and gradually makes of flax machinery, and they am used to amalgamate 

a wider sweep until the whole of the pendent fibre and to draft slivers i>rod\iced by tho preceding 

textiles7leather,glas^earthcnware, paper, food supply, applied botany 
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machines. The drawing frames receive at each of 
their gill'heads from four up to twelve slivers, and 
deliver finer sliver coiled into cans. The next step 
is to bring the sliver to a roving frame, on which it 
is drawn finer by roller action and spun into roving 
by the action of a bobbin and flyer, fitted with a 
diflerential motion to ensure regular speed. 

Tow Spinning. The cheaper, shorter, and 
more imperfect fibre from which tow yarn is made 
has more than one origin. Wo have seen that 
codilla tow is made in scutching* fi ax straw, and 
that hand hackling and machine hackling both 
bring away tow from the long line ; these materials 
arc of different (jualitics and require treatment of 
varying degrees of severity. Coarse, strong tows are 
put through a brmker cardt or devil, a machine with a 
72-inch cylinder sot with inclined spikes rather less 
than one inch long. The cylinder carries upon its 
periphery worker, stripper, and doffer rollers 
covered with stout card-elothing which open and 
straighten the fibres and dislodge woody and other 
impurities. The tow is formed into a film, or la]), 
which is condensed into a sliver and led to n. jhitshr 
card. These cards arc made with varying numbers 
of worker rollers, and are covered with teeth of 
greater or less fineness in aecordanee with the class 
of work for which thiey are intended. 

The carded tow is pass(»d through drawing frames 
like those that are used for line, but with their feed 
and delivery rollers nearer together. Tows for 
making fine yarn are frequently combed, in which 
case sliver from the first of the drawing boxe.s is led 
into a machine working upon the Heilrnaim ])rineipIo 
[page 1603] and delivering sliver from which all 
fibres below a definite length have boon removed. 

Wet Spinning and Dry Spinning. The 

finest and smoothest linen yarns are made by the 
process of wet spinning. The machine emjiloyed is 
upon the fiver principle, with brass-faced and fluted 
drawing rollers. A trough holding hot water runs 
the w'hol(3 length of the frame, and through this the 
roving passes before entering the drawing roller.'^. 
Fibres of flax [page 129fi] are not simple structures, 
but are built up of ultimate filaments or cells bound 
together with a natural resin or gum. This peclose 
is softened by the hot Avater, and the drawing 
rollers, which are heavily weighted and set close 
together for the purpose, draw the individual fibres 
finer by drafting the filaments which compose the line. 

Flax cannot bo spun to as high numbers by di’y 
spinning, nor is dry-spun yarn as smooth as wet-spun, 
but it is very strong when long line is used, and 
tow yarns when dry -spun arc more bulky than those 
that have boon spun wet. Whereas there is a very 
short rntch, or separation, given to the drawing 
rollers in wet spinning, a long one, equal to the 
length of the longest fibre, is given when the yarn 
is spuiv. dry. A compromise l)etwoen wet and" dry 
spinning is sometimes effected by adding a cokf- 
water damping roller to a dry -spinning frame, so 
that just before the yarn is twisted by the action of 
the bobbin and flyer it receives a slight moistening. 
The result is to rmuce the stiffness of the dry fibre 
and to assist the making of a smooth yarn. 

Wet -spun yams, which form the main part of 
those spun in the United Kingdom, are reeled from 
the spinning bobbins into hanks, and these hanks 
are hung over poles and left to dry. When diy, the 
hanks are twis^d freely to take awav their stiffness, 
and are bunched together into bundles. Line yarns 
are numbered accord^ to their Zeos, or cuts (oi 
300 3 rards), and ^-lea means 20 x 300 »» 6000 
yards per lb. Taw yams are numbered in pounds 
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per spindle (of 48 leas), and ‘8-lb. tow yam means 
that 48 leas (48 x 300 =; 14,400 yards) weigh 8 lb. ; 
or, in other words, that the yam runs 6 leas 
(6 X 300 ==» 1800 yards) to one pound. 

Yarn Bleaching. The rosins present in flax . 
are removed more or loss completely in bleachi;ig, 
an operation that is sometimes carried out upon 
hanks of yam, but is more often deferred until after 
weaving. The yarn is boiled for three or four hours 
in a weak solution of soda ash in enclosed vessels 
called kiers, fitted with a perforated false floor. Ti.o 
kicr is heated by steam and is fitted with a central 
pi])e, up which boiling water from the lower com- 
partment is blown by the incoming steam, and is 
thus distributed over the hanks. The yarn is after- 
w’ards washed with plain water and squeezed semi- 
dry, and is placed next in a tank containing a 
solution of bleaching jiowder, whore the hanks are 
looped over rollers, and are kept rotating. After an 
hour the yarn is washed and lifted into another 
tank containing a weak solution of mineral acid. 
After being washed here the hanks are returned to 
the ki<*r. This round of o])crations is repeated as 
often ns is necessary to secure the requisite degree 
of whiteness and purity. The best finish is obtained 
by leaving the hanks to Ho for some days on the 
grass to bo bleached fiirthm* by the sun and air. 

Jute Preparation. The routine of the flax 
trade is followed in spinning hom]) aiul jute, with 
only such modiiications as are necessitated by the 
greater coarseness of the fibres and by the purposes 
in view. Jute arrives at the mills in tightly pressed 
bales, and the stricks, or heads, into which the 
contents are divided are hard and impliablo. The 
jute is passed into an opening machine, which opens 
the heads by crushing them. The machine has 
throe pairs of largo rollers, with coarse flutings or 
small round knobs upon their surfaces, and springs 
or weights above their axles to increase their crush- 
ing ])ower. The opened jute is delivered to the 
fhttekers, who divide the largo stricks into smaller 
portions in readiness for the softening iiuichino. 

The Jute Softenei:. The jute softener has 
some 63 pairs of small fluted rollers pressed together 
by spiral springs, and the jute in passing through 
forces up the upper rollers. Advantage is taken of 
this raising of the rollers to regulate automatically 
the overhead haUhing gear, by which water and oil 
are delivered to the material from tanks in measured 
quantity. Four to eight gallons of water and one to 
two gallons of oil are apfilicd to each 400-lb, bale, 
and the mineral, or mineral and whale, oils used 
lend an odour that can often bo detected upon such 
fabrics as hessian, or packing canvas. The oiled 
stricks are placed upon barrows and left overnight, 
to allow the mixture to penetrate the mass equally. 

Jute is long enough in staple to bo hackl^ like 
flax, but from motives of economy it is most often 
treated like tow upon a breaker card and next upon 
a finisher card. Two typos of carding ma4d)Lines aro 
in use, known respectively as np-striker and down- 
striker. The former has its worker and stripper 
rollers above the cylinder, while in the latter case 
these rollers are pkcod beneath. The jute is fed 
to tile apron of the breaker card in weighed quan- 
tities calculated to produce a rove or sliver 'of the 
weight desired, and this quantity is what jute 
spinners oall the dollop. 

Drawing and Spinning Jute* The carded 
jute is passed on to drawing frames of less fine 
construction than those used for flax and fine fibres 
at large. Screw gills, in which the fallers are regu- 
larly advanesd. by the luotion of a worm» are used 
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in the second drawing of common jute and in tho 
first and second drawing of tho finer yarns. Gills on 
the push bar principle, in which the fallers are thrust 
along by tho raising of a new fallcr from the bottom 
slide, open Imk gills in which tho toothed bars are 
secured together by a chain, an(l rotary gills aro 
used to some extent for the sake of choapness. 
Jute, being usually spun into coarse yarns, does not 
receive or require the large nunib(^r of donblhajs 
during drawing that aro given to tlu^ more c‘xpensivo 
fibres. From throe to five slivers are run into one 
at the first drawing frame, and from five to sovem 
slivers at tho second, and the sliver is twisted into 
roving upon a coarsen f^am(^ similar to that used for 
flax. The spinning is done on flyer frames, like those 
employed in the dry spinning of flax. 

The out'tiirn in jute spinnitig is heavy, for tho 
reasons that tho yarn is relatively thiel< ‘and little 
twisted, and that thi^ mnehirn's can he run faster 
than upon fine materials. Common jut(^ yarn runs 
from 7 to 10 lb. ])er spindle of 14,400 yards, equalling 
2057 to 1410 yards per lb. 

Xreatment of Homp. Both flax and jute are 
used in making cordage in addition to fabiics, but 
cordage is tin* principal article made from Iruo 
hemp and from the various bast and leaf fibres 
[page 1010] eommereially callcid heinjis. The fibres 
are so long and strong that it is generally necessary 
to use a machine expressly for the purpose of 
breaking tliem. Handfuls of long hemp are w rapped 
once or twice around the ends of two square pro- 
jeeiing arms, one of which is stationary and the 
other made to revolve at will. When the machine 
is thrown into gear tension is set up, and tho hemp 
is smipjied into two portions. 

Hemp intended for spinning and weaving is 
crushed and softened in such machines as are in use 
for jute, or is rolUul under the fluted rollers of a 
heavy circular machine. Hackling is done on inachiiio 
hackles similar to those used for flax, aiul drawing 
is performed upon push-har gills like those used for 
jute. The sliver is roved uiion the roving frame, and 
the roving is .s[mn in the same way as dry flax. 
Hemp tow is tn'utcd on carding machinery like flux 
tow, and spun cither wet or dry. 

Hemp Cordage. Hemp for cordage may bo 
hackled by hand and hand-spun in the ropcwalk 
from a hunch of fibre carried by tho workman. 'I’ho 
harder hemps need to be scutched by tho teeth of a 
revfilving drum. When tho fibre has been opened 
well, and has had its hard ends nmioved, tho s( ricks 
are placed in a combirieil machine which first hackles 
and then gills the fibres, turning out a eontinuoi s 
sliver. Slivers from this machine may be passetl 
through second and third machines of iner(*asing 
tine:. ess of teeth. It is unneeessarv to rove the 
sliver in order to make coarse thread, and in effect 
the spinning is performed upon a roving frame witli 
tho bobbin and flyer adjusted to give the extra 
degree of twist. 

For making rope yarn and (.’oarso twine an arrange- 
ment is made permitting higher speeds, but preserv- 
ing the same features of gill teeth to separate and 
smooth the fibres, rollers to attenuate the sliver, and a 
flyer revolving around the bobbin to insert the twist. 

Weaving Yarns. In preparing linen yam for 
weaving, the warps an> dressed with starch com- 
position, usually at tho time that they are being 
^amed. Mixtures of flour, farina, or Irish moss, 
with or without tallow, oil, glycerine, and zinc 
chloride, are laid on by a revolving brush and dried 
by steam heat and fan currents. Plain cloths aro 
woven upon substantially built calico looms of 
tho Lancashire type, with tappet motions to 


control the shedding. A great number of jacquards, 
many of them of largo capacity and attached to 
very wide looms, aro at work in the linen table- 
cloth trade ; and for weaving smaller patterns uso 
is made of the dohby. 

Jute LrOoms. Juto looms arc of exceptionally 
heavy construction, with shuttles necessarily large 
because of the thickness of the weft. Tho standard 
jute cloth is 40 inches wiile, but niucli greater widths 
have to be woven for the oili loth and linoleum 
trade. As tho weaves arc of the simplest patterns, 
tapjK't looms are almost universally in use. 

As jute is an especially friable tihn', the w'arps are 
dressed with flour or mixturt'S of flour, tallow' or 
lard oil, and alum, and dried by ymssing btdwoen 
sleam-heated cylinders. An increasing amount of 
dyed jute fabiics is produced for making articles 
like school-bags, coat s! iireiiings, awnings, and wall- 
coverings, but the gnniti'r jiart of jute piece goods 
are finished simply by welting and calendering. 
In ealtMidcring tl.c cloth is thu'aded through a serie s 
of howls, or large rollers, of which alternate otu's 
arc boated by steam. The heat and heavy jiressuie 
flatten the yarn, close the interstices, and produce a 
polish, or lustre, upon tlic face of the cloth. 

Jute sacks can he woven as a tubular fabric, and 
be cut into lengths and sewn, or ns a double fabric 
joined at one side but not at the otlu'r, so that after 
cutting the sides remain to bo sewn, and tho sel- 
vedges form the mouth of the sack. Again, sacks 
are cut from the piece several thicknesses of cloth 
at once, by means of a eylindrieal cutting machine. 

Moisture and Strength. Tho bast flbrivs 
are somewhat hygroscopic, and by internationnl 
agreimient, arrived at in 1875, a rajain of 12 per emit, 
of moisture wars assigned to flax and hemp, and a 
regain of lli| jier cent, to jute. That is to say, that 
the standanl of moisture allows for this recovery of 
weight after the matmials have heiui rctliiced to 
absolute dryni'ss by continued heating at a tem- 
perature of 221-280'’ P. 

The yarns and fabrics arc stroilgcr when nioi.st 
than when dry, so that the percentage of moistiin* 
affects tests made to dedermino tho tensile strength. 
Canvas is bonglit by Government and otlier au- 
thorities under contract c)f strength, and hence tl:e 
degree of moisture has* importance. Kxperimcnls 
made in tho Manchester Testing House upon strijis 
of ilnx canvas under different atmi>s])horie con- 
ditions showed that the same canvas that u])on om* 
day would bu*ak under a strain of 599 Ih. would on 
a nioro humid day stand a strain Up to 729 lb. 
The experiments were made under a range of 
relative atmospheric humidities rising from 44 to 
82 per cent. 

Whi’.o in principle tl.e manufacture of flax, 
hemp, and jute is issontially the same, there are 
extreme differences in tl;e thoroiighi.css with which 
tho woik is carried out and in tho calibre of tin? 
fibres used for the several purposes. Fine flax is 
capable of being sjmn by hand to the fineness of 
gossamer, and specimens containing 22S,0(J0 yards 
per pound have been produced.' A fineness of 
1)4,000 yards per poumf is the usual cornmorcial 
limit, but yam can be sjmn by machine to more 
than twice this length, as is sometimes dime for 
exceptional purposes. On tho oihm* land, juto 
wefts for cotton bagging are oft^'ii tho thickness of 
a lead pencil, and arc sold in the state in which they 
leave tho roving frame. The contrast is extreme, 
and is not lessened by rcnienil ering that the cost of a 
fine linen tablecloth may bo more than that of tho 
silver and cutlery that are laid upon it in preparation 
for tho meal. J. A. HUNTKR 
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How the Surface of the Earth’s Crust is Moulded by 
the Agencies of Wind, Rain, and Underground Water. 

THE SHAPING OF THE LAND 

W B have now seen how the rocks have been That these sandhills are entirely due to wind- 
solidified from their original liquid con- drift is clear from the ripple marks which are 
dition in the great subterranean laboratory, observable on blown sand, and from the general 
We have next to embark upon the larger, and, sliapc of the sandhills themselves. £i the 
in some ways, more interesting, consideration int(;rior of the Asiatic and African continents 
of how they have been chang^ and moulded are found vast tracts of sandy desert, in which 
on the surface of the earth. The present the wind has undoubtedly been the main agent 
condition of the world, wdth its mountain ranges in spreading the detritus of the original rocks 
and river valleys, its broad seas and fertile over vast areas. In the desert of Gobi many 
plains, is mainly duo to the work of the agencies ancient cities have been buried deep beneath the 
to which we shall how proceed to give attention, steady and inexorable march of the wind-driven 
[See also page 287.] sand. The great desert of the Sahara is believed 

The following table presents, in a convenient to owcj its present extent and nature largely, if 
form for reference, the epigene, or exiperficial not entirely, to the action of the wind. 
forces which have thus modified our planet : Blood-rain. The transporting action of 

1. Aerial Forces : {a) Wind, (h) w^eather, wind sometimes covers an almost incredible area, 

(c) changes of temperature. The well-known phenomenon of blood-rain is a 

2. Aqueous Forces : (a) Rain, hail, and snow, case in point. The sand of the African desert 
(6) underground water, (c) running water, (</) is raised into the upper regions of the air by 
the sea, (c) ice. local winds, and tluTo meets with the strong 

3. Obqanio Forces: (a) Plants, (b) animals, and persistent aerial currents which cary it 
(c) man. away for scores or hundreds of miles. It is 

Those agencies are very simple and natural often known to reach the countries on the 
forces, with which wo are all perfectly familiar. northern side of the Mediterranean, where its 
They are the forces, in short, of air, water, and prestmee is indicated by the fall of rain-showers 
ii/e. It is one or other of these three forces to tinged to a deep red colour by this desert sand, 
which is due the change of the earth from a and popularly called blood-rain. The sand of 
barren and fire-swept globe of volcanic rock, the Sahara is said to have been detected as far 
upon which no kind of life was possible, to the away as Boulogne ; and in 1901 it was estimated 
hospitable and wonderfully fertile planet which that a vast quantity of sand was transported by 
we now inhabit. wind from Algeria as far as Russia. 

The Atmosphere. We shall first con- Loess. A remarkable deposit, known as 

sider the geological work of the atmosphere. We loess, which is found in many parts of Northern 
are accustomed to think of the air as a yielding China, covering considerable tracts of ground to 
And impalpable substance, so that it is not easy a thickness of one or two thousand feet, is 
to realise at first the immense quantity of work believed to bo entirely a wind formation. It is 
which it has done in modifying the face of the a yellowish clay, or loam, and consists chiefly 
earth. Wo know, however, that air, invisible of hydrated silicate of alumina. It contains 
and subtle as it is, when put into rapid motion, numerous organic remains, which are mainly cf 
is capable of very destructive effects. The terrestrial origin. 

destruction of human property which is occasion- This loess forms an extremely fertile soil, and 
ally caused by a cyclone or tornado on land, and plays an important part in the agriculture of 
the wrecks which strew our shores after every China. It is found filling river valleyB and 
storm, alike bear witness to that. The geo- high up among the hills, in such a position that 
logical effects of wind, which is simply air in it is practically impossible to suppose that its 
motion, have thus to be reckoned with. site was once inundated by water, and that it 

The WorK of Wind. Wo can readily see ww deposited in the form of what we call alluvial 

that one of the most important of these effects is which it resembles in other characters. It 

the transportation of moMef from one plaoe to ^ almost certain that the loess is the consolidated 
another. The tendency of other natural forces dust once drifted by the wind from the great 
is to wear down the rocks into fine dust or sand, plains of Central Asia, which has gradually 
The wind is capable of transporting this fine Hardened and accumulated into these vast 
material for long distances, and not infrequently ^ad deep deposits. 

heaps it into great masses. Mort of the sand Transport of Life by Wind. The 

dunes which line the seashore in so many wind is also capable of transporting the minuter 
parts of the world are simply wind-drifts, whicn forms of life from plaoe to place. Th^ tiny 
have been pinned down and preserved in a organisms, which are no larger than ordinary 
more or less durable form by the growth of wiry grains of sand, are carried on the wings of the 
grasses and other kinds of vegetation. wind for vast distanoes, and find new homes for 
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themselves when at last they descend to the 
earth. In this way similar forms of life are 
found occupying districts very widely separated. 
There are also well-authenticated instances of 
the trans{)ort by wind of larger organisms than 
mere seeds or spores. Sometimes a whirlwind 
or tornado has been known to carry fish in its 
embrace for many miles, though the showers of 
frtigs, of which we hear every spring in the 
country, arc generally to bo received with 
considerable scepticism. 

Atmospheric Erosion. The atmosphere 
not only transports soil from place to 

another, and thus modifies the nature? and 
contour of the earth’s surface : it also has a 
considerable effect in breaking down the. hard 
rocks into dust suitable for such transporl. 
These destructive effects are partly chemical 
and partly mecJmiicaL In the first place, 
rocks are subject everywhere to the operation 
known as weathering. This is a process of dis- 
integration due to the common meteorological 
agencies. Water in vari- 
ous states is the chief 
in efficiency among 
these. But the air itself 
is accountable for a good 
deal of rock d (^struct ion. 

The changes oj tem- 
perature w h i e h a r e 
constantly occurring 
have a very important 
effect upon the rocks 
which are subjected to 
them, more especially 
in tropical countries, 
where the daily range of 
temperature between 
noon and midnight may 
be as much as 100 . 

It is a matter of common 
knowledge that most 
solid bodies expand when 
'heated and contract 
when cookxl. Thus, 
railway engineers never 
lay two rails absolutely touching one another 
at their ends, but leave room for expansion 
under the midday sun *of summer, otherwise 
they would bulge out of truth. In the case of 
natural rocks, where no allowance of this kind 
has been made by the constructor, the rapid 
expansion and contraction which alternate with 
changes in atmospheric heat frequently cause 
them to split and throw off fragments. These 
fragments disintegrate in the same way, and, 
ultimately, large masses of rock are thus broken 
down into more or less fine dust, which is blown 
away by the wind. The effect of this atmo- 
spheric disintegration is chiefly scon in the arid 
plajlns of the great tropical continents, where 
there is practically no water present to resist 
or complicate the process. 

" Erodisig Action of Sand-laden 
Wind, ^ere is another way in which wind 
aote powerfully to break down rocks. Where 
there is alr^y present sand or fine detritus, 
which tiiq irfnd can take up and cany along, 
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we have to reckon with the abrading effects of 
this dust upon Ihc rocks against which it is 
driven. The wind thus charged becomes, in 
fact, a kind of sand-blast, such as is used by 
glassw'orkers to etch names and figures on their 
urares. A powerful wind, driving gusts of sand 
before it, is capable of doing a wonderful amount 
of work in this way. It htis been estimated that 
a sheet of plate-glass which once formed a 
window in an American lighthouse was so 
affected by a wind laden with sand in the course 
of 48 hours that it was ground completely 
opaque, and had to be removi‘d. In the deserts 
of Libya or Wyoming rocks and monuments are 
found to have a clmraett'rislic polish or glaze, 
which is duo to the constant, sand-blast to which 
they have been exposed in evc'iy high wind. The 
deeply pitted marks on the face of the Egyptian 
Sphinx are similarly due to the abrading 
effects of the sand-laden wind of the desert. 

The WorR of Water. The surface of 
the land has been \oxy largely moulded by the 
great circulatory system 
of water, which plays 
so large a part in our 
lives. The atmospheric 
wafer, in the form of 
rain, hail, and snow ; the 
f.(‘rr(*strial wat(?r, in the 
form of rivers, waterfalls, 
springs, and lakes ; and 
the marine water, which 
forms the oceans ,* be- 
sides the frozen water 
which fills the? Alpine 
valleys and covers the 
Arctic plains with vast 
glaciers — all play a groat 
part in the moulding of 
the surface of the land. 

Atmospheric 
Water. Let us first 
consider atmospheric 
water. There are throe 
states in which water is 
known to exist upon the 
earth. It may be solid, like ice, snow, or hail ; 
liquid, gaseous, as water vapour, or steam. It 
depends merely on temperature and pressure 
which of these three forms it takes. There is a 
vast circulatory system always at work, under 
the influence of the sun, by which water i)assc*s 
from the great reservoirs of the oceans into the 
form of water- vapour suspended in the atmo- 
sphere, falls then upon the surface of the land 
as rain or snow, and then, in the form of rivers 
or glaciers, makes its way back to the sea, thus 
completing the cycle. It is in the course of 
these processes that the geological work of 
altering the surface of the land is vejry largely 
done. This work is partly chemical, done by 
the solvent action of water, and j^artly mechanical, 
done by the movements of the water and the 
BoUd matter it carries. 

Rain. Rain is absolutely pure water, 
having been distilled by the sun, when it first 

g iases back into liquid form in the upper air. 
at as it falls through the air it absorbs a 
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Cvjitain amount of impurities. Among the most 
important for our purpose is carbonic acid gas 
((^O.j). Rain also dissolves a small amount of 
oxygon in its passage^/ through the atmosphere, 
and it frequently picks up other impurities, 
esi>eeially in the neighbourhood of manufactur- 
ing districts, such as nitric acid, sulphuric acid, 
and organic matter. When the rain falls upon 
the ground one of two things happens: either 
it is absorbed, if the surface bo permeable, or it 
trickles along the surface in the direction of the 
most rapid slope. In the fdrmer case it becomes* 
what is known as underground water ; in the 
second covso it feeds the incipient rwers. It is' 
the rwri which is absorbed into the rocks which 
is chiefly responsible for their chemical change, 
while the rain which flows off into rivers per- 
forms the greater part of the mechanical, or 
erosive action of waU^r. 

Weathering. The chemical action of 
rain is mainly responsible for the weathering of 
rocks. This tisiially signifies a disintegration 
of the surface dut; to a chemical decomposition. 
Some of the hardest rocks arc most liable to 
weathering. Thus, granite frc(|uchtly decom- 
pos ‘s into clay, while the softer liim^stone k<icps 
a hard surface. Water, by itself, is powerless to 
affect a large numbiu* of rocks, though a few — 
such as rock-salt — arc distinctly soluble in it. 
Rut watt^r containing oxygon and carbonic acid 
gas, as is the case with rain which has fallen a 
long way through tlic atmosphere, atds upon 
a very large numlu^r of rocks, l^imestoncs, for 
instance, are rapidly dissolved by wat<'r which 
contains carbonic acid gas, and are thus gra<lu- 
ally worn away, or pitted and drilled, by the 
action of rain. This is why the mortar of 
houses rcfiuiros periodical renewing on the sur- 
face, or pointing, and why the inscription on a 
marble monument generally has becomes illegible 
after 40 or 50 years. The wonderful <uiverns 
in the limestone districts of Derbyshire and 
Kentucky have all been carved out by flic 
solvent action of water containing carbonic 
acid gas. 

Oxidation and Reduction. Rain- 
water generally contains a small quantity of 
oxygen dissolved in it, and this oxygen is able 
to unite with oth(;r elements and form oxides 
in a much more vigorous ffishion than the : 
free oxygen in the air. [See Chemistry.] 
This process of oxidation is what is popu- 
larly known as rusting, and the red or 
yellow crust which is so commonly seen on 
rocks over which rain has trickled is its 
product. On the other hand, rain which 
contains organic matter acts as a reducing 
agent ; it decomposes oxid('s and takes away 
part of their oxygen, owing to the affinity of 
that gas for carbon. This is the cause of 
the white spots or veins so common in red 
sandstone, whore the colouring matter of 
ferric oxide has been reduced by the presence 
of some organic matter which is greedy fdr 
oxygen. . , . ^ 

The great class of atlicat^y which form so 
large a part, as wo have seen, of the rocks which 
compose the crust of the earth, are readily 
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decomposed by rainwater contaiifing carbonic 
acid gas. They break down into clay of one 
kind or another, and in this way granites which 
have long been exposed to the action of rain 
are found to have disintegrated or crumbled 
away for a considerable depth from the surface. 
There are countless varieties of weathering or 
meteoric change in rocks, de|)cnding on thoir 
chemical composition and the nature of the 
impurities in the water which has run over them. 

RocK Sculpture. The weathering of rocks 
not only alters their composition and hardness, 
hut also has v’^cry marked elTec.ts upon the general 
appearance of thoir masses. No .rock is ab- 
solutely homogeneous ; some parts of it . are 
harder than others, some are more readily 
dissolved or broken, down than others. Con- 
sequently, after the process of weathering has 
gone on for a considc^rable time, the rock is 
found to have been (carved into quite a .diiferent 
sliapc from that it originally possessed. . The* 
sofIfT parts have been oaten away, and the 
harder ones are l(‘ft standing up in pinnacles 
or projecting as boulders. Some rocks, like 
basalt, weather in a scries of crusts like those of 
an onion, until after a long while the whole mass 
looks like an aecuiuulation of cannon balls. 
Granite often weatJiers into largo slabs, which 
produces the clTect of a wall of masonry. In 
the (*eve.nnes and the Hartz Mountains, the 
weathering of dolomitt? and limestone produces 
masses of stone which look like mined castles. 
Tile tors of Dartmoor are a familiar example of 
the forms produced by tlie weathering of granite. 
A char«iet(M‘istio example of the result of rook 
weathering is shown in 41. 

Formation of Soil. To us the great 
importance of the weathering of rooks consists in 
the fact that it is frpm their decomposed 
materials that soil, or earth, is mostly formed. 
The soil originally is simply the weathered, 
decomposed, and loosened surfaces of the rock 
over which it lies. There is usually an inter- 
mediate stage known as subsoil [42], which con-, 
sists of larger broken or loosened fragments of 
the rock, and which pa8Si5S upwards into the 
soil which supports vegetation, and downward 
into the solid rock. Its nature varies according 
to the rock from which it has been derived. 



42. DIAGRAM SHOWING FORM OF SURFACE EARTH 


For a full consideration of the nature of various 
soils the reader must consult the course on 
Agriculture. It is enough to say bore that 
all soils practically consist of sand or clay^ or a 
mixture of these Wo main substanoes in various 
proportions. A fairly equal mixture of sand 
and clay is known as loam^ and affords the best 
soil for agricultural purposes. >XtiS| of course, the 
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addition of organic substances to this soil which 
chiefly helps to make it fertile. Bui the actual 
(existence of soil over the whole habitable surface 
of the earth is due to the weathering, or d()com- 
position, of the primitive rocks by the agencies 
of air, water, and other meteorological forces. 

. Erosion by Rain. Tn addition to the 
chemical action of rain, it also has a mechanical, 
or erosive f action upon the earth. We can 
readily see of what nature this action is if avo 
go back to tho habits of childhood and m iko 
a mud pie. Lot us go into the garden and iu^ap 
up a roughly conical mound a couple of feet or 
so in height ; then take a watering-can or hos3 
and sprinkle- it with water. Under tho minia- 
ture rain shower, which runs down all sides of 
our mound in little streams, we shall see that 
the lo083r and m')re soluble portions of earth 
are washed away and the s!d3s of the mound are 
furrowed in all d'rectfons by miniature river 
valleys and stream lines, between which tho 
stones and harder portions of tho earth remain 
standing up. If the rain goes on long enough, 
o£e after another of these stones will be under- 
mined and roll down tho slope, until ultimately, 
if w go on watering long enough, the whole 
eonieaf hill will be washed down into a low 
m5>9md, -of whicjlthe greater part is spread over 
;lhe suirroumltDg earth. 


Fantastic Effects of Rain'. This 
simple experiment is a very good object Icssoii 
in the. wecfianical work of rain. Wherever it 
falls faster than it can sink into the ground, 
it runs down tho nearest slope and carries with 
it a certain amount of soil, selecting, of course, 
the softest and least resisting parts, and leaving 
the harder projecting from the ground. Thus, 
the hillside, though tho tendency of rain is 
steadily to lower it down to the general level of 
the earth, is usually scoured into more or less 
irregular forms. If the rainfall Ls considerable, 
and the inequalities in the texture of the ground 
are great, we shall find well-marked torrent- 
beds which arc like stony, sunken paths in dry 
weather, and become gushing streams in the 
wet season. Tiiis is a very common feature on 
our British hills. Sometimes, as in the valley 
of the Tyrol, tho stony clay is cut by the rain 
into actual pillars, which are left standing up 
because each of them happens to bo protected 
by a huge boulder, which diverts the rain from 
the ground immeaiately below it. In otluu* 
parts, where the soil is all pretty much of tlie 
same texture, tho whole of a vast stratum may 
be washed away, leaving only a few relics to tel) 
tho geologist that it once existed. It is these 
inequalities in the erosive action of rain, depend- 
ing upon tho heterogeneity of tho soil on which 
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it falls, that have carved our hillsides and 
mountain slopes into so many fantastic, wild and 
beautiful forms [43l, besides giving us the greater 
portion of the soil which smiles with harvest. 

fiail. Snow, and Frost. The other forms 
of atmospheric water — and snoiOy dew and 
Jwarfrost — call for little notice from the geologist. 
The effects of melting snow are practically the 
same as those of rain, j'xccpt that when a large 
deposit of snow melts rapidly it, of eoursc, gives 
birth to more considerable torrents than an 
ordinary rainfall can i)roduce. The work of 
snow-fed glaciers, which is oru' of the most 
important factors in geological historj% is 
separately considered in a later chapter. 

Underground Water. Wo have seen 
that rain falling on the ground either sinker into 
the surface or runs off. Which of thcs2 events 
happens depends on the relative pernieahility 
of tlio surface of the ground and the heaviness 
of tha rainfall. If the rain fall on a surface 
like granite or a street pavement, it all runs off 
and joins a river or a gutter, ff it fall f)n a 
surface as permeable as loose sand or ordinary 

grass- 
laiid, it 
nearly all 
soaks in ; 
and, of 
course, 
every in- 
t c r m e- 
d i a t 6 
stage is 
found to 

44. DIAOBAM SHOWING WATER SPRINGS 

Nature. 



wuth a wet or dry season. A well is simply a 
hole dug into the earth below this line, so that 
the water trickles down into it and keeps it full 
up to the water level. An artesian well [46] is'a 
well sunk tlirough an impervious surface bed, 
such as clay, down to a porous stratum which 
lies beneath it. Tt often happens that this 
porous stratum slopes down from the surface of 
the earth at a considerable distance away, and 
its cMchine.nt area may be higher than the point at 
w’hich the well is sunk. If this be the case, when 
the well reaches the porous stratum the water 
w'ill gush up to fhe surface, and even rise in a 
fountain under this liydrostatic pressure, just 
as a garden hose will throw a jet considerably 
abpve the level of its tap. 

Hot Springs from the Earth’s Kitchen 
Boiler. Many springs emit hot water, which 
in volcanic districts may even be boiling. 
They are found in our own country, which 
is far from any volcanic centre, as at Bath, 
with a temperature as high as BiO"' F. Tlieso have 
clearly risen from a great d(‘pth, where the 
waU^r has boon heated by its proximity to the 
earth’s kitchen l)()iler. They are natural artesian 
wells [45], in which the (low of tlu' water is due to 
the fact that its (‘hannel eornmunieates with some 
catchment area at a higliev level than where the 
spring comes to the surface — that of Batli is 
possibly on tlie (.'otswoki TTills. I’he common 
distinction hctwcMUi deep-seated and surface 
springs is merely one of di^gree, deptmding on 
whether the water emerges by a simple descent 
through the suhterranc'an strata — r.</., from the 
top of a hill to the valley— or is forc(id up by 
hydrostatic pressure through a natural syphon. 
Nor is the distinction between constant and 


We shall first consider the rain wliich soaks 
into the earth and forms undergrouml water. 

Springs. The law of gravity causes rain to 
go on descending by its oAvn weight as far as it 
can. Sooner or later, as a rule, it will roach the 
limit of permcabh? strata and bring uji against 
the underlying stratum of impermeable rock. 
If this bed lie on a sIoik*, as is usually the cas j, 
the water runs down this slope, forming, so to 
speak, an underground river, though it mu.st not 
be supposed that it is usually so well defined 
as a surface river ; it is rather a great mass of 
saturated sand or gravel, like a sponge full of 
water. If this underground reservoir, as wo 


intermittent springs of any great importance, 
exc(5pt to those who got their water from them. 

Mineral Springs. * All spring wat(u% 
however clear and pure it may appear, contains 
various impurities in solution. Tnese consist of 
dissolved gases and .nincrals, derived from the 
rocks through which it has passed. When the 
water has di^scendcd low enough to be con- 
siderably heated, its solvent powers are, of 
course, increased. Mineral springs are so called 
when they contain a marked amount of minerals 
in solution. Thus wc have petrifying springs, the 
w^aters of whicth contain so much calcium car- 
bonate as to deposit it in a white crust on the 


may call it, find an opening to the 

surface* of the earth at a lower level 

than that of its own surface, the water 

will there emerge as a spring [44], which 

will flow steadily so long os the level 

of the water in tlio underground 

reservoir does not fall below the point 

at which the spring emerges. If, in a 

season of drought, no rain fall to keep 45. DiAGRAii/ 

the underground reservoir full, and the 

water ultimately fall below the level of the subt 

spring, the water will cease to flow, until a new com 

rainfall again fills up the reservoir. In all dis8< 

countries where there is a regular rainfall the aid< 

permeable rocks are found to be saturated with reac 

water below a line known as the water level, eva] 

which is fairly constant^ but rises or falls slightly com 




46. DIAGRAM SHOWING THE CAUSES OF ARTESIAN WELLS 

the substances over which they flow. They are 
new common in limestone districts, where they 
1 all dissolve the limestone underground with the 
I the aid of carbonic acid gas, and deposit it when they 
with reach the surface, and. the carbonic sbcid gas 
level, evaporates. Chalybeate springs contain iron 
j^tly compounds, chiefly in tlie form of various 
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sulphates. Brine springs are impregnated with 
salt* derived from beds of rock salt in the earth 
beneath. There are various kinds of medicinal 
springs, which may be alkaline* as at Vichy; 
bitter, as at Kissingen; salt, as at Wiesbaden; 
limy, os at Bath ; or sulplmrous. like the 
well-known “ rotten-egg ” water of Harrogate. 
These are often warm, or thermal, springs. 

Underground Caverns. The chemieal 
action of underground water consists mainly 
in dissolving tlic various substances which are 
then brought up to the surface by springs. It is 
obvious that if this considerable amount of 
material is brought up from beneath tlio earth's 
surface — some limestone springs have built up 
actual hills— there must be a vacant space left 
where it was removed. Thus we find that con- 
siderable subterranean caverns and' tunnels are 
formed by the solvent action of underground 
water. This is particularly noticeable in lime- 
stone districts* where vast systems of caves have 
been hollowed out during the lapse of ages. The 
caverns of the Peak in Derbyshire and the 
Mammoth Cave in Kentucky are famous in- 
stances. Not infrequently the roofs of these 
underground caverns collapse when they come 
too near the surface, and landslips, or subsidences 
of the ground, must take place without warning. 
The meres of Cheshire chiefly occupy places 
where the land has subsided in consequence 
of the^^washing out of the underlying beds of 
totik sdit. Borne earthquakes are probably due 
to the shook caused by the falling in of the roofs 
of the deep caverns. 


Landslips. Underground water has not 
only a chemical, but also a mcclianical act ion. 1 1 
acts as an erosive, no lo.ss than as a solvent. This 
is especially the case where water runs through 
a porous stratum sloping under a mountain or 
hill. The material of this stratum is. gradually 
washed away, until it bccon>.^s unable to support 
the overlying strata. The ultimate eonseqiienco 
is a landslip. A great part of the English coast 
is marked by the remains of such landslips, 
w'hich fonn a picturesque feature* known as 
the underclifj [461. A large ))art of the town of 
Sandgato was dt^stroyed by such a landslip in 
1893. Landslips in mountainous and rainy 
countries are often fai more destructive than 
any that we experience. The traveller by the 
St. Gothard Railway still notices the huge scar on 
the side of the Rossberg which marks the place 
where the whole side of that mountain slipped 
into the, valley after the rainy season of 1806, 
burying four villages with their inhabitants. 
The percolating water in such cases not only 
weakens the strata through which it flows, but 
also ac'.ts as a lubricant, and thus a great mass 
of rock begins to slide when its weight finally 
overcomes the power of cohesion. Destruc- 
tive landslips are not uncommon in India, 
and about 160 have been recorded in Switzer- 
land. In Ireland wo occtisionally hear of 
a similar phenomenon, known as a hog-slide, 
when the whole surface of a bog, or peat- 
moss, becomes so saturated with water that 
it breaks down its moorings and flows bodily 
downhiU. W. E. GARRETT FISHER 
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Casting from Complicated Patterns. Cored Work. Loose Pieces. 

Rapping. Taper. Cores. Core and Drop Prints. Shrinkage. 

PATTERNS AND CASTINGS 


the last article wo selected cast objects of 
* forms BO plain that there was nothing to 
complicate the delivery of their patterns 
from the moxilds. That is, there were no por- 
tions overhanging in the lower parts of the 
moulds, with overlying sand that could inter- 
fere with the ready withdrawal of the patterns. 
Eveiy thing was tapered downwards, and only 
one sand joint wai required between the top 
and bottom portions of the moulds. But siieh 
timplc examples only constitute a small portion 
of the moulder’s work. So now wo take up 
some illustrations of castings in whic'h a good 
many problems not so simple arc involved.. 

Flanged Castings. The tigiires from 
20 to 26 show castings and methods which have 
resemblances and differences. In castings 21 
and 23 there are flanges, one of which, if fast 
in the bottom of the mould, would prevent 
delivery of the pattern from the sand. In each 
there are central bosses ; in each there are 
alternatives that are practical. Wo will dispose 
of the bosses first, because only a few remarks 
thereon are necessary. 

The difference between those in 20 and 23 ^ 
is that the space for sand loft between the bosses 
and the inside edges of the rims is very small 
in 20, but ample in 23. It would ho difficult to 
lift the sand out of the narrow zone in the former 
but easy to do so in the latter. The top 
portion of the boss in 20, therefore, must bo 
attached loosely to the plate of the pattern 21, 
in this case with a central stud, to come into the 
sand of the top, and bo withdrawn after turning 
Dvor. But it is not necessary to do so in 24, 
although it is often done as shown, in order to 
avoid risks of a breakdown of the sand. Note 
may also be made of the large amount of taper 
given both to the bosses and to the internal 
portions of the rim in 21, with a view to easy 
delivery, though it happens also to coincide with 
the best form for strength. 

Joints. With regard to the delivery of the 
lower flanges, it is necessary in 20 that the mould 
should part along a— o, so that the lower flange 
can ho taken out after the removal of the top 
mould and pattern. In that case, the annular 
tread (b) must be fitted loosely in segments round 
the body of the pattern 21, to bo left behind on 
the withdrawal of the latter, and to be pulled 
inwards subsequently in a horizontal direction. 
Or, leaving the projecting portion (6) loose might 
bo avoided by jointing the pattern along the 
plane c — c [20]. In that case both flanges 
would have to be left loose, and sand joints 
mado along the planes a — a and d — d. The 
only objection to this is the making of an extra 
land joint. 


The pattern 21 has its bottom flange (A) as a 
loose ring. The belt (?>) is fitted in short lengths; 
and retained with skewers loosely. The method 
of building up shown is that adopted in work 
of this class, to which reference is made in 
the next section. The mould in 22 comprises 
now not only a top and bottom, but a middle 
part, requiring a moulding box in throe cor- 
responding sections. 

Alternatives in Joints. In 23 the 

sand joints required are two, along the planes 
a — a a — a. To produce these the pattern 
[24] is differently jointed, cither along h — h, 
through the middle, or along one face of the 
plated centre, one half of the sheave being 
then fitted as a ring, as shown. This may lie 
a wooden pattern, in which case it is built 
in segments similarly to 21. Or, as is often done 
for repetitive work, an iron or brass pattern is 
made with wooden bosses, interehangcablo by 
means of their cenf ral studs. This is the pattern 
showTi by way of alU^rnative in 24. Another 
alternative is to core the rim out, using an 
annular print \ hut that method is rarely adopted, 
except in the case of wheels that have recesses 
for chain, and not always then, cores being 
generally reserved for wdiecls of largo diameter. 
The device is also employed when broken 
castings have to be moulded from, in which 
case a segmental print is rammed round the 
casting in the mould in successive positions 
until the circle of the print impression is 
completed. 

Fig. 25 gives a section through the cored 
mould, with the two joints at a — a, leaving a 
middle ring of sand. 

Three»part Joints. Fig. 26 illustraten 
a bevel wheel and a spur pinihn cast together, 
and both double-flanged. Such an example can- 
not be drawm from the mould unless there are 
three joints in the sand, at a, 6, and c respectively. 
It IS a job for a three-part box, not four, as might 
bo imagined, because the thickness from a to 6 
IS mado in segmental cores, which involves less 
trouble than using a shallow moulding-hox for 
the purpose of jointing. For convenience, the 
pattern in 27 is mado with a greater number of 
joints than the mould, the object of which is to 
give perfect facilities for ramming, and al%o for 
ready delivery of the pattern parts, with the 
minimum of risk of tearing up the sand. The 
section of the pattern in 27, by comparison with 
the casting in 26 and the mould in 28, renders 
the nature of the work apparent. We have loose 
pieces again in the shroudings for the tepth, and 
in the separation of the pinion from the Ifhvel 
wheel. 
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Cored Work. Fig. 29 is an example of a 
different kind from the foregoing, illus' rating 
cored woik in which the main core is completely 
enclosed within the body of the casting. 

The roller in this figure is moulded, not as it 
runs, but flatwise, with its plane faces in top and 
bottom ; not that it could not be moulded edgewise p 
but because the flat position renders the insertion 
of the cores easier. The pattern in 80 is built 
up in segments, the top and bottom sets (aa) 
covering the entire faces, the middle ones (b) 
being narrower and annular. The prints (a) 
will be noted as corresponding with the holes in 
29. There is only one joint in the mould, that 
at c— c [31]. 

The main core for 29 is made in a box, rammed 
in core sand and dried. Generally, though not 
always, the shaft holes are made in cores distinct 
from the body core, as shown in the mould in 31. 
The small holes seen in the end X3laf cs in 29 and 
31 are inserted simply to provide oixmings 
through which th<^ core and core irons can be 
withdrawn after casting. When these arc not 
inserted the work of the fettler is increased 
unnecessarily. In 31 the core is seen to be built 
roimd a skeleton of rings of iron rod. 

Drum with Swept«up Core. The 
drum casting in 32 is moulded as it runs, with 
its cylindrical axis horizontally, differing in 
method, therefore, from 29. One reason for f his 
difference is that the flanges on the drum may 
“ lift ” from the sand without being left loosely, 
while the roller [29] has no flanges, but a good 
coning, which makes the flat way of moulding 
the obvious one. The pattern is shown in 33, 
in half external view, and half section, a — a 
being its joint, corresponding with the mould 
joint. It affords an example of a method of 
construction termed lagging up^ of which more 
later. The flanges, with boss, facings, and prints, 
are turned separately from trio lagged body, and 
screwed on its ends. 

Fig. 34 is a section through the mould. The 
core in 34 is swept on a bar — using “ hay ropes ” 
and loam — around skeleton core plates, the 
loam being in a plastic state, the whole mass 
being dried subsequently before insertion in the 
mould. When thus swept up, the cores for tho 
shaft holes are swept up also on tho bar, and the 
bar is stiff enough to sustain the weight of the 
core when laid horizontally in the mould. When 
a core is made in a box, as for 31, it is not so well 
able to sustain its weiglit as when a bar is used. 

The engine crosshcad in 35 may be moulded 
in the manner shown [38], or flatwise. The choice 
is so evenly balanced that orossheads are com- 
monly made either way. The pattern with its 
prints is shown in 36, the core box in 37, and the 
finished mould in 88. Observations on the rela- 
tions of tho parts would be superfluous. 

Engine Cylinders. These are more 
elaborated in the cores than in the moulds. 
Every different design of cylinder presents a 
distinct set of problems, which has to be tackled 
irrespective of other types, A comparatively 
plain example is given in cross-section only [89], 
being one for a particular type of steam crane. 
Fig. 40 is its pattbm, 41 its mould ; moulding 
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as shown. J oints are made in the mould at a — a, 
b — 6, and c — c ; but only a and c coincide with the 
joints of the moulding box, the spaces between 
b and a being taken out by means of “ false 
cores ” or “ drawbacks.” There are thus six 
cores in this example [41], the main one (A) for 
the bore, the two false cores (B, B), two passage 
cores that do not come in this view, and one 
exhaust core (C), through which the sections are 
taken. Tho pattern for this [40] has to be 
jointed along a — a and d — d ; while the feet bver 
which the false cores are rammed are loosely 
attached to the cylinder body with screws, to be 
left behind in the mould until the false cores are 
lifted, after the delivery of the corresponding half 
of the pattern body, to which they are attached 
loosely. 

Methods of Delivery. These examples 
afford a good selection of typical cases of mould- 
ing, and we shall occupy some space with further 
elucidation of some important matters that have 
been only touched on in passing. Wc have 
spoken of tho necessity for making provision 
for getting patterns out of their moulds. This 
involves not only the jointings shown, but the 
fitting of loose pieces, and of drawbacks. 

Loose Pieces. It is obvious that the mere 
vertical direction of withdrawal docs not cover 
the case of patti^rns having portions standing out 
perpendicularly to those faces, or at angles 
therewith. Several examples of this kind occur 
in the figures preceding, in which loo.se pieces are 
fitt-ed. This form signifies that pieces which 
cannot be drawn out with the main portion of 
the pattern without tearing up the sand mould 
that overlies them arc attached loosely, being* 
left behind to 1x5 withdrawn subsequently to the 
main portion. These loost5 pieces arc fitted in 
many ways, by sketvers, or wires^ or loose nails — 
i.e., nails that are not driven entirely in, but 
partly only, and so hold temporarily, and also by 
dovetails. The one essential is that tlu5 loose 
pieces shall bo maintained in their exact location 
during ramming, which is the function of tho 
skewers, nails, or dovetails. The moulder has 
to withdraw skewers or nails, when sufficient 
sand has been rammed round the loose pieces, to 
secure them in relation to the main pattern, 
but dovetails free themselves in the act of lifting. 

Often loose pieces are held temporarily with 
dowels. A common lathe-bed, shown in section^ 
[42], will, with previous examples, illustrate* 
typical methods of this kind. 

A lathe-bed of the section in 42 may be made 
to mould in throe ways eijually well, as shown 
in 43 to 45, which give sections thrdbgh the 
patterns. In 43 the bed faces are doweled on tho 
bottoms of the ribs, in 44 they are wired at tho 
sides, in 45 the outer pieces are wired, and tho 
interior cored out, for which a print is provided. 

A drawback [4156] — the false core of the brass- 
founder — is a little mould within a mould, and 
fulfils a, similar function to the loose pieces — 
that is, it carries sand that overlies projecting 
portions of patterns. It is adopted as an alterna- 
tive, but is also more generally employed when 
loose pieces would not be suitable, on account 
of the great width of overhang. 





Crosahead casting 36. Pattern for No. 35 37. Core-box for No. 85 38. Mould for No. 35 39. Cylinder casting in 
bjon 40. Section through pattern of No. 39 41. Section through moiihl of No. SO 42. I4ithe-bed in section 

45. Alternative methods of making pattern for No. 42 46. Diagram to illustrate taper 47. Taper in a loose piece 

Drop or pocket-print 49. Core in impression of drop or pocket-prints 60. Drop-priuts superimposed 61. Single- 
print thickness for two holes 62. Core-box for ditto 
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Rapping* Tho delivery of patterns, as their 
withdrawal from' the sand is termed, is aocom- 
plishod by the assistance of raTpping, for tho 
purpose of loosening the pattern from its sur- 
rounding sand. It is effected by inserting a 
pointed iron bar in the top of the pattern, or 
in a hole in a special form of plate attached to 
the pattern, and then striking tho bar in lateral 
directions. The pattern being thus loosened^ is 
lifted with a screw, and during the process 
rapping is continued with a wooden mallet on 
the pattern face to detach it more effectually 
from tho sand. 

A result of rapping is that tho mould becomes 
slightly enlarged, and in tho hands of careless 
moulders this often results in inaccurate castings 
and in badly broken moulds. It is in this work 
of withdrawal that the moulding machines give 
superior results to handwork, because tho lift 
is absolutely perpendicular, and the rapping 
required is nearly nil ; or it is often avoided 
altogether by drawing the pattern through a 
X^lato, having a hole cut to tho same outlines 
as that of the pattern, and which holds tho sand 
down, hence termed a stripping plate. 

Taper. Wo have said little yet about an 
important matter to which slight allusion 
has been made, though it is illustrated in nearly 
every preceding drawing — that of toper, draught, 
or strip, as it is variously called. 

The way in which taper assists tho delivery 
of a pattern is clear from 46, in which tho with- 
drawal of a quite parallel piece is contrasted with 
that of a tapered piece. 

Tho parallel piece A, though drawn halfway 
out of the mould, as at B, is still as tightly con- 
fined by the sand as at first. The tapered piece 
C, on tho contrary, similarly withdrawn, 1), is 
entirely clear of the sand, and requires no effort 
to withdraw it through tho remainder of the 
way. In B the sand will assuredly become 
fractured along the course of the dotted lines ; 
while at D no fracture worth mentioning, 
pro^bly none at all, will occur. 

BVen though there is taper in a pattern, tho 
pressure and friction of tlie sand against tho 
deep faces is so great that they could not bo 
withdrawn without fracture of tho sand unless 
tho patterns were slightly loo 80 ];ied first by 
shaking or rapping them. 

Amount of Taper. With regard to 
the amount of taper required no rules can be 
given. It is a matter for judgment, to be decided 
in the case of each individual piece of work. 
Still, some idea can be given of its amount. 

If a rib like 46 be 1 ft. deep, tho taper will 
usually range from ^ in. to } in. That is, the 
'wood 'will bo from in. to J in. thinner at bottom 
than at top. If a rib were 2 ft. deep, the taper 
would range from J in. to J in. If 6 in. deep only, 
from hi. to ^ in. would bo given. If 3 in. deep, 
^ in. would suffice ; if 1 in. deep, the removal 
ox a mere shaving would be sufficient. 

Again, take the case oi a loose rib which has 
to be withdrawn* as A m 47, into the space B 
of the mould, with the pricker O held in a diagonal 
direction. In such cases taj^r much in excess of 
that given to vertical ribs is imparted, because 


^he withdrawal is an awkward task, and if the 
sand breaks at the dotted line, as it is likely to 
do, it is difficult and troublesome to mend it 
up. 

When the top portion of the sand of a mould 
has to be lifted off a pattern, the amount of 
taper required is greater than when the pattern 
is lifted from the sand. 

Corea. The formation of hollow spaces is 
the function of “cores,” using the term in its 
broadest sense. Parenthetically, we may note 
that the term core strictly relates to something 
made apart from the mould, and inserted 
subsequently. It is usually dried, but not 
invariably ; if not, it is often termed a green 
sand cere. If a picc^ that fulfils the function of 
a core be rammed in the mould, it is termed a 
false core, or drauiback. 

The methods of making cores are broadly 
divisible under three heads. Since any internal 
body of sand, as distinguished from external 
portions, is a core, the first method is that in 
which internal portions are delivered from tho 
pattern, or self-delivery. But in the greater 
number of eases tho core is rammed in a box 
separate and distinct from the pattern. The 
box encloses its sand, and, therefore, as in pat- 
terns, provision must be made for the removal of 
the cotvi from its box without sustaining damage. 
Hence most boxes arc divided in one or more 
pianos, and tho same devices of taper and loose 
pieces must be embodied in many boxes, as in 
patterns when identical conditions of delivery 
arise. Examples of boxes are given in 37 and 52. 

Loam Cores. The third great class of 
cores comprises that in which sweeping up 
in wot loam is adopted, as in 34. It is 
applicable to heavy circular work, and to 
strickled work. The object often is to save 
the expense of making a largo core box, but 
there are many cases in massive work in which a 
core rammed in sand would not be practicable. 
The loam is plastic, and is swept on a skeleton 
built upon a revolving core bar, and afterwards 
dried. In strickled work loam is still swept 
around a skoleton-like framing, but instead of 
a revolving bar, a guide iron, or the edge of a 
core plate becomes the guide to the movements 
of the strickle. 

Core Prints. As a core has to bo mode 
separately from its mould, it is usually neces- 
sary to make provision to ensure its oxadt 
setting in the mould. This is the function of 
core prirUs, the forms of which are varied 
to suit the direction in which the core has 
to be inserted, its mass, or area, and other 
conditions. Core prints are put in top and 
bottom of patterns and moulds, or at the sides. 
In the latter position they often take the form 
of pock^, or drop prints, to avoid having to 
make a sand joint down to the centre of the 
rint. Then the upper part of the drop print is 
Ued up with sand after the insertion of the 
core, or the core box is made of such a shape that 
the core shall fill it up, or stop Uadf off. Numerous 
examples of cores set vertically are given in the 
prececUng figures of core prints, but some further 
remarks are desirable relating to those in tV 
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horizontal position, wliich aro carried in drop 
or pocket prints. 

Drop Prints. Take the caso of the laggcd- 
up cylinder pattern, shown in section 48, with 
holes to bo cored through the bolt bosses (A A) 
skewered on the inside of the foot, the drop 
prints being shown at B B. Looking at a section 
through one-half of the mould [49], a core ( B) is 
made, and dropped into the mould. This core 
cannot Ihj made of the full length (a) over print 
and boss, and dropped doAvn into the mould 
through the narrowtu* width (b). To put a pocket 
print on the same side as the boss would give 
trouble, which is avoided by making the prints 
B B [48] sufficiently thick to more than counter- 
balance the weight of their cores, 'rbcii, rmiking 
the core B only of the length b in 49, it is 'dropped 
d-jwn into position, and tlien slid along to toucli 
the face of the boss, as shown, a(t(‘.rwards filling 
up the space c with sand to keep it from shifting. 

Not infrequently it happens that two or more 
holes are required horizontally in a plate, one 
above another, as in 60, which represents a 
pattern in side and end elevation, with the 
pocket prints for coring out the holes, the prsi- 
tions for which in the casting are indicated by 
dotted lines at a a. In such case's the prints are 
cither superimposed (A B) or a single print is 
used, as in 51, and a special core box made. 

Wl^en two prints superimposed are used the 
outer one should be made a little thicker than 
the one which goes next the pattern, to afford 
sufficient guidance for the top core, which has 
to pass across a greater distance than the bottom 
core. This is indicated in 60. 

Fig. 62 shows a core box in plan, and opened 
in the joint face, for coring both holes with a 
single print. 

Distinction Between Cores and 
Bosses. A natural question is, how is the 
moulder able to distinguish these core prints, 
which are not parts to bo cast, from bosses, 
which have to be ? Mistakes have often 
occurred in this way. Thus, a moulder not 
recognising the function of a roller in the pattern 
of 16, mijpit cast the prints a on if a core box 
were not sent him. He could not make such 
an erroi' in 30, having a core box, 37. Frequently 
in large patterns, bosses and prints aro numerous 
and look alike, and it is not usual to send boxes 
for plain cores. Error is prevented in shops 
where a good system exists by varnishing 
or painting prints differently from the body of 
the pattern. Generally, clear yellow shellae 
varnish is used for the patterns, and black for 
the core prints. This is often carried a stage 
further. Fattems for brass are distinguished 
from those for iron by varnishing the bodies 
black and the prints yellow. 

It is often necessary to make moulds with 
certain portions lowermost, to ensure sound, 
clean metal in surfaces which have to be 
planed, or otherwise machined bright. Such 
laces are painted red, or other distinctive 
colour. The lathe-bed [42] is a case in point. 
These are always cast upside down, as indicated 


in 43 to 45. Hero the loose pieces render the 
method obvious. But oftem there is no distinc- 
tive feature of this kind to guide tho moulder, 
hence the advantage of colouring red. 

ShrinKage. One other matter calls for 
consideration here. All tho common metals and 
alloys shrink as they cool down from tlu^ molten 
8taU\ Unless the mould \v(.to madi^ larger than 
the required dimtmsions of the easting when 
cold, tho latter would bo too small. So that all 
patterns aro made of larger tlimensions than 
their eastings by this amount, and this, again, 
varies in quantity in iron, stec^l, brass, giin-inotal, 
aluminium, and not only in the different metals, 
but in metal of tho same name in difftu-ent com- 
positions, and under diverse conditions of easting. 

Tho following table embodies averages for the 
common metals and alloys : 

SllRINKACJKS OP CaSTINUS, 

Cast iron, average J in. in 15 in. ; light (tastings, 
J in. in Iff in. ; heavy and mottled, J in. per 
12 in. ; work mainly cored, J in. per 12 in., or less. 

Malleable cast iron, in to \ in. ix^r 12 in. 

Bronzes and brasses, ^ in. to ] in. [x^r 12 in., 
depending on composition and on mass. 

Steels, i in. to J in. in 12 in. Heavy castings 
shrink most, light ones It^ast. 

Aluminium, J in. in 12 in. 

Copper, |5v 'n. in 12 in. 

Lead, in. to in. in 12 in., depending on 
its degree of purity. 

Tin, J in. in 12 in. 

Patterns for Different Metals. A 

question that arises not infrequently in 
most 8hop< is this: Castings are wanted off 
tho same patterns at different times in iron 
and in steel ; and in tho smaller pinions, also 
in gun- metal or phosphor-bronze. As tho 
shrinkage of these varies, tho foreman who has 
to give orders for each in turn has to attempt 
to reconcile tho irreconcilable. The difficulties 
have to bo got over by these methods. 

For standard work, where correct pitch 
diameters must be maintained, separate pattern < 
must bo made for cast iron and stecil. But 
tho latter will servo also for gun-metal and 
phosphor-bronze. In very small pinions not 
exceeding, say, 6 in. in diameter, the diffenmee 
in shrinkage may be neglected, but over that 
size it becomes very marked. In fact, a heavy, 
solid pinion of 10 or 12 in. diameter will show 
a higher rate of shrinkage than a larger wlund 
with arras. For large steel wheels the moulding- 
machine offers advantages over pattern-mouldi‘d 
gears, especially when gears are shrouded. 

An advantage of making a separate pattern, 
or a special set of pattern parts for matjhino 
moulding for steel, is that the sections can be 
lessened, steel being stronger than iron. 

When exact centres are not important, then 
these steel wheels can bo cast from patterns 
made for iron, and though the difference in 
diameter may amount to several eighths of an 
inch in a wheel of fair size, yet tho pitch will be 
practically unaffected. 

JOSEPH G. HORNER 
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Spanish : Impersonal and other 
Plural of Nouns, Conjunctions. 

SPANISH 

Impersonal Verbs. Impersonal verbs are 
those which can only be conjugated in the third 
person singular of each tense, such as tronar, to 
thunder ; nevar, to snow. 

T ranslation of there is." The various 
tenses of the form “ there is ” arc rendered 
by the third person of haber, with thci single 
exception of the present indicative, which is 
translated by My instead of ha. The student 
must bear in mind that haber, being in this case 
an impersonal verb, cannot be conjugated in 
the plural. 

Thus “there is’* and “there are” are both 
rendered by hay ; “ there was ” and “ there were ” 
by Mbiat and so on. As, however, haber thus con- 
jugated only implies existence, whenever “ there 
is ” or “ there are ” expresses the place whore per- 
sons or things are, alii esUi, olli esldn must be used 
instead of My, — alii esfd mi Ubro, there is my book. 

When “ any,” “ some ” or “ none,” used in 
connection with any tense of the impersonal 
form of “ be,” refer to a previous noun, those 
words are generally rendered by lo, la, los, las, 
according to the gender and number of that 
noun. — bebere vino espanol si h hay, I shall 
drink Spanish wine if there is some. 

“To be cold, hot, sunny, windy,” and so on 
arc translated by Mcer jHo, calor, sol, viento, 
and so on. — Jmee dermsiado calor, it is too hot ; 
Mcia viento, it was windy. The j){i8t definite, 
future, and conditional of hacer are irregular, 
the third person singular of these tenses being 
hizo, Mrd, Mria. 

Ago ” is rendered by hcLce, — Mce Ires semanas, 
three weeks ago. 

“ To be necessary ” may be translated cither 
by^ ser necesario, ser menester, ser preciso, or by 
the impersonal verb Mber que. — para aprender 
un idioma extranjero My que (or es preciso, 
menester, mcesario) estndiar mnehisimo, in order 
to learn a foreign language it is necessary to 
study very much. 

••Must'* and ••Ought.' The defective 
auxiliary “ must ” may bo rendered cither by 
deber, tener que, or Mber dc, — debo (iengo que or 
he de) terminarlo hoy, I must finish it today. 

“ Ought ” is translated by the conditional 
tense of deber, — deberia cambiarlo, he ought to 
exchange it. 

Exercise XXXV 

the people la gente the deck la cubierta 

free libre cabin camarote 

to hail granizar often d menudo 

seldom raramenie splendid esplendido 

to dawn ammoeer almanac almanaque 

umbrella paroqms to drizzle Ihmznar 

FRENCH, GERMAN, SPA 
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Verbs* German: Strong Verbs. 

French: Imperfect Indicative. 

By Jos6 Pla Cdrcelea, B.A. 

in time d tiempo fog niebla 

reply respuesia fault culpa 

gold oro affair asunio 

^fe seguro to grow dark anochecer 

it looks like rain parece que vd d llover 

it does not matter no imporla 

summer holidays vacaciones de verano 

all the same de iodos modes 

on the forc-deck d prog 

of coureo naturalmente 

to rise (the sun, the moon) salir (el sol, la luna) 

1. There are many reasons to (trs. para) 
suppose that. 2. There were too many people 
on (the) dock. X Is there anybody in that 
cabin ? 4. I think so, but there are several 
free on the foredeck. X There is no time to 
(trs. qne) lose. G. There will be more the day 
after tomorrow. 7. It only rained tlie two first 
evenings. 8. Does it hail often in your country ? 
9- Very seldom ; the last time that it hailed was 
five years ago. 10. Yesteiday was (hizo) a 
splendid day. II. At what time docs it dawn 
now ? 12. According to the almanac, the sun 

rises at a quarter to six. l.*l. In winter it grows 
dark earlier than in summer. The days arc 
very short. 14. It is too hot in this room ; 
please open that window. 15. With pleasure, 

‘ but it will bo too cold. 10. It does not matter. 
I thank you very much, all the same. 17. 
Please lend me an umbrella. It looks like rain. 
18. I think it is drizzling already. 19. Was it 
sunny during your sufnmer holidays ? 20. On 

the contrary, we had fog almost every day. 
21. There is your friend’s motor-car, 22. It 
will be necessary to explain it to him again. 
23. He must have forgotten it. 24. I saw him 
two weeks ago. 25. We must wait for his reply 
to (trs. para) see whose (trs. de quien) fault it is. 
26. They ought to pay us in gold. 27. Do you 
not think I ought to put the atfair in (the) hands 
of my lawyer ? 28. Of course. It would be 
much safer for you. 

Construction required by •• guatar ** 
and *• faltar," There are some Spanish verbs 
Vikegustar, “ to like ” or “ to please,’^ faltar, “ to 
want ” or “ to be in want of,” peaar, “ to bo sorry,*’ 
and a few others, which require a constniotion of 
the phrase absolutely different from that which is 
used in English. In sentences of this kind the 
person, who in English is the subject, becomes 
the object, while this latter becomes, in a manner, 
the subject, of the Spanish verb. Thus, for 
instance, “ 1 like that .book ” must be rendered 
by aquel lihro me gu^ (lit., that book pleases 
me) ; “ he wants time ” by le /alia tiempo .(lit., 
time is wanting to him) ; and “ I am sony to 
have written ip him ” by me pesa haberle eacHto,\, 

NISH. ENGLISH 
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“How,” used in questions formed w»th the 
verb “ to like,” is always omitted in Spanish, 
and the present participle*, which sometimes re- 
presents the object of the sentence, must be 
translated by the iniinitive.— Le gusta d VtL 
viajar ? How do you like travelling ? 

Hacer falta is very frequently employed in- 
stead of f altar, — me hare falta otro empleatlo, 

1 want another clerk. 

Present Participle and Preposition. 

A present participle immediately preceded by a 
preposition n.ust be rendered in Spanish by the 
infinitive. — despuefi de haher eomprado el hillcte, 
after having bought the ticket; nin pronuaciar 
una palabra, without littering a word. 

•• So ” and “ Very.*’ The words so " and 
“very” are translated by tan and mmj in front 
of adjectives, adv(»rbs, and past participles pre- 
ceded by set and ealar, but they are rend(‘rcd by 
ta7ito and macho wlnmever they qualify a noun 
or a verb.- no Cbtoy ian canmfo como Vd.^ 1 am 
not so tired as you ; no Jiace tan to fr to como ai/cr, 
it is not so cold as yesterday. 

“ Veiy much ” must be rt'iidercd by much mi mo 
and “ so much ” by fanto, 

Kky to Kxicmnsi: XXX Ilf 

1. Sc alcgro do v(*rme. 2. Kspero quo sc 
divorliran Vds. ;i. Sc acostaron tan taifle porqiie 
tuvieron quo aguardar a sii [»adrc. 4. Xo nos 
S(‘ntamos durante toda la nocb<*. 5. i Soria tan 
facil (‘quivocarse ! b. No se molcstc Vd. 7. El 
cajero sc enfada mucho cuando nos equivocamos. 
8. B^jense Vd. onfrente del Palacio Beal. 9. 
Pronto se cansur4n si andan tan dc prisa. 10. Xo 
nos dcspertdbamos basta las sieti* y media. II. 

I ( Veo Vd. quo se rct iranl del ncgocio cl ano qiu* 
vicnc ? 12. CVeo quo sc retirara si su hija sc casa 
con su socio. 13. Decidasc^ Vd. 14. Me r(*sfri<'i vn 
la playa. 15. Se baho Vd. ? Ki. No, no s6 nadar. 
17. Nos establcceriainos (jcrca del Mercado 
( Vntral. 18. Sc aproveebaron del gran aumenlo 
i*n la dmnanda para subir los pi\*cios. 19. Sc 
alababa demasiado. 20. Tuve qiu* despediriiK* 
de tedos mis amigos. 21. Se reirian. 22. Nos 
riegamos A aceptar sus condiciones. 23. Domic 
piicdo lavarme ? 24. Sc parcc^' 4 un amigo niio. 
2.5. Los soldados se alojaron on las casas dc la 
aldca. 26. Nos rnudamos 4 esta casa algunos 
ilias despui^s. 

Key to Exercise XXXIV 
1 . vSe cree que son m4s dc diez. 2. Se comento 
la notieia. .3. Sc compran, se venden y sc cambian 
libros dc segunda mano. 4. i Se ha bla inghjs " 
alii? 5. (*rco que no, pero se habla francos en 
todas partes. 6. No se admiten ]icrros. 7. S(* 
suplica el silcncio. 8. Se viaja m4s en la actuali- 
dad. 9. El viaje so hacia cntonce.s 4 eaballo. Se 
tardaban vcinto 6 treinta dias. 10. i (Juanto so 
tarda de aqiu 4 Barcelona ? IL So tarda n dia y 
medio por tierra y siete u ocho dlas por mar. 12. 
So prosta dinero. 13. El resultado de la votaci6n 
no se sabo todavia. 14. Se vende en todas partes. 
'16. Se gastan dos millones al aflo en obras 
(u^iblicas. 16. Se continuard la semana que viene. 
n. Sc desea un taquigrafo espanol. 18. Se 
(jrohibe fumar. 19. i Se oambia dinero espanol 
en el hotel ? 20* Creo que si^ 21. Se alquila un 


piso amueblado. 22. i Como so pronuncia esta 
palabra ? 23. La ultima vocal so su prime. 24. 
Esc solar se vende 4 bajo procio. 25, i A quo 
hora se servira la eiuia ? 26. A las siete en punto. 
27. Aqui se despachan billetes. 28. So cobran 
ahiuileres. 29. Se bacen traj(*s 4 medida. 30. Se 
compom*!! baules. ,‘11. Vt'ase la p4gina ciciito seis. 
32. Solicit eso por carta. .‘J3. Pidasc la list a do 
proeios. 

* He AD iNO Exercise 

101 ('anal dc I’anam4 tciulra seis esehisas 
dobles : tri^s pares cn Catun ; un par en IVdro 
Miguel, eon un dcscenso d«* trt‘inta pies y un 
tiTcio : y tins par(‘s en Mirailores, eon un desnivel 
(‘ombinado do cincMienta. y cuatro pies y dos 
tercios a marca media. Las dimensiones utili- 
zables do todas son iguales : mil pies de largo y 
ciento diez pies d(* anchura. Cada esclusa s<‘ra 
una c4inara cerrada con las paredes y el piso 
de horinigon y dos corn[)U(*rtas en i‘»:da ( xtn'ino. 
Las parcdcs lateralcs scran de euarcnta y cinco 
4 cincuenta ])ics de ancho en la bast*, cstrcchan- 
doso desdc los veinticuatro pies y un tcrcio 
(‘iicima del fondo, hasta t(*ncr ocho pics do 
aneho cn su coronacion. La pan‘d central t(‘iHlr4 
sesenta pics dc grucso y och(‘nla- y un jiics do 
altura aproxirnndamentt^, y sus dos jiaramentos 
scran verticalcs. A los euarcnta y dos pics y 
im tcrcio sobre la superlieit* del j)iso y quince 
sobre cl arco dc la atarjea central (*sa pared se 
dividir4 en dos partes, quedamlo un esjiacio 
en el Centro, seinejantc 4 la I(‘tra “ U.” Eji este 
espaeio central ha bra nn tiiiu*! dividido en tres 
pisos 6 corredores. La. gahuia mas baja servir4 
para el desagiie ; on la clel tu'Utro se instalar4n 
los alarnbr(*s ( onducton s dela eorrientt' eletttrica, 
quo ha dt* liac(‘r funcionar las compuortas y 
las v4Ivulu.s coloeadas t‘n el miiro central ; la 
galena alta Hervir4 dopnsadizoparaloso])eravi()s. 

Translation of Hkadinu Exercise 

The l^inama Canal will havi^ six duplicati* 
lotiks : three pairs at (jlatnn ; one pair at INdru 
Miguel, with a fall of 30 J feet : and two pairs at 
Miratlores, with a combined dewent of 54^ feel 
from mean water-level. 'J’he working dim(*nsion.’> 
of all are equal to a 1000 f(;et in length and 
1 10 feet in width. Kiich lock will be an enclosed 
s|)acc, with sides and floor of ci'incnt, and 
])rovided with two llood-gat-t^s at each end. 
Tin* side walls will bo 45 to 50 feet thick at the 
base, narrowing from a jioint 24;\ feet above 
the floor until they are 8 feet thick at the summit. 
The central wall will be 60 feet thick, approxi- 
mately 81 feet high, and its two sides will h(? 
vertical. At 42 J feet above the surface of tlie 
floor, and 15 feet above th(^ arch of the central 
sewer, this wall will be divided into two parts, 
leaving a space in the centre resembling the 
letter “ U.” In this central space there will 
be a tunnel divided into thico storeys or 
corridors. The lowest gallery will serve? as a 
drain; in the middle one the wires for conduct- 
ing the electric current to he used in operating 
the flood-gates and valv(‘s placed in the central 
wall will be installed; the upper gallery will 
be used as a passage-way for the mechanics. 

Continued 


2629 



«tROUP 31— OKRMAN 


GERMAN 


By P. G. Konody and' Dr. Osten 


XLpIIr Strong Verbs. The following Those verbs which are made prominent in. 
strong verbs change the stem -vowel -ci- into print are conjugated with fHn, all others 
-i- or -ic- in the^jniperfect and past jjarticiple. with ^aten. 


Infinitive 

Present Tense 

Imperfect 

Impera- 

Past 

^ 

I., 11., III. singular 

Indicative | Conjunctive 

TIVE 

Participle 


beflcl'fen 

to bestow pains 

ici^ bcjicijj-c, -eft, -t 

! 

icb bepig 

id) bepiffc 

bepeip(e) 

bepiffen 

bcipen 

ujicn a thing, to 
apply one’s self to 
to bite 

ici^ bctf-c, -eft, -t 

id) btp 

icb biffe 

beip 

grtiifeu . 

t leiben 

to remain 

i(b b(eib*e, -ft, -t 

id) blieb 

id) blicbe 

bicib(c) 

c 3 eblieben 

ctblei'c^en* 

to die, to turn 
pale 

to thrive 

crbleid?-e, -ft, -t 

id) erblid)' 

id) erblicbe 

erb(cid)(e) 

erblicben 

g e b e 1 '1; e tt 

i(b gebeib-e, -ft, -t 

id) gebief) 

icb flcbiebe 

iiebeib(e) 

gebicben 

t^lcicf^en 

to e(][ual 

t(i 9lfic^-e, -ft, -t 

i(b ^Itd) 

iib Qlicbe 

gltid)(f) 

geglid)en 

1 c i t e tt 

to slide, glide 

icb Qleit-e, -eft, -ct 

i(b c^litt 

ii> ipitte 

^lelt(e) 

(tei^litten 

iireifon. 

to seize, catch, 
lay liold on 
to janch 

id) gtcif-f, -ft, -t 

id; fltiff 

id; griff* 

grcif(t) 

gegtiifen 

erj^rcifcn 

fncifcu 

i(b fneif-e, -ft, -t 

icb huff 

icb hiip'e 

fneif(e) 

iiefitiffeu 

Icibcn 

to suffer 

id) leit-e, -eft, -ct 

id) lift 

icb line 

(eibe 

flcHtten 

(ril)cu 

to lend 

id) leil)-c, -ft, -t 

id) licb 

id) Hebe 

leib(f) 

iiclicbeu 

mciben 

to shun 

id) iitcib-c, -eft, -et 

id) micb 

icb Rtiebc 

meibe 

ipuiicbcn 

Vfcifni 

to whistle 

id) vfeif-e, -ft, -t 

vnff 

id) Vfiffe 

V'ftiffi-) 

gci'fiffen 

preiffii 

to praise 

id) VfeM'-e» ’(ft* -t 

id) vrictJ 

id) vtiojc 

vveu’(f) 


rcibeii 

to rub 

teib-e, -ft, -t 

id) rich 

Id) riebe 

rcib(e) 

ipriebeii 

reipen 

to tear 

i(^ reig-c, -eft, -t 

id) tip 

id) riffe 

reip(c) 

ejeriffen 

t Client 

to ride 

i(b rcit-e, -eft, -ct 

icb ntt 

id) rftte 

reit(e) 

gcritten 

f c^ei ben 

to dcfMirt 

i^ fd)cit-e, -eft, -et 

id) fd)icb 

i^ febiebe 

fd)cibe 

Qcfd)icbett 

fd)eiucu 

to shine, seem 

id) fd)eiii-e, -ft, -t 

id) fd)icu 

id) fdiieue 

1 fd)ein(e) 

ipfebienen 

f d) ( c t d) e n 

to sneak, crawl 
to sharpen, grind 

i4 fcbtci(b-c, -ft, -t 

icb Wicb 

icb fcblicbe 

fcbleict^(c) 

flefcbHd)en 

f^tiifent 

teb f(bhif-e, -ft, -t 

id) miff 

id) fd)liffe 

f(^[eif(e) 

9 efd)liffeu 

fd^neiben 

to cut 

i* f(bncib-f, -eft, -ct 

id) febnitt 

icb fd)nitte 

fcbneib(c) 

gefcbnitten 

fdjreiben 

to write 

i4 ftbreib-e, -ft, -t 

i(b febrieb 

itb ftbriebc • 

fcbreib(e) 

gefcbriebeii 

fcbrcien 

to shout 

i(b fcbt«-^ -fb -t 

icb fdiric 

icb fd)ricc 

fd)rei(c) 

gefcbriceii 

f d) r e i t e tt 

to stride 

id) fd)rcit-c, -eft, -et 

icb febritt 

1 id) fd)ritte 

fd)reit{c) 

Qefd)vittcn 

fd^u'fu^cn 

to keep silence 

i(b fd)R'euve, -ft, -t 

id) fd)unev3 

icb fdimiege 

fd)irc^(e) 

QcfcbivieQen 

|>ficn 

to spit, vomit 

id) fvci-c, -ft, -t 

id) fvie 

id) fpice 

fbci(c) 

ftefpieen 

fteii^en 

to ri.se, mount, 
a.scend 
to stroke 

icb ftci^-e, -ft, -t 

id) pie^ 

icb 

peid(e) 

gepiegeu 

flrcid;»en 

t<b jlrei(b-e, -ft, -t 

icb Pvitb 

icb Prid)e 

preiebie) 

flePricben 

flrcitcn 

to quarrel 

i(b flreit-c, -eft, et 

icb 

icb pritte 

preit(e) 

ftepritten 

treibm 

to drive, press 

i(b treib-e, -ft, -t 

icb 

i icb triebc 

tveib(e) 

Qctricben 

» e r b 1 « i 'd) e u 

to fade, to decease 

icbv«bleid)-e, -ft, -t 

i(b verblitb 

icb verbli^c 

verbleicb(e) 

verblicben 

vcr,ici'()cu 

to forgive 

icb »cr^cib-e, -ft, -t 

id) ver^ieb 

id) uerjiebe 

»erpib(e) 

Derpeben 

n> e i cb e n § 

to yield, give 

wav 

id) ireid)-e, -ft, -t 

icb trid) 

icb nnd)c 

n.>eiib(e) 

getricben 

U'cifen 

” * V 

tosliow, point out 

icb ireif-e, -eft, -t 

icb nne^ 

icb triefe 

weife 

flctt>iefen 

^ctbcn 

to accuse 

icb Ifib-f, -ft, -t 

id) peb 

i4 iieb« 

leib(e) 

^ieben 


1 ♦ To die : strong ; to turn pale : weak — examples : er and er crtlei^'te ; as transitive 

(to bleach) takes weak inflections : er fyat tie \5ein\t»anb gebleic^t, he has bleached the linen. 

t flleitcn is conjugated with fein and tjAten; the rules of the alternative conjugations will 
follow later. 

$ Sd^leifen in the sense of to trail, to pull along, and to demolish, is weak : bet SEBagen, bie 
J^eflung Wtttbe ^efc^^teift, the carriage was pulled aloi^, the fortress was pulled down ; but ; ba0 Slleffev 
U'Utbe ^efi^fiffen. the knife was sharpened, (^c^leifen in the sense of ** to skate/' or to dance*’ 
also takes weak inflections. 

§ ^trei'd^en, to soften, mollify, touch, is weak. 
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XLIII. Plural of Compound Nouns. 

As a rule the last word only of compound 
nouns takes the plural: bcv 91ad>t;3cf)ntettcrUni^ 
(sing,) tlio night-butterlly, tic 91aci'tiSd)mcttcrliitc^c 
(p/.); baili ^Bauermveib (sing.) the peasant- woman, 
tie 33aufrnti>eibcr (p/.). Several compound 
nouns contain .already in tlio singular words 
used in the plural : tic X i' it t c r f djulc 
(sinQy), the school for girls [daughters]; ber 
50 u d) e r u>utni, the bookworm ; bev ^0 i I b c v faal, 
the picture-gallery. The ])lural of those is formed 
in the usu.al way by changing the number of the 
last word ; bic Xed'tcvfdnilcn, etc. 

1. Several compounds with -SUlaun (man) form 

an irregular plural with -Veute (folk, people) : 
bet ^auvtmanu (sing.) the captain, bic i'^auvilcntc 
(pi,); ber .Haufntauu (sing^) the merchant, bif 
.ft'anflcute (pf.); bev i^ccnianu. the sjiilor, bie Scc- 
Icutc (also bic 'Scemauuev), etc. Others form the 
regular with -^Di'anitcv — examples : bet 

vStaatiMnaun, the statesman, bic m a nu e t ; bev 

(^3cU>ai)r0mami, the warrant-er, ‘surety, guarantee, 
Die ®cwal)te< in a u n c r ; bet (^ [ucniuaim, the man of 
honour, bic (^Ijvcn m ii n net, etc. 

2. Tlio applicat ion of the plural - 1 c a t c or 
- m d n u c t confers a different meaning to several 
words belonging to this class : Xicnftmdnner 
(pi.) messengers, and Xiciijl Ic ute (pi.) servants ; 

m d n n c r (pi.) husbands, ami C^bc 1 c n t c , 
hushatul and wife. The substantive bfv '0ancr, 
the poasiint, forms the regular plural bic JBaitcvii, 
and also the oomijound plural bic '0aucriffcutc, 
denoting peasants of both sexes. 

XLIV. Plural of Nouns of Measure. 

Substantives of measure, when used after 
cardinal numbers and in a collective sense, 
generally retain the form of the singular in the 
plural : fuufp^ ^.Ifiiub (sing.) fd)ir<r. fifty xioumls 
[heavy] of weight; ^tiid (sing.) Xud\ 

twenty pieces of cloth ; 16 fiauft (sing.) l)od', 
16 [“fists”] hands high; 4 (sing.) .HVijfcc, 
i bags of cofiee ; 100 3}lami (sing.) ©vwbe, 
100 men of the Guards ; fiinf Tsu^cub (sing.) 
Sebern, five dozen xiens, etc. 

1. The nouns of measure of feminine gender, 
ending in an unstressed -c, always form the 
plural by adding an -u: fiinf 5Uifi1>f-n (pi.) 
$0ci«, five bottles of wine ; ^c()n Sllcilc-n (pi.) U'cit, 
ten miles distant ; cid;t .Hiftc-ii ^nbii^'# eight boxes 
of indigo ; 50 Xcmic-u(p/.) (iifcii, 50 tons of iron ; 
bic SDlillioii (sing.) forms the plural bic 5!llH((ion-cu. 

2. Nouns indicating the measure of time 
always form their jjlural with an inflection : bvi^ 
Jtiub tfi fcd)iS 3nl)r-e, brei 9Jlonat-e uiib uicr Xa^vc 
aU, the child is six years, three months and four 
days old. 

XLV. Conjunctions. These serve either 
to co-ordinate or to subordinate clauses or words. 
In co-ordination the joined sentences ref^iin their 
full independence and their original weight, the 
structure of the sentences joined by tlie con- 
junction remaining unaltered. Conjunctions of 
this class are ; 

unb, and beffen uii'i^cad^tet, never- 

fottol^r aU, theless 

as well as yet 


aber, but; flnfrfcit:J . . . anbcrfciW, 

aliciu", blit, only on the one hand, 

o^bi’t, or on the other hand 

fcn'bcnt, bub bvivinn, bci>(uilb, therefore 

namlirf), namely 

Examples : Xic 3011110 fcfjciut, bic 0hniKU HiVfjcn 
u lib bic 0i\^cl the sun shines, the flowers 

bloom, and the birds sing, etc. 

The suhordituUive conjiim;tions connect twf> 
sentences, one r)f which is suhordinated to the 
other. The siihordinat e clause is not complete in 
itself, and has no sense if detached from the 
sentence on which it depends Conjunctions of 
this class are : 

bap- that ob, whether 

fo bap, so that n^cniii\lcid), oK^lcic^, 

ot)iic bap, without although 

auf bap, bamit, so that (tlciduolc, as 
aid, ba, loic, as, than iiad^bem, after 

tiiUMcfcni, infofcvii, bid, till, until 

in so far as cljc, bcoov, before 

ivabvcnb, whilst ivoil, because 

felt, since livnn, if, when 

ic uad'tciit, accoriling to falld, in case 
al j ob, as if, as though etc. 

1. The border-line which sc|)aratos con- 
junctions, adverbs, and firepositions is not vtuy 
distinct ; adverbs are often used as conjunctions, 
and conjunctions a« iirepositions- for instance : 
ivaljvfiib signifies “whilst” and “during.” 
Example : 'Kfiv ivattbcthn UnUpenb ber i)lad;f, we 
wanderi'd during the night ; and ber Xai^ irav 
fd i'll, U'alnciib bic '.Hadd vcipicvifd) ivar, the day was 
fine, whilst the night was rainy. 

2. 1^16 follow^ing interrogative pronouns are 
classed among the conjunctions if they are used 
to connect relative or suhovdinate clauses: 

In', where U'obci, whereat, at which 

iromif, wherewith ln'l)cr, whence 

li ^riii, in which, uvc'ljalb, wherefore 

wdiercin U'clpii, where to, wliitlie. 

li'ic, liow U'aini, when 

U'craiif, whereupon, U'aviim, why 

upon which U'cdii'fV|cn, wherefore 

Examples: X)lcd irav cd, ii'cvin ic^ bci'ftimmic. 
Tb was that, to which [whereto] I assented ; id) 
•Dcrffaiib iiidd, li'oianf cr au'fvichc, I did nut 
understand to what lie alluded 

3. If the conjunction introduces the sub 
ordinate clause the verb must be placed at the 
end ; in compound tenses the auxiliary vei l) 
occupies the last place : t^r fa^ tiiid), cf)e id) il)ii 
fal), he saw me before I saw him ; and cr fah 
nii(^, el)e id) i^n iifffl)cn l)att e , he saw me before 
I had seen him; cr fd)licf, aid iviv famcii, he 
slept when we came; and er fd)liff, aid U'iv 
gefemmen waren, he slept when wo had come. 

4. If the subordinate clause with the conjunc- 
tion is placed at the beginning of the complex 
sentence, the verb in the second sentence must 
precede the subject: C^^c cr mid) fal), ^iii^ (verb) 
Id) (subject) fort, before he saw me, 1 w-ent away ; 
aid fie ab'rcifle, »ar (verb) ti (subject) fd)on 
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MDifc], when she departed, it was already dark. 
If the same sentences are reversed, subject and 
verb resume their normal position in the prin- 
cipal sentence: gliia fort, el}e er faC)j eii^ nw 

fiiuMi bunfel, i\U fi< atrciftc. 

EXAMINA.TION PAPER 

1. Which vowels are taken in the imperfect 
and in the past participle by strong verba 
with the stem- vowel -ei-? 

2. Under what circumstances do certain verba 
in this group form a weak imperfect and 
past participle, and which are these verbs ? 

3. Which word of a compound substantive 
takes the plural, and which remains un- 
changed ? 

4. In wdiat circumstances do both words show 
the plural form ? 

5. How is the plural of compounds witli -iiuntn 
formed? 

6. Which nouns denoting measure do not take 
the plural, and which form the jdural with 
the usual inflections ? 

7. AVhich nouns of measure always take the 
inflectional -u in the plural ? 

8. How is the position of the verb influenced 
by a subordinative conjunction, introducing 
a subordinate clause ? 

9. How is the auxiliary verb in compound 
tenses placed in a subordinate clause in- 
troduced by the subordinative conjunction ? 

10. What rule has to be observed with regard 
to the position of subject and verb in clauses 
where the subordinative conjunction is 
j)laced at the beginning of the compound 
sentence ? 

Exercise 1. (a) Change the present tense 
of the verbs in the following sentences into the 
imperfect and perfect : 

3d) Hfibe bn vfcifft laut; ba^ 3Wabd)en 

I stay at home ; you w histle loudly ; the girl 
rvibt bic \x>it fc^rcibcu 33riff€; ba« Jtinb 

scrubs the floor : we write letters ; the child 
fd)wit cntfe^'lid) ; bie SOJanner fd^n^cigen ; 
is screaming terribly ; the men keep silence ; 
tvir flciftctt auf tm 5l3ev^; ic^ y?ev,^ci()c 3^nen; 
we ascend the mountain ; I forgive you ; 
ber J&irt treibt bad auf bTe Jlieibe; 

the shepherd turns the cattle out to graze ; 
ber iliiabe ircijl niir bcu ind CDcvf. 
ihe boy shows me the way to the village, 

(6) Change the imperfect and perfect of the 
following sentences into the present tense; 

3ch in bcu §lbfet; >t*c?^a(b bifl bu iiicbt 
I bit into the apple ; why did you not 
be i un^ ^ebtieben ? Huufticr cr^riff ba^ Suftrumcnf ; 

stay with us ? The artist seized the instrument ; 
ujir l^fatm grepe gclitten; ber Jtutfdjec 

we have suffered great pain(s) ; the coachman 
Vfiff elite SWelcbie; bc^ 3Jlabd)m cine Oiofe 
whistled a tune; the girl has pulled a rose 
Dcm S^cige geriffeu; bte @onnc fd^icn 
off the branch ,: the sun was shining brightly ; 
ber !0ett(er an her $9auer l^tn ; n>ad baben Sie 
the beggar crept idong waU ; what have you 
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ttiir geftbtieben ? ifeev 5Wann nub ble Sratt 
written to mo ? Tiie man and the woman 
jlvitteii beftig. 
quarrelled violently. 

Exercise 2. (a) Change the singular of the 
compound nouns and words agreeing with them 
in the following sentences into the plural, [The 
comf)ounds are indiwited by the sign 
'190 ift mein ‘iinten f>ip (n.)? fatm iiid^r 

Where is my inkstfind? I cannot 
meinen ^)aubrfd)ub (m.) finb:n. OJcbctt <Sie mir mein 
find my glove. Give me my 
'Xafd?cu4udi(n.). 4)ic aijcffcivtdngc (/.) ijl gebi*od)en; 
handkerchief. Tlio blade of the knife is broken; 
tic 'Itfaiien^fcbcr (/.) ift febbn ; bag Vlvm'baub (n.) 
the peacock-feather is beautiful ; the bracelet 
u\u- aiit^ (ydb; ber Supjbobcu (n.) war 

was of gold ; the floor was 

uiit ^l'iwd)cn bcicgt ; tao il9em gla^(w.) ijl teer; 
covered with car])ets ; the wine-glass is empty ; 
ber (^clb fcbnttcb (m.) bat fdkMie 
the gohlsmith has beautiful rings. 
wcld;cju <2toffc ift 3btf Jpah^rbinbe (/.)? 
Of what material is your necktie ? 

(^ebcu <^ic niir i^cfaUu\ft baci Dbil-uicffcr (w.). 

Pass the fruit-knife, if you please. 

(6) Change the idiiral of the compounds and 
words in agreement with them into the singular: 
5>if ^iiuviH'gcl (m.) pe()cu im 4>cibft uad; bc'iii 
The singing- birds migrate in the autumn to the 
vButen; bie fcibcncu fliegcu-fd)irmc (m.) finb.ui(^t fclji 
south ; the silken umbrellas arc not very 
biilibvU ; bie ^li^en lircr (».) ftnb gcfd)Wol(en ; teb fanfte 
durable ; the eyelids are swollen ; I bought 
finige (fvb;bccrcu (/.). ^Ih'bin fubun biefe 39alb; 
some strawberries. Whither lead these forcst- 
bfabf(m.)? 3d) bcfiUc j;ii>ci 2lUiiter;rcffc(w.). 
p;iths ? I possess tw^o [winter] overcoats. 

(c) Form the plural of the compound nouns 
and words agreeing with them in the following 
sentences. [Remember the rules concerning 
the plural of nouns with the indefinite article.] 

!Dcr Hauptmann (w.) femwanbirtc bic 
The captain commanded the troops ; 
ich fvuibtc bcu IDicuftmanu uad; §aufc; eiu .^aufmauu 
I sent the messenger home ; a merchant 
tmip red)iien fonnen; ein @taat^mami feflte 
must know how to calculate-: a statesman ought 
nid)i irven; ciu juugcr (Sb^wanu 

not to [err] make mistakes ; a young husband 
iff gewobulieb uad)gicbig. 
is generally indulgent. 

(d) Form the plural of the following nouns 
of measure, changing the cardinal nttneral one 
into ten : 

(Sin ?Pfuub .ffaffee, • ein S3uiib 
One pound of coffee, one bundle of straw, 
cin gap ?Pctrctcum, ein Clavier, 

one barrel of petroleum, 'bne quire of paper, 
ein 0acf eine glafcbe 9Bcm, 

one bag of rice, one bottle of wine, 
fin SSaflen SBcHe, eine Xennt .^cble,- 
- one bale of wool, one ton of coal, 
tine eine ^fuiibe, eine !D?file^ ^ 

one week, one hour, one mile, 
fin Shtbif^gttp eittt Jtifle Stufer. 

one cubic icHbt of timber^ . one case of sugar* 



Exebcisb 3. Reverse the following sub* 
ordinate clauses by putting the second clause 
in the first place (for instance: dx fa^ mic^, 
el^ er fettling, he saw me before he went away ; 
to be reversed: tt «t mi<^, before 

he went away, he saw me): 

aOtr ra«(^tett, nac^bem bie JDameii fid) gurud# 
^ejoften Ijattm; 

we smoked after the ladies had retired ; 
u>it fitttftett fort, toeit im« OHcmanb bic Xur opete; 
we went away because nobody opened the 
door for us; 

er rerfettranb, ete id) i^m ein 3Bort facjcit fomite; 
he disappeared before I could speak a word to him; 
bee ailei^eu U'ad)ft, U'cmi co genu^enb oift re^nrt; 
the wheat grows if it rains sufiVdenLly ; 
er frufl mict, cb ic^ i\«riic; cr ivuufdS>te 
he asked whether I was angry ; ho wished 
cbjurcifen, fall^ bao 'U^eitcr e^ jnlie^e; 
to depart in case the weather wotild allow it ; 

fcblic^ <il« er fam; fie faiu^ eiu !iJkb, 
I slept when lie came; she sang a song 

ba man fie bat, cd jju tun; ic^ get)c nic^t fort, 
since she was requested to do so ; I shall not go 
fctanc^c ^ic ed mir niebt pu^efa^t t)aben. 
until you have promised it to me (literally: I go 
not away as long as you have not promised it m^. 

Keys to Exercises (page 24941 

Exercise 1. Imperfect: 3d) naf>m ba« ®ftb; 
ber .^nabc jla^t cinen 3cfd)al) ? id) lad ein 

Slhtc^; U)v fal)t nid)td; gabcii <Si< md)tdf butterbarfl^ 
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etmad; trir Unufen beii SQciU ; bie bame f^raJ^ englifd) ; 
idj ag (S'rbbeerfn. dx m^afi ailed. 

Pluperfect : 3^ ^tte bad ®elb ^euommen ; ber Jbnabe 
f)atte einen 5lbfel ^e jlol)len ; ivad mar 9 ffd)cl)en ? ic^ 
l)atte ein ^elefen ; il)r l)attet nic^td i^efe()en ; ](>attftt 
®ie nid^td gty^eben i bu l^attefl etmad vcrbor^cn ; mit 
l^ajten ben Sbad gemorfm; bie ®ame ^attc englifd^ 
i\efvrod)cn ; id) l)atte (Tvbbe'eren iie^ciTen ; er t)at.e ailed 
veri^effeii. 

Exercise 2. I^ad Ihillfpiet ^at \>{cr Vlfte ; In ftlncn 
^raumen l)atte er feltfame ©efic^te; bie ikitter crl)obfn 
il)re Sd)ilbe ; ber fltid)tev brad)te bie 9lftcn; alle l)atrfn 
bleic^e C^efid)ter; bie @d)ilbcr uber ben ^abentuven 
maren ^emalt ; miericle iSanbe l)aben <3ie? Jf^ie 'iiianbet 
bed .^;>uted finb rot ; bie *4iancr ber '^i\ 3 el maven and 
CiJolb ; bie 35auern feiuien bad iiictter. 

Exekcise 3. ift biefci* .^^err ? Sad meinen 
<Sie ? 'ILteffeu .^ut ift bad ? vvbcrt biefed ? 

^i'eu fal)en '2ie ^cflorn ? 59eld>eiu ^.IJanne ftel)brt bad 
93oot ? 3lUl(be i)ame fennen Sie ? ’iilcldje itinber 
follen eingelaben merben? 'Iliad fur ein (^iaitjienbev 
(Bbifler’er ijl! 29eld)ed febone .H'tnb fai)en (^ie? 
®eld)’ fd)ihted Jlinb! 'iiJad fur l*cute finb jle? 3liad 
fuv ©etrdnfe beftelltcn ? 'iiiad fiir eine jrau mar cd ? 

Exercise 4. ^icdfeitd ber ailauer, innerbalb bed 
©attend, ftaub tin SDIann inmitten ber 'iHiefe. 3ufol^e 
eined '^eritbted (or: eincm i)3crid>te pifoli^c) mar ber 
Seinb i^efioben. :lrob meincr ’il'antmti^en hmacb er 
mit ibm; urn bed .&lmmeld milieu! 3Dieiiiein .^anfe 
gei^enuber mobnt ein 0d;rieiber frit eincm 3abre ; t(b 
dffnete mittelfl eined ©cbliineld bie .Ture. (Seit 3brer 
Vicreife fal) id) ibn nid)i inehr. 


I FRENCH 


By Louis A. Barb4, B.A. 


IMPERFECT INDICATIVE TENSE 

The endings of the imperfect of tlie indicative 
are the same in all verba. They are -ais, -nt?, 
•ait, -ions, -iez, -aient. This tense is used to 
express customary or repeated action, and, in 
narratives, to describe accompanying circum- 
stances. state, or condition : 

Autrefoia je h rencontraia tons lea jours. 
Formerly I used [to] meet him every day. 

II verUait, il pleuvait, le temps cUiit trh rude. 
The wind [was] blowing, it [was] raining, the 
weather was very rough. 

Un bon feu flambait dans la cheminee, A good 
fire was blazing in the hearth. 

Imperfect Indicative Imperfect Indicative 
of Avoir: t)/ Mre: 

^ I'had, used to have: I was, used to bo : 

favaia, noua aviona j^Haia nous etiona 

tu avaia voua aviez tu etaia voua etiez 

il avait Ua avaient il etait ila etaient 

elh avaU eUea avaient eUe etait ellea etaient 

Imperfect Indicative of Donner: 

I used to give, was giving: 

/€ dannaia it donnait noua donniona 

tu donnais elle donnait voua donniez 

Uadonfment eUea donnaient • 
ii expression of time ^ a is equivalent to 


the English “ ago.” It always precedes the 
words that indicate the length of time : 

Il y a dix minutes. Ten minutes ago. 

Ily a trois ans. Three years ago. 

Exercise XIX. 

Vocabulary 


aile (1), wing 
le bee, beak 
le biscuit, biscuit 
le bouvrenil, bullfinch 
le bruit, noise 
la caye, cage 
la chambre d coucher, 
bed-room 

le cMnevis, hemp-seed 
lea cheveux (m.), hair 
le compaynon, com- 
panion 

la conhaissance, ac- 
quaintance 
le cou, neck 
la croisee, window 
le danger, danger 
le dijeuner, breakfast 
le dos, back 
ipaule (f.), shoulder 
expression (f.), expres- 
sion 


l:i griff e, claw 
rhistoire, (f.), story 
Vhiimeur (f.), Umiiicr 
intrua (m. ), intruder 
la journee, day (day-long) 
le lendemain, next day 
la main, hand 
la miette, crumb 
le moineau, sparrow 
le mois, month 
oiseau (m.), bird 
le jxiin, bread 
le pas, footstep, pace 
le plumage, plumage 
la poitrine, breast 
la poiUe, hen 
la prison, prison 
la provision, stock 
le rehord, edge, sill 
U rouge-gorge, robin 
le secours, help 
k sijour, stay 
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la fin^ end la soiree, evening 

le fitmier, heap of le son, sound, note 

manure le sucre, sugar 

le gazouillement, chirp la tele, head 

la gorge, throat la voix, voice 

le goUt, taste la vue, sight 

aimable, kind, kindly Wj/wewj?, snappish, surly 

mnple, ample henreux, happy 

brun, brown intolerant, intolerant 

content, pleased jaune, yellow 

doux, sweet, gentle lustre, glossy 

dur, hard moelleux, soft 

entre-haille, slightly noir, black 

open rouge, red 

epais, thick ‘rude, rough 

gai, cheery s|>f)lted, sfMMikled 

geMil, nice, amiable triste, sad 

varie, varied 

amuser, to amuse chasser, to drive off 

apporter, to bring detnander, to ask for 

(Utaquer, to attack donner, to give 

attirer, to attract tbouriffer, to rumple, 

heequeter, to p(‘ck disorder 

caresser, to pet, caress egayer, to enliven, cheer 
charmer, to delight enjamber, to step over 
tntourer, to surround saluer, to salute 
h'eiller, to waken sa liter, to jump 

jdcher, to anger soigner, to tend 

/Her, to warble, trill tirer, to draw away, 

flambcr, to blaze rivscue 

gratter, to scratch, scu’ape tourner, to turn 
hmspiller, to worry, to trouver, to lind 

mob vagahonder, to roam 

inquieter, to trouble about 

passer, to spend, pass ooUr, to fly 

ren/rcr, to come in, return voleter, to flutter 

endorvii, asleep /ait, made ouvert, t)p(m 

erUentiu, heard ?nort, dead vu, se(‘ii 

d tracers, through me me, even 

about, around pendant que, wliilst 
hien (before adjectives), presque, almost, nearly 
very quelquejois, sometimes 

dehors, outside souvent, of U*n 

we . . . 'jamais, never trop tard, too late 
vite, quickly 

Translate into French. 

You ask me for the story of my bullfincli ; 
here it is. A friend of mine has a I'.ouse in the 
country. I sometimes spend the winter at his 
house. / like the country in winter ; you like 
the town better. Etich one (to) his taste. Two 
years ago 1 (have) made a stay of several months 
there, and whilst I was there 1 made the acquaint- 
ance of a bullfinch. He was a little bigger than 
a sparrow ; his beak was thick, black, and hard ; 
his little eyes had a kindly expression. I have 
never seen any plumage more beautiful, more 
glossy than his. His head was black and his 
breast almost as red as a robin's. His wings 
were spotted with (de) red also. His voice was 
sweet, and I have never heard any notes softer 
and more varied than those which he warbled. 
He cheered mo and delighted me. I tended him, I 
petted him. When my breakfast was brought 
me, I gave him his also. 1 gave him all thtit he 
liked most ; crumbs of bread, little pieces of 


biscuit and of sugar. He pecked them in my 
hand. We were very good friends, he and 1. 
The winter was rough, but that did not trouble 
us. A good fire blazed in the hearth. We had 
an ample stock, I, of books, he, of hemp-seed. 
We were both happy ; we were pleased with (de) 
each other. For birds, a cage is often only a 
prison. His was only a bedroom. The door ot 
it was always open. Almost all day long ho 
roamed about through the room. It did not 
belong more to me than to him. Somcjtimcs ho 
fluttered round me ; he jumped on my shoulder, 
and even on my head ; he rumpled my hair , 
TJiat amused him, and me too. He was a cheery 
companion. T have never had any nicer than 
that one. T did not spend all my evenings with 
him. When 1 returned 1 used to find him asleep. 
He had his head under his wing. The noise of 
my footsteps used to wake him. He used to 
salute me with (pur) a little chirp. Next day 1 
was awakened by my little friend. But the end 
of my story is something very sad. One day tho 
bullfinch finds the window slightly opened. 
Whilst 1 have my back turned, he passes quiekly 
outside. Twenty paces from the houH(\ there is 
a large heap of nianure, yellow and black, where 
half a dozen hens scrat cli and peck. It is nothing 
tine, but it is something interesting for him. 
From the ledge of the window he flics on to the 
manure heap. But he is an intruder. The hens 
have an (the) intolerant and surly temper. Tiie 
sight of thc^ bullfinch angers them. They sur- 
round him, worry him, attack him. The noise 
att racts me. I look t hrough the window. It is he ; 
it is my poor bullfinch. I step over tho window ; 
T go to the help of my little companion. I dri vo the 
hens away ; I rescue him from their claws. It 
is too late. My poor little companion is dead. 

Key to Exercise XVIII. 

1. Oil peut'on 6tre mieux qu’au scin do 
famille ? 

2. On nous a dit de vous donner ceci. 

3. On obeii a ce roi parce qu’on le craint, 
mais personno ne I’aime. 

4. On dit qu’il est tres riche. 

5. Quiconquo a fait cela est uri mediant homme. 

6. Si quelqu’un vous parlo, r6pondoz-lui. 

7. Je ne connais personne ici et personno no 
me connait. 

8. Si vous avez encore do ces poires, domiez- 
m’en quelqucs-unes. 

9. Qiielqu’un (on) demande a vous parler. 

10. Nous avons appris quelque chose de tr^s 
interessant. 

11. Jeconnais quelqu’un do plus puissant que lui. 

12. Nous n’ avons pas fait groind’^ose de bon 
aujourd’hui. 

13. II n’y a rien do plus agreeable quo do 
yoyager k pied. 

14. Y a-t-il rien de plus surprenant quo cette 
histoiro ? 

15. Chacun de mes amis a rempOrt^ plusieurs 
prix. 

16. Faites k autrui ce quo vous voudrioz que 
Ton vous fit. 17. J’ai parl6 k Tun et k Tautre. 

18. Les vrais chr6tiens ne in6disent pas les 
uns des autres. 


Continued 
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The Making and Trimming of All Styles of Children’s Hats and Bonnets. 

Dutch and Drawn Silk Bonnets. Polo Caps. Children’s Picture Hats. 

MILLINERY FOR CHILDREN 


H OW to take measurements and make pat- 
terns for children’s bonnets has already 
been treated [page 184(>], and we must now 
proceed to the cutting, making, and trimming. 

Three points must be remembered in all 
children’s millinery: simplicity and lightness 
of style, softness of foundation, and softness 
of material. 

Shape foundations are usually made of do- 
mette, leno, book muslin, or stiff net. The 
materials used are generally swansdown cloth, 
bengaline, cashmere, corduroy, fine cloths, and 
Japanese silk. 

The head 'lining should be of sarcenet or 
mull muslin. The trimmings may be of swans- 
down, different kinds of white fur, lace, em- 
broidered chiffon, baby ribbon, ruchinga, 
ribbons, quills, tips, appliques, pompons, etc. 

It is best to use washing ribbon for cliildron’s 

bonnets and pelisses. It is made 

in two widths, 3 in. and 5 in. 1 
wide, and is uncrushablo and / 
washes well. In appearance it (j 
resembles a surah ribbon, and it I U ^ \ 
is made in white and cream. V 1 1 1 
A Baby*s Bonnet. A baby’s V I 

first bonnet can bo made in the J 

shape of a hood [157]. Cut two baby’s 
pieces of material the same os bonnet 
patUim, and stitch together 
round the edge, the right sides . 

inside, cording it between if 
preferred. Cut away the head 
part of one to about 3 in. 
from the edge. Turn it on ^ 
to the right side, and tack a 
layer of wadding, domette, or 
flannel over the single material 
in the centre. Face this with a /n 

piece of sarcenet silk, and run or * 

machine -stitch a sarcenet ribbon 159 . boy’s 
on both sides over the cut edges. 

Mark the centre-front and back, 
and make an eyelet hole in the /( > \ | 

ribbon at those places. [ll ■ |'|||| ij 

Run in China ribbon, secure \ta. j j I I I j 
it at each side, pulling the j 

ribbon front and back to the 
size of the baby’s head. Trim dutch 

the bonnet with swansdown or bonnet 
lace, and sew on washing ribbon 
strings, and a cap front, which can bo bought 
ready made or can be very easily made by hand. 

Cap Front. A cap front is made of fine 
net edged with lace, or lace about 1^ in. wide. 
Cut two strips of net edged with lace 30 in. long, 
, 01 ^ pleat it in close boxpleats or quill, making it 
a little fuli^ on the top, and catching in the ends. 


Bind the edge with a strip of firm muslin, 14 in. 
long when made, the usual length of these 
cap fronts. This pattern can be enlarged or 
reduced, and it is made without any wire. 

For summer wear, embroidered cambric, 
muslin, narrow rows of Valenciennes lace sewn 
together with fancy stitch in silk, or all laee, can 
be used, left transparent or lined with a thin 
silk lining of white or (Coloured silk. 

For winter wear [158] the bonnet can bo 
made in velvet, embroidered by hand, or of 
bengaline silk with fancy stitching, or cloth, and 
trimmed with fur or lace appliques. Those 
bonnets can be kept quite plain, with only a 
silk cord round the edge. Large soft silk rosettes 
at each ear give a pretty finish becoming to some 
children’s faces. For others the rosette will look 
better if placed higher. Whim using washing 
materials make them up in the same way, 
but use no stiffening. 

Baby Girl’s Bonnet. The 
A materials required for a baby 

aAJW V L R girl’s first bonnet are 1 yard of 

^ yards of insertion, IJ yards 
ribbon, and some twist. Tho 
bonnet can be made without a 
158, VELVET «bape, with only a narrow band 
BONNET double muslin J in. wide, 

measuring about 14 in. long 
(measurement, from oar to ear 
L. round front), and 11 in. long from 

^ ear to ear round back. This slip will 

give the required firmness round 
edge and help to keep tho 
' bonnet in position. Bind tho 

edge with sarcenet ribbon or 
narrow silk to make it quite 
/J|j neat inside. 

' For the crown cut a strip of 

icTURE HAT silk 15 in. wide and tho width of 
the silk on the straight. Make 

f three J -in. -wide tucks, insert a 
strip J in. wide of Valenciennes 
^ insertion lace, and continue till 
then^ are three rows of insertion 
and four sets of tucks. Gather 
the edge to size of band round 
161. POLO draw up ihtu tucks to 

CAP shape. 

Gather the remaining edge, 
leaving about 2^ in. at each end, join neatly, and 
arrange the gathers round a piece of muslin cut in 
a round about tho size of a half-crown. Cover this 
with silk and trim it. Sew tho lower edge to 
the band, which will form the back of the bonnet. 

As no head-lining is required, cut another 
round of silk and slip-stitch it neatly over the 
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round inside the bonnet, to keep it quite neat 
inside. Cut a strip of silk on the cross about 6 in. 
through. Fold this in half and lightly run a 
niching of silk or chiffon, or a frill of Valenciennes 
lace, on the double edge. Mark the centre and 
slope the ends to IJ in. Pleat this frill in box- 
pleats round the front of bonnet, keep- 
ing most of the fulness to the top, and 
finish it off with narrow ruching all 
round the bonnet. The strings may 
then be sewn on. 

Baby Boy's Hat. For the founda- 
tion of a hat suitable for a bfiby boy 
make a band the size of the child's head 
in double book muslin or net. Cut a 
circle, 14 in. to 18 in. in diameter, 
of the material, interlining it, 
and use sarcenet for head-lining. 

(iather it roCind the edge and 
sew to band. Trim with a ruche 
of lace or ribbon round band, 
a rosette, quill, or pompon. 

Slip-stitch the head-lining round 
band. Finish with lace cap- 
front, and strings. 

These hats can also be made 
with full crowns, and box-plec.ted silk or ribbon 
about 5 in. wide, edged with swansdown, can be 
used for brim. For trimming, turn up the brim 
from the face, holding it in place with pompon or 
rosette. 

For older boys white felt hats with dome or 
square crowms are suitable [159]. Line the brim 
with gauged silk or chiffon, or only the edge can 
bo trimmed with gauged tucked silk, about IJ in. 
wide on luther side when finished. Place a 
ribbon ruche round crown and finish with tips 
(coming over brim in front, w here it is caught to 
the crown), a rosette of .soft silk, strings, and cap- 
front. 

Small polo caps [161] covered in bengaline, 
and simply trimmed with a large soft silk rosette 
on one side, arc also much worn. 

Dutch Bonnet. Little Dutch or Puritan 
boimots are suitabk; for little girls of from two 
to four years of age [ 160]. These have generally a 
coronet, of which tliere are a great variety of 
shapes (49, 50, page 1845]. 

Cut the pattern in buckram, without turnings. 
Wire round the back part, kuiving 1 in. at each 
side. W'ire-stitch the front on to the back, and 
then wire all round the bonnet, nipping over 
the 1 in. left at each side and overlapping 
the w ire for 2 in. at the centre- back. 

Mull all the edges and wire and mull the coronet, 
which is covered before it is sewn to the bonnet, 
in the same way. 

Covering the Shape. To cover the 
shape place the material with the front to 
the cross, allowing ^ in. turnings all round. 
Cover the back part of bonnet first, fitting it 
carefully and sewing the turnings to the front 
of the bonnet. , 

Fit the front part, turn in the edge at back, 
and tit it tightly round the edge of the shape. 
Catch-stitch the turning on the inside of the 
buckram in front. Then cut the lining the 
same shape as pattern* make up and slip-stitch 
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it in the bonnet. Cover the coronet with the 
material and face it inside with silk. Slip-stitch 
tli#^j edge of the coronet to the edge of bonnet, 
and make a quilling of lace, chiffon, or ribbon 
and sow on front. 

Trfm the coronet with hand embroidery, lace, 
appliques, or edge it with fur or kilted 
ribbon. Another pretty method is to 
cover the coronet with gathered or 
gauged silk or chiffon, or with velvet or 
velveteen, hand embroidered. 

Instead of coronets, a very full ac- 
cordion-pleated silk material, cut on 
the cross, doubled and lined, and cut 
naiTower at the ears, or gathered or box- 
pleated, may be made and sewn 
to the front of bonnet. With a 
very full front it looks better 
to have the back fancifully 
draped or gauged. 

Boy's Man*of-War Hat. 
The only measurement required 
for a boy’s man-of-war hat is 
ihi? .sizi? i)f the head. Half a 
yard of double-widtJi rnatorial 
will make two hats. The other 
materials needed are buckram, yards of 
ribbon, canvas, wadding, ^ yard sarcenet or 
satin [1621. 

Cut two circles 10 in. to 12 in. in diameter 
in material, muslin, and lining. 

Make a band 1 in. to 1.J in. wide of buckram or 
double canvas, or of linen for washing hats, and 
in length 1 in. longer than head size. Join and 
wire top and bottom. Mull and cover with 
material. 

Having finished the foundation, place two 
pieces of material with the right sides facing each 
other. Take two circles of canvas, each padded 
with a layer of waddings tack the head- lining over 
each circle, and quilt with the machine, each 
piece in one direction only. 

Place one piece of canvas and lining above, 
and one below. Mark the size of tlui head-line. 
Out out carefully, allowing I in. t\j ruing beyond 
the head- line, one piece ot lining, one of canvas, 
and one of material. 

MachintJ-slitch round outor edge, which can be 
first corded by placing a cross way piece of 
material with cord tacked in ; place this between 
the two edges of the material, with the turning to 
the outside, the cord towards the centre. Keep it 
in a good shape while doing the outside edge. 

The band is made of a strip of buckram, 1 in. 
to in. wide, and, in length, the si^ of head, 
plus 1 in. for turning. Join in a round, and 
wire top and bottom. Mull and cover with cloth. 
Sew the crown to band, and line the band neatly, 
or machine carefully just above and below the 
wire of band. 

Trim the hat with the ribbon, which usually 
has the name of a man-of-war stamped on in 
gilt letters. 

A washable man-of-war hat is made in the 
same way. White drill, piqu6, or bengaline is 
used, and white canvas or linen used for inter- 
fining. The band should not be wired, but made 
of double canvas, covered with drill, cut twice 
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the width of the band, plus }-in. turnings. 
Place the canvas between, tack" and turn in 
the J-in. turning. Place the crown between, 
tack and machine-stitch crown to band. 

In bengaline or any other white material 
which can be dry-cleaned, the band may be 
made as in the* first method described. 

Girla* Liberty Hats. Liberty hats are 
made of Libv'rty or Japanese silk. A fair-sized 
bat, with frills at edge, will take from 2^ yd. 
of 30-in. -wide silk. They are exceedingly 
pretty made in white for young girls' wear. For 
adults, these gathered and drawn hats can bo 
made in net, i)laiii or spotted, chilTon, and in a 
variety of other materials. 

They take 2^ yd. to 3^ yd. of 30. -in. -wide 
silk, a ring of strong white support who, ami 
one red of strong machine silk (the j-oz. reels 
are the best), buckram for head-band, stiff 
muslin or net for the crown, and sarcenet for 
the head-lining. 

The measurements reqiiired are the size round 
liead, and, if possible, the diameter of a largo 
hat that suits the girl for whom it is intended. 

The w'idth of the brim will be according to 
the size of the head — the larger the head-line, 
the wider the brim. 

The silk may be cut on the cross or straight. 
The first is belter when frills are required at the 
edge, the latter when more than one hat is to bo 
cut from one length of silk. 8ilk on the straight 
is also easier to manipulate and join. The 
longlh will be two and a half times the circum* 
ferenc50 of hat. 

To allow of its being made up double, cut the 
silk twice the width of the brim. Allow J in. 
extra for each tuck, and double the width of 
each frill at the edge. Join it in a round and 
press all the seams in one direction, Mark the 
half and quarters. Fold in half and tack the 
raw edges together 

Mark with lillikiiis the width of frill, 1 in. to 


extra in length for each 1-in. space left between 
the casings. Bond round the wiie J in. at end, 
and bind it with cotton to prevent the silk 
filament from slipping. Then, from the back, 
make a little cut in the silk, or undo a few 
stitches in the seam. Push in for a few inches 
each wire as it is cut olT. to prevent the different 
lengths from getting mixed. Push in the wires, 
all at the same limCf^ in the direction the seams 
have been pressed. 

Join the head-wire first, overlajiping the wire 
for 2 in. Stitch through the silk and loop of 
wire on the under side of brim with strong cotton. 
Draw some fulness over the wire before joining. 
Draw up each wire in turn, and stretch the silk 
quite tight between the wires. Draw up the 
twist on each side of the wire and fasten off. 

For a brim narrower at the back than at the 
front [164], make a i)a])er pattern with the brim 
1 in. to 2 in. narrower at back, graduating the 
runners from front to back. 

Crowns for these brims are generally low and 
full on a tam-o'-shanter foundation. Make a 
head- band and pleat a net or Icno crown to it 
of about 14 in. diameter. 

For a large tam-o’-shauLer crown, a round, cut 
the same size as brim, including frills, will make 
the silk for crown in proportion to the brim, 
'i'his can be left plain, or embroidered, or trimmed, 
as preferred. Turn it in and gather round the 
bottom three tiniivi and sew to side-bands. 
This can bo tucked, but the material must be 
tucked before cutliug the circle. 

Trimming. Make a largo bow across the 
front, of silk, machinc-st itched or slip-stitched, 
or rosettes, one under and one on top of brim. 
Young children wear strings of chiffon or silk 
out on the straight. 

Hats can be made in velvet in the same way, 
allowing a little less for fulness, to keep them 
light. Velvet hats made over a sparterie shape, 
with gauged lining, trimmings, and strings of 


2 in. round edge. Tf a double fiill is required at chiffon, make becoming children’s hats, 
the edge, pin and tack. Mark Drawn hats in glace, taffeta 

J in. away from first marking — ^ effective 

this will be for the first casing. made with raised casings. For 

The space between the two those, out three lengths on the 

linos of running mu.st be just wide cross, 3J in. wide. Join and 

enough to allow the wire to pass machino-stitch* one edge, making 

through double at its end [163]. a narrow hem. Valenciennes or 

If made wider, the gatherings will 164. girl’s silk hat imitation Maltose lace, about 
not look well when drawn up. If 1 in. wide, can bo stitched 

made narrower, the wire doubled at the end on at the same time. This is for the frill 


will not pass through, and it will give a Cut throe strips 9 in. through on the cross, 

great deal of trouble to finish off. Mark the Join, and press the seams all one way. Make 

remainder of brim, leaving 1 in. to in. plain a narrow hem on one side and machine-stitch 

between each casing. The last casing must it. Make a tuck 2.^ in. from the edge that has 

be about 1 in. from head-line. Thread the been machine-slitclied. Then make three more 


needle with strong machine silk, using it from 
the reel, as it is less likely to get knotted or 
broken, and fly-run the whole length, beginning 
from the back. Pull the silk out to its full length 
before catting the twist. Fly-run the other 
oaisings in the same way. 


tucks, leaving 1 in. between. 

Push the wire into the tucks, fasten securely 
in the same manner as for a drawn hat, and pull 
up the twist. Make the head-band and crown. 
Halve and quarter the 3J-in. strip of silk ; gather 
and sew on near the first tuck at the edge to 


Wiring the Brim. To wire the brim, cut 
oft wire for head-line, plus 2 in. for wrappii^. 
Allow plentjr of wire for each casing, and 10 in. 


make a double frill there. ,. #► 

Line with gauged chiffon, leaving a heading of 
about IJ in. Trim w ith chiffon strings, 
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TWO PROCESSES IN BUILDING A BIG GUN 



The building of a big gun is a highly coraplicatod proct oding. This picture shows inner tube being 
pressed into shape. The tube is wound with miles of steel tape, and is then fitted with an outer jacket. 



The outer joctket of a big g\m being forged in hydraulic press. The jacket is thrust over the wire, 
wound inner tube. The breech end of the jacket is shown on the right* hand of the picture. 
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Construction and Manufacture of Large Guns. Making and 
Charging Cartridges. Sheiis. Percussion and Time Fuses. 

LARGE GUNS AND AMMUNITION 


S TBIPP£D of all accessories, a gun is a thick tube 
reinforced in those parts where internal pressure 
is to be expected. The designing of a gun neces- 
sitates the use of much complicated mathematics 
in order that the pressure shall be adequately borne 
in every part without undue weight. The methods 
of reinforcement and pressure distribution vary 
in different practice, but in the British Service the 
shrinking on of tube over tube is now confined to 
small weapons. The larger weapons are wire- 
wound. 

Small Calibre Q.-F. Breech- 
loading Guns. This type [26] is built 
up from steel forgings and an inner tube 
with jacket shrunk on them. The inner or 
“ A ** tube forging is first rough turned and 
drilled, simultaneously from both ends, th 3 
tul)e revolving. After this it is tempered 
and annealed and tested, then opened out 
to a larger diameter, with a D-shaped 
boring tool working from the muzzle end, 
and then tine bored with a built-up lioring 
tool, with several inserted cutters with 
burnishers between them. Then the rifling 
operation takes place, the tool used being 
somewhat similar to that described under 
Rifle Manufacture. 

Jacket. The jacket is next tempered and 
annealed, and then drilled through, and second 
bored and second turned. The trunnions are 
grunohed down out of the rough forging, by vertical 
tools, a number of cutting tools in a bell chuck. 
But in field guns the tendency of later years has 


partially revolved, and the tool box arranged to 
copy a template fixed upon the machine. 

The breech is then slotted out in a slotting 
machine (when of the Hotchkiss or V^’ickers wedge- 
breech typo), the rear face faced, and the hole flared 
out to give easy insertion to the shell cartridge. 
The action holes are drilled through jigs, and a 
dummy mechanism fitted, to test accuracy; also 
backsight holes bored. Next the jacket is fine 
bored to a 8omowh.at smaller diameter than Che 
barrel or “ A ” tube, and tliis is called a shrinkage 




27. VICKERS 3-POUNDER SEMI-AUTOMATIC GUN 


been to mve all field guns a longer recoil, and to 
provide them with a large spade at the end of the 
trail. This 'design has caused' radical difference in 
the manufacture of the gun jacket. Figure 27 is a 
Vickers 3-in. gun and 28 is ari Armstrong-Whitworth 
3-in. gun. The trunnions are done away with on 
the jacket, and a slide or grooved way extends the 
whole length of the gun. Thus, practically, no 
portion of the outside from breech to the muzzle 
ho turned in the lathe, but has to be planed 
longitudinally, the gun being supported and 
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allowance. In several cases there is a locldng ring 
with bayonet joint which is duly macliined. 

The gun is then ready to bo shrunk up. For those 
small guns, a gas- fired furnace of simple construction 
may bo used. The jacket is fixed on a revolving 
table perfectly upright, and gradually turned rolnd, 
to get an equal distribution of the heating. 

The barrel, having been already lowered, and 
secured on to a plate, into the bottom of a pit 
alongside, has a taper plug placed in 
th(5 muzzle to form a lead, and to give 
protection. The jacket is then care- 
fully lowered vertically on to the 
barrel. \Vlien it is home to the shoulder the locking 
ring is turned, and the key insoriod, the key fitting 
on the sides^ only. The water jets are turned on, 
causing the jacket to grip firmly. 

Breech Blocks. These are of three principal 
types ; the vertical wedge, A ; the transverse 
Knqip slide, B ; and the screwed breech, C — the 
two latter being now in most general use. Re- 
ferring to detail of manufacture of “ A,” the 
breech block is of the vertical sliding tyjie, and is 
retained in the breech end of the gun by means of 
a series of serrated projecting guides, milled in. 
These engage in corresponding grooves in the 
breech end. The block is machined with a slight 
taper, to give it a slight forward movement when 
closing the bi'ccch. The top of the block is milled 
to a hollow curve to clear the cartridge case in the 
loading position, and the front is bevelled to press 
the latter homo in closing the brecch-~tho forward 
movement of the block completing this operation. 
The front portion of the block is stepped to form 
a shoulder for actuating the extractor.^ 

The upper portion of the block in line with the 
centre of the gun is bored out to receive the bush. 
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28. ARMSTKONO -WHITWORTH 3-lN. KIKLD GUN 


for the striker, the former having ))oen previously Bup]>ort, and for the same reason it is enabled to 

machined and hardened. This is screwed into be shortened, and the gun breech does not need 

the front face to admit the firing ])in. At the rear to be radiused for the ydug to be swung out. 

end is provided a sliding cover, a stop pin being This arrangement of a short plug also enables a 

jirovided to limit the opening movement. The very considerable saving in weight to be made 

striker opening near to the cover is recessed at the in the gun itself at it.s hoaviost portion- -namely, 

top to allow the striker to be removed when the the breecdi end. 

mechanism is assembled. The centre of tin* lower The contact area gives as much as 75 per cent, 
portion is hollowed out and drilled and end- milled of the eircumforenee as useful su])port. The thread 

to take the cocking lever, trigger, and mainsjming. is of the step-up ty])e. Each segment has a dilTerent 

A wibbled-out slot between this space and the radius. This would aiipoar to be a very difficult 

striker ofiening admits the cocking lever to the jiiece of machine work, but the result has been 

latter. Transverse holes are drilled in the lower obtained by an ingenious arrangement brought out 

portion of the block to receive the axis pins for the by Mr. Douglas Vickers. The interruptions, or 

trigger and cocking lever. The other components, gaps, are first milled through longitudinally, also 

such as the cranks, crank shaft, and sleeve, are narrow tool clearances between the threaded 

machined from steel forgings and hardened. segments. It is then turned, and afterwards screw 

Semi - automatic and Screwed cut in a lathe, which has an attachment to the 

Breech BlocKs. In the semi-automutic typo cross slide of the saddle, acuated by a cam and 

there is also a steel spring of the clock ty]»e fixed in strong spring. This enables the tool to ana]> 

a maehined-out bronze cover. The extractor, when back <piickly to meet the advancing larger radius 

maeliined, is pivoted on a hinge pin .screwed into during the i>eriod of passing the clearance groove, 

the breech of the gun. A cylindrical striker with In machining some of the smaller breech pliig-», 
detachable point .and a. key is fitted into it. A hole instead of using a forging for each plug, the screw 

is drilled through the striker for the is cut from end to end on a forged bar 

head of the cocking lever. The cocking Qv parted off into a number of 

lever is forged bell-crank form, and breech screws, thus saving cost and 

pivoted on an axis ]nn in the space in material. Further, fewer test pieces 

the centre of the breech blo< k. are re(iuired. 

In the Krupp type the bre«^ch consists > 'V Large Guns. The steel ingot-s are 

of a transverse slide block witli a Qj X \ t cast with a large head to ensure sound- 

circular hole through it registering to the ness, 'this is cut otT in a face-plate lathe 

chamber when open, but presenting a by a sc piare.revolving frame, with cutters 

solid surface when moved across to the that are moved forward by transverse screws 

idosed position. j J jiL- j^jil actuate*! by a star wheel feed coming in contact 

Ilcferring to the screwed- breech typo, - with a fixed ])in. They are tre}>anncel out by a 

there are numerous types of this class. hollow, annular boring tool with cutting tools 

'raking one simple type [29], the screw, on its front face. This, on being fed into the 

wdiic<h has interruptions (or gaps j ingot, takes out the centre, thus saving a large 

bet>veen), is swung round on a carrier ga (.rMprir cylinder of metal. The ingot is«then taken 

arm, : which also has a bevel gear to to the large hydraulic forging press and swaged 

rotate the screw, so that its threads, mandrel. Special mechanically- 

which have entered the somewhat radial breech block nioved turning gear sUmg from the crane over- 
gaps in the breech screw of the gun, , head is used. The hoUow forgings are then rough 

are now: thretKled, so that they enter and lock bored out from both ends with D-ahaped bits, with 

into the tlnoads of the gun screw. In this par- tooth-shaped cutting edges well supported and 

ticular, tjye the threads are cut all round and then backed off to give clearance to the turnings, a 

shaped off to for,ni two interruptions. But a much copious supply of soapy water under high pressure 
superior scr<?w breech— namely, the “ Welin ’* typo, being carried up to the cutting edges of the tool, 

which has been : n^uch improved by Messrs. They are then rough turned, and taken out to be 

Vickei*s -i8 used for the larger guns. oil-hardened or toughened and annealed. 

Welin Breech Blocke. This type [81 and The oiKbardening- plant is of gigantic dimensions, 
82] gives a much larger thread contact^ and therefore consisting of hich gas-fired furnaces, with firebrick 
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linings and with hinged front-door o])oiiirig ontw.ards 
all the way up, and a table at the base revolved 
from below by worm gear. Above this, and 
spanning over the furnaces and oil-tanks, is a 
lOO-ton goliath crane worked by hydraulic power. 
The oil-tanks arc large enough 
for l()-in. guns, and contain 
some Ifi.OOO gallons of rape oil. 

They arc j>artiaUy sunk in the 
ground, and water is circulated 
round the annular chamber 
surrounding the inside shell of 
the tank, to kee[) the oil at a 
fairly LMpial temperature, and to 
prevent its tiring. The tube is 
heated to about l,r)00’ F., and 
soaked at this heat for some 
I ime. Further, to ensure o(piable 
heating, it is revolved on the 
table before merit ioned. 'Phe 
top doors arc then oiiened, and 
the clips ]nit on the tube, wbieh 
is then lifted by the overhead 
(U’ane, and plunged into the oil- 
tank. When ready, it is then 
taken out and replaced in the re-lieatiug furnace for 
some time and maintained at a tein])(Tature of 
700° F. to anneal it. Afterwards it is slowly cooled, 
and a further tensile test is taken. If correct, it is 
then taken to the boring lathe and second and fine- 
bored, and also la])ped out. The various jackets 
and huo])s .are treated in a similar manner, an allow- 
ance being made for shrinkage. 

Wire-winding. As the larger guns are 
wire-wound, they diflfer somewhat in eonstruc- 
» ion. There is an inner ttihe, wliieh is second- 
bored inside, but finished turned outside, and 
over this is placed the “ A ” tube proiier, and 
on to this is wound, in the case of the 12-in. 
gun, some hundred miles of steel ribbon wire 
under great tension. This winding on tension is 
regulated by grippers, held towards each other by 
weighted levers. The weights of these are adjust- 
able in order that the tension may be increased or 
diminished, as re<piired by theoretical construction. 
The gun revolves windingon the ribbon in advancing 
steps or layers. The reel and apparatus traverse the 
bed longitudinally by a long feed-screw worked by 
hand. The wire is driven home by a workman with 
a copper drift, who also carefully examines the wire 
in transit and in dUi to detect any defect. 

When oomplotely wound, should there be any 
Kragh edges on the wire or on the clamp rings, they 
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are trued up in the lathe by s])ring outting toots, or, 
in other cases, grountl ny emery wheels. Then the 
jacket and chase hoops which have previously been 
fine-bored, with a small shrinkage allowance to suit, 
and also finished turned, are dropf)ed over, and 
shrunk on. The somewhat contracted boro is 
finished inside by lapping out. It is .iiso cham- 
bered by a built-up broaching-out texO, or, in some 
ea.ses, bobbed out^by an emery wheel on a former. 
It in now inspected and mea.suretl up carcdully in 
the bore, a micrometer gauge being used which 
registers the dimensions on a dial outside the luiiz/h' 
end. It is then rilhal in a tangent bar rifling 
machiii' somewhat similar to that described in our 
consideration of rifles. 

In the meantime, the breech bush has been 
machined. To make this, an ingot is tre^ianned and 
hollow forged iin«i(‘r the press in a length .suitabh^ 
for making twenty bushes. It is then rough-turned 
and hore.tl, and hardened in a similar manner to a 
gun tube. It is now parted off into lengths and a 
thread is rut on the outside, ami, further, the interior 
has the interruptions and ste])ped segments cut into 
it hy H])eeial machinery. 

When the gun has been rifled ami la])peil out, 
the brceeh busli is screwed in and fixed. The gun is 
again iiispeided minulely: to do 
tin's in the interior, ojoetrie lamps 
and mirrors arc used to detect 
any defect. Also, internal im- 
pressions are taken by wedging 
inside plastic gutta-iiereha, wliieh 
clearly ri'produees .any roughness 
or iiTegiilarify, and can bo ex- 
amined at leisure when with- 
drawn. 

Obturator. In the ease <jf 
large calibre guns, no metallie 
cartridge cas(‘s are used, hut the 
eftiux of the gases is prevented by 
t he obt lira t ing ])ad. This consist s 
of a ])lastie jiad of ashedos with 
an unguent kneaded thoroughly 
info it. This mixture is formed 
into a y>id between dies, under 
intense ])re.ssui'e. and covered 
with canvas. When in the gun, the pad is con- 
tained bctwemi front and rear metallic discs, but 
is free to expand at the <*ircumference. On firing, 
the pressure forces bick the front mushroom 
plunger. This compresses the ])ad longitudinally, 
and forces it outwairds against the chamber, to 
make a gas-tight joint. The ])lunger has a hole 
drilled tlirougli its centre, in order that the flash 
from the primer may communicate with the charge. 
This charge dies in rear of the shot, each having 
been separately loaded into the eliambcr. 
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33. VICKERS 12-IN. BREECH MECHANISM (CLOSED) 


The breech mechanism is now mounfod [30 and 
33J. The mechanism is arranged so that, by turning 
the hand whecd, the breech plrtg is first rotated and 
unlocked, then drawn out longitudinally. The 
obturating pad being now clear, the whole is swung 
out from the breech of the gun. These motions are 
obtained by means of a pinion and actiiating lever, 
which rotate the breech plug with gradually in- 
creasing rapidity, unlocking it. By a combination 
of the sliding bar and roller stud, a sleeve is turned, 
causing the idug to have a longitudinal rear motion. 
On this movement being continued, (ho actuating 
arm swings out the mechanism clear of the gun. 

In Vickers* latest ty]>e the breech screw is 
arranged so that, after it has been rotated suf- 
ficiently to disengage it from the breech oi>oning of 
the gun, it is swung directly out toward the 
operator without any longitudinal withdrawal. 
This not only reduces the time required to 
oi)erate the mechanism, but allows the actuating 
gear to ho of the? simplest type. Much ingenuity 
has been expended on the provision of means to 
prevent the backward rush of flame and fumes when 
the breech is quickly opened. This is, most simply 
accompli hed by an automatic air blast. 

Proof of Guns. After the final inspection of 
the guns as regards mac^hiniug, they have to Ix) 
tested by proof charges at a suitable range. The 
range, ii required for large size of guns, must bo 
in an isolated position near the sea, and should 
have a railw'ay siding right on to the mounting 
ground, so that the largest ordnance can be con- 
veyed there. To try the guns, they arc mounted on 
heavy, cast-iron surface plates, ancliored down to 
massive concrete bed. Usually an overhead gantry 
crane of 50 tons capacity s|)ans the railway siding, 
so that the heaviest ordnance can be mounted with 
facility. The targets for armour-plate trial.s are 
usually erected some distance away, 
against a huge bank of sand, while 
fixed targets are erected on piles some 
thousand yards to seaward, and floating 
targets can be moored at any praeticjil 
range from the shore. 

Chronograph. To measure tb<* 
velocity of the shot an instrument called 
the chfonograph is used. This is a tin e 
measurer, and is used to record the 
lime taken by a shot traversing from 
the muzzle of the gun to a point 
some distance ahead. Two electro- 
magnets are supported vertically. When 
the circuLta ai^ complete they are 
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magnetised, and each one sustains a steel rod. 
Over it is fitted a silver sleeve to take the knife 
impressions. One rod is called the chronometer, 
and is a long one ; the other is shorter, and is called 
the register. On the register falling, it causes a 
knife-blade to indent the falling chronometer rod. 
Forming part of the circuit to the magnet holding 
up the chronometer rod is a fine copper- wire stretched 
across the muzzle of the gun, while a certtiin distance 
ahead, directly in the path of the slot, there is 
placed a screen of fine copper wires laced across, 
and insulated from the screen. This wire forms 
l>art of the register circuit. Further, a switch is 
arranged that can break both circuits simultane- 
ously, called the dis junctor. When this is 
thrown over, both rods aro released at the same 
time, and a mark is indented on the chronometer 
rod. On tiring, the shot breaks the first circuit, 
causing the chronometer rod t-o fall, and the shot 
in passing through the? screen breaks the second 
circuit, causing the register rod to fall. The mark 
now made is measured to that made by the dis- 
junctor simultaneous release, and the average 
velocity is obtained therefrom. 

Field Carriage. The trunnion and axle 
bearings of a field carriage [34] aro in one forging, 
and are riveted on to the trail by ample flanges. 
The traversing }>lato whitrh 8up]M)Tt8 the cradle is 
a steel casting. It has two trunnions, which stand 
out horizoutally upon it. These are turned on the 
journal part on the collar. By means of these 
trunnions the gun is ('levated or de])ressed. The 
trunnions lie in bearings in the trail, and are kept 
in place by eap-squarc^s. The boring bar is passed 
through the bearings to true them up with the trail. 
*l’he recesses are slotted out, and the cap-squares 
fit in sideways. A socket is formed in the travers- 
ing plate, in which the traversing pivot rests, and 
arouiul which the gun is traversed. This traversing 
pivot is provided with horizontal bearings (for the 
ranging drums) round which the gun and cradle 
can be el(?vated. 

The traversing plate extends to thc^ roar in two 
arms with a cross member to form a bearing for 
the traversing segment. The latter is machined to 
radius, and carries the ranging gear. The elevating 
gear is telescopic, and is arranged for independent 
or for BimultancouB elevation of the gun and 
sight. The separate and independent elevation 
are placocl one on the left and one on the right 
side of the carriage. The one on the left elevates 
the whole system of the gun, cradle and sights, 
and is used for pointing. The gear on the right- 
hand side is for ranging the gun, and does not 
influence the sight. An indicator shows the range 
of the gun corresponding to the elevating with 
degrees with line of sight. A hand wheel is on the 
right-hand side, with a spindle and worm upon it. 
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This gears iato a segment of a worm wheel, to 
give some degree of traverse in either direction. 

The Cradle and Cylinders. These are made 
of manganese bronze, and contain the recoil arrange- 
ment and running-out springs. A lug is formed 
on the under side. These arc difficult castings to 
make, owing to the thin walls and long slides 
causing contraction difficulties, but this has boon 
skilfully overcome by ean^ful moulding. Tho 
long grooves on each side of tlu^ eastings aro 
planed out on a special machine, and, using 
these as guides, are slid on to fixture, and then the 
two spring-cases are bored out, and also tlie recoil 
cylindor. It will, of course, be seen that tho slots 
retain the gun vertically and laterally. 

In tho recoil cylinder a liner is forced in with an 
orifice which controls tho flow of the liciuid ]>ast 
the piston, through a gradually closing port. Tho 
spring-cases that aro on each side of the recoil 
cylinder each contain two springs, enclost^d one 
within tho other, but se])aratod by a tubular 
casing having a rim on the insirlo at one end, and 
at outside on the other. As these sjirings must 
have approximately equal range and strength, 
it will be obvious, liaving in view the different 
fliameters, that the section and pitch of the coils 
must be carefully calculated to obtain a satisfactory 
r(‘sult. The inner spring bears against* the enlarged 
end of a rod, which, after passing through the 
spring, is securely attached to tlui lug under the gun, 
anrl at the other eml it pulls on th<^ inside rim of the 
tubular ease, enclosing this spring, while tho outer 
spring hears against the outside rim of the tubular 
ease ; its nuir end presses against th(‘ eradh* itself. 
By this teleseopie arrangement the (tempi ession of 
each spring is about half tho distance travelled by 
the gun in recoiling. A large initial compression has 
to be given to those springs by screwing uj). Huitahlo 
wluicl brakes aro attached. 


the 'gun I also- tho carriage and ammunition limber, 
which are coupled up ami travel togethcr.r ■ . 

Tho body is made of bullet-proof §toel, and 
contains a number of })igeon-hol('s, into which are 
inserted and tightly fitted baskets to. contain tho 
made-up rounds. These baskets have a wicker 
cover with a strap fastening. The end door has to 
fit up very tightly against these covers, and is 
padded with felt and leather. In the under-frame 


corrugated and 
flanged plates 
are used, which 
at once give 
strength and 
lightness. The 
limlx'r hook is 
made of a sU^ol 
forging, into 
which is welded 
a wearing - strip 
of s])eeial high- 
grade steel. The 
pole is made of 
straight - graiiuul 
ash, well sea- 
soned and free 
from defects. 
Tho axles are 



tubular steel, 
w i t h coll a r s 
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formed upon them. The arms are swaged down, 
turned in, and wcMcmI at the eiuls. 'J'Ik'so arms 
have tho nee(‘ssarv ‘'hollow’’ and “lead,” the 
one to suit the dish of the wheels and tho other 


to ensure straight running on tho conical arm. The 
arms are slottcul through to receive a linch-pin, 
which retains tlu^ wheel in place. 

Wheels. The spokc'S are of eltdt oak, well 
seasoned and soleeted. They aro tunu'd in a 


The bullet-proof shield is bent so that a hori- 
zontal portion forms tho scat, the rear vertical 
portion the back, while the front is continued down 
Ix'low tho axle, thus screening tho men well, and 
at the same time forming a s(*at when limbered up 
for travelling. To protect the gun-layer in these 
long recoil guns, a ]»ro- 
toeting shield is fixed at 
\ \ ./ the rear end of the 

cradle. 

/ equipment 

C Z?rr7|:— there are tlm^c limIxTs. 

I ^ shown in 28, travels with 
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coping lathe, and the nave ends aro carefully 
tapered. The spokes are shouldered down to a 
round section wIkto they fit into the felloes. Tho 
felloes aro in some cases sawn out of ash, with the 
grain running round tho circumference. They are 
bored for tho end of the spokes to lit into, and are 
do welled together at the joints. In other cases 
of recent practice they are made of bent ash. 

Tho wheel-boss flanges are sometimc's cast in 
bronze, or malleable iron, or of pressed steel, with 
])rojeeting mid-feathers into which tho nave of tho 
sjioke is inserted. Outside and socketing <)ii iy 
the hosH-washer is the outside disc -washer, which is 
bolted up to it. Before insertion, the nave ends 
of tho spokes aro well coated with 
white lead paint. Th(> felloes are 
driven on to the spokt^s and the 
spoke ends wedged. Then the welded 
tyro is ])laced over this, and in modern 

practice tho shrinking on is done by 

moans of a series of hydraulic rams 
all round the circumfereneo and acting 
radially inward simultaneously, inside 
tho socket of the boss- washer a pi]ic- 
box is inserted to form a hearing. 
^ Some of the Euiopcan nations use 

a ^ forged iron or steel wheels for Hell 

gm^ carriages. 

^ Siege Guns and Howitzers. 

The tendency sinoo tho Boer and 
Japanese wars is to URO a siege gun 
[361 with high velocity, and conse- 
quently a longer gun, for field service; 
therefore tho weight has to be kept 
JARRIAGB down. For plunging fire, howitzers [35 
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and 37] vith high-angle fire are used for fields 
siege, and garrison purposes. 

Aerial Defence Guns. The most urgent 
problem of the modem artillerist is the provision 
of means of defence against attack from the air. 
The really complioatod problems brought about by 
the perfecting of the airship and the aeroplane have 
l)cen vigorously tackled by Germany, France, 
and our own War Office, with the result that more 
or less effective weapons are now available. It is 
necessary that a gun for air defence should bo 
capable of elevation to nearly a vertical position, 
and that it should be capable of being trained and 
sighted very raxiidly. An aircraft can alter its 
position very quickly in any direction, and measures 
have to be providca to allow for this new problem 
in fire. For ordinary land or sea-servico the move- 
ments of the target can only take place in close 
proximity to the horizontal plane ; no plane of 
movement is outside the capability of the aircraft. 

In Krupp’s pattern [38] the range and elevation 
are read oil a special rango-finder, and the tele- 
scopic sight is sot to the required elevation. The gun 
can bo moved quickly to follow its flying target, 
and is mounted on 


then two holes are drilled through it, and the metal 
of the centre portion is taken out by saws, meeting 
the drill clearance holes. It is then finish^ slotted 
insifie. Booesses are formed on the inside on the 
cheeks for the reception of trunnion blocks, and are 
constructed so that the gun may be drawn inboard 
after the blocks are unlocked, without any lifting. 
The trunnion blocks are forged steel, and provided 
with locking blocks operated by links and rocking 
lever on the toggle joint principle. Suitable handles 
are provided for operating the links and locking 
bl<x}ks, so that the latter may be moved in order to 
engage with the recesses in the carriage when 
locked. One block moves upwards, and one down- 
wards into oval recesses in the cheeks in the pivot. 
On each side of the carriage is bolted a steel side- 
bar, the left-hand one carrying the elevating and 
training gear and platform, the right-hand one 
carrying the training gear and platform. 

The Cradle and Recoil Cylinder. 

The cradle is made of steel plate, and is shaped 
to take the gun. It also carries the recoil cylinder, 
spring cases, sighting gear, guard plates, resorvo' 
oil-tank, and cover plates. Bronze bearing strips, 

running circum- 


a special tyjro of car- 
riage. Shells which 
leave a smoko-track 
are frequently used 
to trace iho path of 
the projectile and 
show the cause of a 
miss, but iho ques- 
tion of the kind of 
shell to bo used is 
not yet satisfactorily 
settled. Shrapnel 
suggests itself at 
once, and flaming 
and gas - producing 
shells are also being 
experimented with. 

Mountings. 

These features cover 
a multitude of 
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ferontially, are 
provided at front 
and rear end 
of the cradle, on 
which the gun slides, 
and at the trunnioji 
end a cap of forged 
ste(*l, also having 
manganese bronze 
bearing strips, is 
bolted to the cradle. 
Two key-ways, run- 
ning longitudinally, 
and bushes with 
bronze are provided, 
one in the cap and 
on(5 in the bottom of 
the cradle, forming 
guides for the keys 
on the gun. 


designs — ^for instance, naval mountings, field car- 
ria^ and limbers, howitzers, fortress artillery, and 
ba^tte mountings. It is impossible to go fidly 
into the manufacture of all these, so the 4-in. 
pedestal mounting [39] is given in detail, and the 
others are lightly touched upon. This mounting 
oonsists of the following i)rincipal parts — namely, 
pedestal, pivot and carriage, cradle, and shield. 

The Pedestal. The pedestal is of forged steel, 
being flanged at the bottom, and is secured to the 
dock of the ship with bolts. It is bored and bushed 
to receive the pivot stem of the carriage, and has 
at its base a horizontal ball bearing, on which the 
whole training mass revolves, top of the 

pedestal is bored out to i*ecoivo the training worm 
wheel, the lower })art of which forms a bush, this 
latter fitting closely to the pivot stem of the car- 
riage. The upper part of the wheel has teeth cut in 
it JOT the training worm to gear into, and is pro- 
vided with a eirc^ar facing for resting on the lop 
of the pedestal. The clamping gear is £tted for 
oontrollmg the mounting, and consists of a friction 
block, set screw, two I^Uevillo washers, clamping 
screw, clamping handle, and two stop studs. 

Pivot and Carriaife* . The carriage is a stool 
forging of two side cheeks a^d-a bottom, with the 
pivot projecting down. Thi pivot is a solid steel 
forging. It is faced on four sides in the planer. 


The recoil cylinder is of forged steel and bored 
out. There is a key on the cylinder, fitted into a 
recess on the under side of the cradle, to assist in 
taking the strain when the gun is fired. At the front 
end of the recoil cylinder is fixed a steel nut, gland, 
and iilug, and into the lixst is screwed a retarding 
ram. The rear end is threaded for the cylinder plug, 
which is fitted with glands and packing, through 
which the piston rod works. On the top of the 
cylinder, on the right, is a filling hole communi- 
cating with the oil-tank, and in the roar is an 
oil-hole closed by a plug and leather washer. 

The piston and piston rod are in one piece, and of 
forged steel machined all over, the piston having a 
circumferential groove turned out, into which is 
fitted a manganese bronze ring, which fits accurately 
into the recoil cylinder. The piston rod is' bored 
out from tho front, and is provided with a steel 
bush to aeeommodato tho retarding ram. The rear 
end of the rod is soourod to a lug on the gun by means 
of a steel collar and nut. Tj^e retarding ram, which 
is of managanese bronze, is sorewed intp the plug 
in the front end of the oyrlinder, and projeots into 
tho hole formed in the piston. It is provided at 
the end with a ball .vaJvo, whioh admits the liquid 
'into the cavity of tho piston during recoil, and. shuts 
off its escape during ruifnSng^out; 'The esdape' is 
then controlled through a hole up the centre of the 
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ram and past a small, adjustablo which is 

accessible from the outside front end of the cylinder. 
The adjustment of this plug is such that the run-out 
of the gun is under perfect control. 

The valve key is made of bronze, sha])od to lie 
in the bottom of the cylinder. The top edge of the 
key, in conjunction with the piston, forms a port, 
through which tho liquid is forced as tho gun re- 
coils. The shape of the top edge of the key is 
arranged so that an approximate uniform pressure 
is sot up in the buffer during recoil. 

The running-out spiral sf)rings arc* placed on each 
side of the recoil eyliiubT, and are ('iielosetl within 
steel cases. The 
springs are placed so 
that they can be 
removed or replaced 
without taking otf 
tho initial compres- 
sion, tho ca]) which 
holds th(un into ])osi- 
tion being fixed to 
tho spring-case by 
in term j) tod collars. 

Tho springs are com- 
presscid tot heir initial 
load by the coin- 
])rcssor bolt. Tht^ 
coni pressor bolt is 
secured to a stoi'l 
orosshoad, which is 
fixed to the lug on 
the breach end of 
tho gun. 

Sighting Gear, 

The sights arc fitted 
one on each side of 
the mounting, and 
are arranged to bo 
actuated by a separate sight- setter on tho hdt sitlo. 
A special feature of tho sights arc tho dials with 
spiral grooves ; tlu.'so give large and ch'ar readings 
for range and deflection on tho circumferences. 
'Idle grooves are formed in a milling machine with 
vertical spindle, free to rcvolvo and with downwanl 
food, but with a fixed vertical axis, the dial being 
placed horizontally on a revolving table with a cross- 
traverse. Thus, as the dials revolve, tho cross- 
feed motion continually decreases, tho relative 
distance between tho centre transversely of the dial 
and that of the vertical milling cutter thus foriiiing 
a spiral groove of equal pitch. Backlash, due to th' 
wear of tho working parts, is eliminated by tho use 
of divided spur gear, one-half of which c;an b(* 
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advanced to compensate the wear. A variable 
power, day and night sight telescopo is provided 
on each side, and, in addition, open sights are fittecl 
when required. An important part of the sighting 
aiTangomcnts on a field carriage is known as the 
cross levelling gear. By means of it inaccuraeics 
in sighting due to one whoid of tho carriage being 
higher than tho other, becai.’se (;f rough or uneven 
ground, arc corroctod. 

Ammunition. The mnnufacture of metallic 
ammunition, or cartridges, involving as it does 
severe punishment to the metal cases in thi'ir 
]»rodueti()n, by sueei'ssivo pr(‘^sings, drawings, and 

squeezings, together 
with a number cd 
aniioalings, necessi- 
tates the use of the 
most ductile metal, 
which experit'nce has 
shown to be an alloy 
• •onsisting of 70 per 
cent, of copper and 
30 per cent, (if zinc. 
The metal, which is 
melted and cast into 
strips, is hy succes- 
sive rolling roduced 
to the roipiired thick- 
ness, and cut into 
strips of a suitahlo 
width. 

In tho production 
of small cartridge- 
eases, tho first ojiera- 
tioii consists of cut- 
ting out tho blank 
and cupping it in a 
dio- press. Tho strip 
of niotal is automati- 
cally f(*d into tho ])reRS by a pair of rolls, which 
reetdvoan intermilteiit motion from a ratchet wheel 
and pawl. When tiie metal is at rest over tho 
dio, the outer or hollow punch [A in 40] descends, 
cutting out tho blank or disc. When this ])iineh 
reaches the bottom of its stroke, the inner puncli, 
1>, then di'scends, pushing the disc through tho die, C, 
and thereby forming it into a cup. 

Making Cartridge Cases. To use the 
strip of mirtal in the most ocouuniical manner, and 
avoid any excess of scrap metal, thrc(» blanks and 
cujiH (or any gn^ater o(id number) are inado at 
each stroke of tho ]>rcss, the position in ])lan of 
th(^ puneluis being indicated by tho dark circles in 
44. th(^ metal being fed forward a distance slightly 
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in excess of the blank diameter after each stroke, stroke. As the punch, with the ease upon it. 

By the three succeeding oi)erations the cup is comes to rest in the forward position, the toggle- 

drawn or extended, each one reducing its diameter jointed slide containing the die comes towards 

and the thickness of the sides or walls, and at the it from the opposite direction, giving it a power- 

same time increasing the length. In the machine ful squeeze and forcing the metal to flow into 

for this purpose the mips are fed or placed by hand the required form. Upon the return stroke of the 

into recesses in a horizontal intermittently revolving punch, and the release of the die, the case is self- 

table, each in its turn coming over a die, upon which extracting, and falls into a box. The form of the 

it rest-H. The punch, then descending therein, end of the case before and after the “heading** 

carries it through the die, squeezing its sides, which operation is shown in section in 46, which also 

reduces the diameter, and at the same time oxteml- snows the various stages from the blank to the 

ing the length. On the return stroke, the case, flnished case. It is sometimes necessary to have a 

which at the open end expands somewhat, is stripped ttnal indenting operation after the heading, so that 

or pulled off the punch by the die which it previously the anvil contained in the head, and upon which 

pa8S(*d through [4! J. The wall of the case or shell the cap is struck when firing, maybe properly raised, 

is required to be taper, or otherwise it is necessary and the chamber for the reception of the cap 
for the metal of the shell to be thicker at the closed properly formed. 

end and thinner at the open end. To attain this. Tapering, or reducing, commonly known as 
the drawing punches are made to taper, being “necking,” consists of closing in the open end 

smaller in diameter at the end entering the shell. of the case to a smaller rliameter than the main 

Indenting and Extending. The thick* portion of the body. In the machine for this pro- 

noss of the metal in the end of the case has not bc'cii cess the cases are fed down an incline shoot in the 

materially reduced, and it is now necessary (before usual manner, the one to bo operated upon falling 

proceeding with the drawing or extending opera- into a recess at the bottom, and being taken therc- 

tions) to indent the end of th(» case. This at the from by a pair of fingers ]>rojeeting from a rocking 

same time acts also as a preliminary heading cipera- shaft actuated by a cam, jilacing it in the direct 

tion, or forms the end so that an excess of metal is lino of punch, which upon tho forward stroke 
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40 . Blanklnpt nnd cupping puncli and dies 41 . Stripping tho case 42 . Indenting tools 43 . Necking or tapering 
44 . rian of piincfi and stri|) 45 . Various stages of drawing from blank to finish 40 . Fulminate plates 


left therein, which will bo required later. A extracts tho case from tho fingers and at the same 

special machine is used for this piirjiose. Tho time forces the opcm end into a taper fixed die. 

cases are placed in an incline shoot by the attendant, A mandrel which enters the die from the opposite 

nnd arc automatically taken therefrom upon a end following up tho jmneh on its return stroke, 

])unch or mandrel when it is coming forward, which, positively extracting tho tape red case from the die, 

when at rest in tho forward position, receives a allows it to fall into a receiver. The tools aro shown 

blow or squeeze from a die which is held in a toggle- in action in 43. 

slide, thus forming the indent. Upon tho return In some instances, where there is considerable 
stroke of the punch the case extracts itself and falls reduction in the diameter of tho open end of the case, 
into a receiving box below. The tools for indenting the tapering is formed in two operations, the 
are shown operating in 42. first taking it half-way down the die, and the 

Following the indenting there are two further second completing the work, and forming the short, 
operations of drawing or extending to obtain a cose sharp curve near the open end. 
of tho required length. Tho open or thin end Piercing and Annealing Cartridges, 
of the case or shell, through uneven annealing Piercing consists of forming two small holes in 

(which will be described later) or irregularity of the head of the case for tho fire or flash from the 

the metal caused by tho successive processes of cap. This operation is sometimes performed in a 

drawing, becomes ragged, and always requiics one horizontal automatic drilUng maemne, but more 

or more machine trimming operations, an excess of frequently in a special machine. The cases are fed 

metal being allowed in tho blank for this pi rpose. by hand into holes in the intermittently revolving 

** ifea&ng ** and ** NecKing ** Cart* table, and are carried under tho piercing tool 

ridges. The next operation consists of pressing fixed in the top of the frame, which defbends and 

or forming the head on the case, otherwise pierces the hmes. An ejector worked from tho 

known as heading.** In working the heading crosshead below extracts the case after piercing, 

machine tho cases are fed by an attendant into -Sometimes the punching is performed oy two 

a siioot, from which they are automatically independent punches working from opposite sides 

taken upon a punoh when making its forward of the case. The mouth or open end of the case 
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now requires rimering out a little, so that the 
bullet may readily enter. Not the least important 
part of th(J production of the eases arc the nunu^rous 
gauging tests which arc necessary to assure accairacy. 

Annealing may be dellnod as the release of strain 
in the metal which has been produced by mechanical 
treatment. The (*ffeet on the metal cases set u]) 
by tho various drawing, hcjading, and tapering 
])rocessc8 causes it to become brittle ; for this r(;a.‘oii 
there is a limit in the amount of work in 
reducing or altering th(i form of the area 
of the metal it is possible to pc'iforin at 
each operation. These defects of homo- 
geneousness of structure may, however, be 
removed by heat treatment. Tlu' east's 
are heated W'ith care, and then allow<"d 
to cool gradually. The opi'ration of anm al- 
iiig may bo performed either in a revolv- 
ing gas-blast furnace or in larger qtianti- 
tics bya eoal-fircd turnace,thc tcmp(‘raturc 
of which should be between .5.50° and 050°. 

When thci cases have been annealed there 
is a layer of oxide on their surface, due to 
being heated in contact with air. 'rhis 
oxide is removed by dipping in acid liquids, 
and finally by swilling in water. The 
eorrosicin may also bo due to sulphur and 
other foreign bodies dc'rived from thc^ fuc'l. 

If strong and hot aquafortis be uschI, the 
metal is liable to be clissolvcid and present 
a rough surface. For this reason a weak 
solution should be employed for cartridges 
cases. 

Bullet«maKing. The I'.ext process 
(cmsisls of the bullet-making jiroper, tho 
l(*ad rod, which has been formed in a 
lead squirting press, being automatically 
fed into a sjx^eial macliinc. ^J’he rod is first 
sheared to the? required length ; it is tl c ii taken 
by a punch, and forccnl into a die which is the 
correct shape and form of the bullet, the tinished 
bullet being finally extract(‘cl automatically from 
the die. The envelope for covering Ihc bullet — 
tho metal for which is an alloy of copper and nickel, 
better known as cupro-nickd- is made in a similar 
tnaiiner to the cartridge case ; that is, the blanks 
are cut out and the cups formed at one operation. 
They then ro- 

(ptire extend- ^ 

i n g, being 
draw’ll four 
times in succes- 
sion. This 
leaving a rough 
edge at tho end, 
a trimming pro- 
cess is necessary 
t o complete the 
envelope. The 
kad cowjs are 
now placed in 
the envelopes 
and taken to 
the coring 
machine, being placed in a shoot, from which they are 
automatically taken between a punch and die, and 
the lead core being forced tightly into its envelope, 
the whole being self-extracting, and a completely 
encas^ bullet is delivered from tho machine. In 
some instances two or more ofxjrations are required, 
the form of the conical end being thereby some- 
what reduced. 

As cupro-nickel tends to foul the rifle barrel very 
badly on firing, the modem practice, already adopted 
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very successfully by some Powers, is to construct 
the envelope of nickel -plated or nickel -coaled 
steel, or sometimes of steel by itself. The form 
of construction is the same as has been dtseribod, 
except when the bullet is made with a solid base. 
In this case the point is sw^aged ovi'i* the lead core. 
As this leaves a hollow under the point, this bullet 
cannot be used for war purposes (Oeneva Con- 
vention), but is a useful sporting bullet. 

Tile cap is made of copper, and it is 
neeessaiy that tin? metal employed be as 
nearly pure as possible, and perfectly soft, 
so that it may lie formed to the lUHcssary 
shape without fracture. The metal strip 
generally used is from -010 to -Oil of an 
inch in IhickiU'ss, and is cut out and 
formed at one operation, in a similar 
manner to that adopti‘d in producing the 
caps for cases. In some instances the caps 
arc trimmed or faced, this oixuation being 
performed automatically in a special ca]>- 
trimming machine. After this thc\v are 
polished in a shaking or tumbling maehine. 

Charging Caps. They are now 
ready for charging, the composition em- 
ployed for this purpose being fulminate of 
inerciny, (ombiiu'd with other ingredients 
ill order to cnsiiie tlio ignition of the 
pow’der charge by tlie }>low struck upon the 
cap. The fulminate is highly dangerous to 
liandh‘, though coinjiaratively free from 
dangm* in charging wdieii the w’ork is pt‘r- 
formed in a siiitabh^ machine. 1’he caps 
are ])Iai cd by hand into a copx>er x>late 
which is provitled with a nuiiihcr of 
hoh'S of a Suita l)lc size. The plate is 
th(‘ii 1 ) 11 1 into the lower part of the 
charging machine, anti lias thret' tirass plates 
above it. The plates are accurately ground to- 
gether, and work with little friction. The ]>lates are 
all perforated with holes corresponding .in size to 
those in the caps [46 J. Tho perforations in the lower 
plate arc exactly ujipusite those in the caps, while 
those in the upper one are half-way betwj'cn or over 
the blank portion of the lower plate. Tho middle 
plate — which is a sliding one — has its blank 
portion below tho holes of the upper one wliik* the 
^ latter is being 

i c charged. When 

tho holes of the 
upper plate are 
lilled with the 
composition, 
the m i d d 1 e 
plate is caused 
to move for- 
ward, so that 
its holes come 
under those of 
the u p p c 1 
one, taking 
therefrom the 
composi ti on. 
Tims, wh< n 

tho holes of the lower ])lato communicate with 
those of tho middle one, the caps are lilled with 
a quantity of composition corresponding to the 
thickness of tho centre plate. 

It is now necessary, however, to press the 
fuiminato of mercury composition in the charged 
caps. For this purpose they are taken to a pressing 
machine. A power -driven machine is most fre- 
quently used for this purpose, and consists of l 
■ oad working vertically through 

2647 


l£AU 


Durinj: 


BASE PERCUSSION FUSE 


frame having a crosshea 
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the intervention of belts, taring, and a crank diameter for the bullets, and the diaphragm; and 

shaft, and also having a table which is recessed to to the decreased size for the powder chamber. Then 

hold the plates containing the caps ; each plate the open mouth towards the head is enlarged, and. 

contains 1,000 caps arranged in rows of 25. The into this the finished brass head is inserted, and 

table has an automatic intermittent feed, arranged riveted with brass rivets. Inside the head is a wooi 

so that each row of cap.s is brought in its turn directly filling plug, and at the point the time fu e is screwed 

under the plungers contained in the crosshead, which in. The body is turned in the ordinary way, and the 

then descends and presses the fulminate tightly driving band compressed into the recess. The lead 

into the cap. The row of caps, being compressed, bullets are machine moulded, and then pressed into 

rests upon a number of movable bases which are kept charcoal to dll the case. 

up to thei ’ work by counter or balance weights, so Small Shells. Small shells — armour-piercing 
that the pressure on each cap is regulated by — and 0- pounder steel — are in some oases forged under the 
cannot exceed — that exerted by the balance weight, steam hammer from a round bar ; in othe cases they 
which can be varied to suit conditions and may are hollow forged and the base turned over in presses, 
bo ns much ns 1,000 lb. on each cap. They are then annealed and bored out. The interior 

The surfaces of the compressed fulminate — inside the point is bored to a special shape, and is 

the caps still being in the receiver plate — are now formed by a copying arrangement at the back 

covered with a small j)ioce of tinfoil, and then of the shell. They are then rough turned on the 

varnished, the ax>paratus for varnishing having a parallel part and then the ogival, or conical head, is 

plate which is covered with a solution of spirit and turned in a speci «1 lathe [49]f which radiuses round 

shellac. A number of small vertical plungers are the body. The shell is then reversed in the chuck 

caused by the operator to descend on the plate, each and finished turned, and the groove for recess cut 

taking up a thin layer of the varnish; the plunger in to contain a driving band. There are several 

plate is then raised, and the varnish plate removed, projections left standing up in this recess, and these 

the receiver containing the caps being substituted ; are machined in the form of waves by the action of 

the plungers are again brought down, and leave a a cam acting upon the slide re.st. These projections 

t hin coat of varnish on the surface of 
the compressed composition or ful- 
minate. The cardboard or felt wads 
are made in a cutting-out press, the 
sheets of material being self-feeding, 
and the blanks are out therefrom by 
a punch and die. 

Asaembling Cartridges. 

The various parts are now ready for 
assembling. The caps are embedded 
into their oasfts by a machine. These 
cases are placed in the long incline 
shoot, and the caps in the short one. 
a cap and case coming together at 
each stroke of the machine, the cap 
being tightly forced in. Upon the 
release of the pressure, they fall into 
the box below. In loading the case 
with cordite, about sixty pieces of 
which — somewhat resembling fine 
twine — are required to fill each case, 
the pieces are automatically cut to 
length, filled into the case, and pressed 
home. The cartridge is now ready to receive its wad eat into the copper driving band, and the wavy 

and bullet, and the final operation of securing the con tour prevents the band si ip ping round. The screw 

bullet. threads are cut into the base by a special tool. 

The complete cartridge is then cleaned and passes The shells are hardened in water from the point 
iht'ough the inspection stage of gauging and rectify- for some distance up. The i>lugs are made from 
ing, and is finally weighed in an automatic machine tlie bar in a hollow mandrel lathe, and are screwed 

iiaving t^ee receivers, one each for those of correct tightly home into the base of the shell. ' The 

weight, one for lighter and one for heavier, the copper driving bunds are compressed into the 
limit of variation being about two grains. recess by a press having a relief valve, and the 

Shrapnel Shell. This is principally ftsod outsides are tapered to the front, and annular 

for Held and naval purposes, and one type is shown grooves are cut in them. The driving band takes 
in 47 . Tt consists of a hollow stool case, with a solid lands — projections and grooves of the 

base, filled with lead bullets. In the case of the C-in. rifling, so that the shell revolves when passing 

there are over 500 bullets. On the inside, near the out of the gun ; at the same time it orura^g or 

base, is a shoulder for a steel diaphragm to rest upon ; makes a gas-tight joint, so that none of the 

below this is the bursting charge, which is in com- powder gasses pass beyond this band. The nose 

munication with the fuse and head of the tube. The w now bobbed up to the required shape by higrh 

contact head is of brass, and contains the time fuse speed emery wheels, controlled by a fomer s^dle 

at its nose. This type of shell is fired out of the gun. to give the cone shape and sharp i^mt. They 

the fuse having previously been set, and when in the are now lacquered, inspected, and painted, 

air over the object— such as infantry, cavalry, or Armour-piercing Shell. Thia class of 
boat flotillas — the flash from the ignited fuse passes shell is a steel-tempered forging, with ogival-pointed 

down from the fuse to' the bursting charge. The head, with a small-size chamber^ inside for high 

bullets, etc., then fly forward with accelerated speed. explosive charge, and generally Is fitted with a base 

The hollow is bored out to the larger faid. Also many projectiles axe fitted with a 

8648 ' ' ■ 
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«oft steel cap, which protects the front and generally 
eases the nenetratlon of the shell by preventing 
its being oroken up. The operations are some- 
what similar to the smaller shell. 

The shell is bored and counter- bored — or enlarged 
— insider, and the smaller diameter at the base 
has threads cut in it by internal milling, or by 
fixed cutters, to which the correct feed 
is given. This shell and others, after 
internally heating* by steam, are coated 
with lacquer, to give a smooth internal 
surface to prevent premature explosions. 

The shell is then painted, and distinctive 
bands, showing the nature of the shell, 
are lined upon them. A semi-armour- 
piercing shell has thin wall'*, but is strong 
enough to withstand the shock of dis- Before Arinj? During flight rods are manipulated at one time. It 
charge. On striking or iienetrating an 50^ SMALL PUSES i® impossible to describe the numorous 
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for the larger. They contain the detonating 
composition in a recess in front. Below this is the 
lead guard pellet, supportetl by the roughened 
steel or brass needle that is embedded in it. On 
the shock of discharge the inertia of the lead guard 
causes it to set bach, arming the needle — that is, 
causing its point to protrude. During (light the 
guard, with its projecting needle, lies 
backwards against the base of the fuse ; 
but on impact it moves freely forward, 
the noodle piercing the detonator and 
igniting the bursting charge in the shell. 
The smaller type of fuses are manufac- 
tured from rods in turret lathes with 
hollow mandrels and rod feed. In some 
later types of machines no less than four 


object, the base percussion fuse ij^ites 
the burster and Weaks the shell into fragments. 

Large cost ste^l common shell, suitable for 12- in. 
to 5-in. guns, are moulded with the head down- 
wards. The mould is lined with a gannistcr 
composition, used by steelmakers to stand the high 
temperature. Suitable core prints are formed at 
each end. The hollow interior is formed by placing 
in a core, which is formed round a spindle. 

This is covered with asbestos, and over 
this again the “oompo.” To ensure sound 
casting, it is necessary for it to have a large 
superimposed head to compress the metal, 
and to ensure that it is fed to all parts of 
the shell. Moreover, the occluded gases 
and the poorer metal rise up into this 
head, wdiich is afterwards cut off. The 
shells as cast are then annealed for twenty- 
four hours before passing on to the machine 
shop, where the jirocesses that follow are 
somewhat similar to those for armour-piercing shell, 
except that they ara tested by internal pressure. 

Fuses. Several types of fuses arc shown 
in 48, 50 and 52. The large percussion [48 j 
consists of a stamped iiiaqganoso bronze body. In 
firing the gun the piston pressure plate PP is 
blown ill ; this collapses the supporting ring — 
which is made of 
drawm pure tin 
tube— as fhown 
in 48. This, by 
pus’iing up the 
. bridle, , rctoases 
one of the centri- 
fugal pellets. 

These pellets fly 
outward. The 
detonating pellet 
with its cap is 
then free, and 
lies back at the 
base ; but on 
striking it moves 
forward, the 
fixed 'needle 
above piercing 
the cap. The 
flash from tl|js 
ignites the poiir. ^ 
der in the peltdt and that around the needle 

fLi Ai aU* 1 A — : 

bis latter action is clearly shown during flight at C. 

Small PercuAsion Fuses. These [60] are 
mads of.gunmetal for the small sizes, and steel 
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types of fuses, such as delay action, also 
electric primers — for one type of which see 
within the scope of this article. But the combined 
time and percussion fuse will be dosoribod briefly. 

Combined Time and Percussion Fuse. 
This fuse [52] is used principally with shrapnel 
shell. The composition must burn in a regular 
manner, and is set to act by time at very short 
intervals. The principal parts of the time 
arrangements consist of the body, composi- 
tion ring, and dome. In addition to this 
there is a percussion arrangement at its 
lower portion, to enable the shell to burst 
on impact in case of failure of the time fuse. 
This fuse is screwed on the exterior to fit 
into the shell, and bored out to take the 
percussion arrangement. The body ex- 
tends upwards through the dome. The 
composition lies in the contraf belt of th ' 
body with a ring above it also containing 
the lighting composition and tho hammer, with a 
steel needle suspended by a copper wire above the 
composition. Tliero is a hole bored through the ring 
near the start of the composition channel to allow 
the gas to escape. The outside of tho ring is divided 
into eighteen half-seconds time of burning. These 
are further subdivided. The dome fits over the 

coniposition ring, 
and is held in 
plnce by tho nut 
crewed on to the 
stem on top of the 
body. The action 
of this time part 
is.siich that, w'hen 
the fuse is set, 
the shock of dis- 
charge causes the 
hammer to shear 
tho wire, and fire 
the detonator and 
composition ring, 
which burns 
round tho dis- 
tance required, 
firing the charge 
in the horizontal channel, and the bursting charge in 
the lower chaml^er of the shell by passing down the 
primer tube, and thus explodes the shell. Tho ywr- 
ciission part is shown “ before firing *’ and “ during 
fli^t,** to illustrate its action. 

Either portion' of ttiis fu-e can bo used as desired, 
for time or y)ercussion. The body is made out of 
bronze bar in a hollow mandrel lathe. 

JOHN W. WAINWRIGHT 


Before firing During flight 

52, COMBINED TIME AND PERCUSSION FUSE 
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THE 


The Working Principles of the Various Machines. * Care of 
Machine. The Standard Keyboard. Touch. FIngorIng. 


TYPEWRITER AND ITS PARTS 


I N thi>3 course it is intended to d(*al with the 
buj iness of typewriting in Euch a way that the 
student may be enabled to apply the general 
principles set out to any particular machine he 
wishes to use. 

There is great similarity in the construction 
of typewriters, and a goiu;ral knowledge of the 
fundamental principles of one machine will, to a 
large extent, apply to all makes. 

The Mechanism. In the first place it is 
necessary to understand something of the process 
which goes on from the time the key is depressed 
to the actual impression as we see it on tk(? paper. 
Tliore is nothing very complicated in a type- 
wTiter, but sometimes the simiTlest misplace- 
ment of a part will raako good work a sheer 
impossibility ; and as it is not always con- 
venient to wait for help, a little trouble in 
the Ijcginning is its own rew'ard. 

From each key a lover projo(;ts horizontally 


by a mainspring, which is automatically wound 
up eve^ time the carriage is pulJea to the 
right, llie movement, stop by step from right 
to left, is governed by the action of the dogs as 
already described. 

The art of typewTiting is so apparently 
easy that pupils are apt to underestimate the 
difficulties which await them ; and this is the 
cause of much of the unsatisfactory work- 
manship of which business men so frequently 
complain. Too little time is given to study, and 
the result is work which can give satisfaction 
neither to the tj^pist nor to the person for whom 
it is done. There can bo little pleasure for the 
operator who has to turn out a considerable 
amount of work a day if that work, through 
incompetency, is irksome. Whatever difficulties 
have to he overcome are very materially 
minimised if the typist is master of the 
machine; and the oJleet of a batch of beautiful. 






^ BACK^ 
ISPACERJ 



THE “standard' KEYROAUI) 


to the rear. From tin; middle of this rises a 
connecting rod, at the end of which is a type, 
bar, coriesponding with the letter on the key. 
This key -lever is pivoted, so that when the 
key is depressed, t he typt^ bar aj)proaches the 
])rinting point, and the type at its end strikes 
the ribbon, leaving an impression on the 
paper. Obviou.sly another movement is now 
necessary to ])revent the next letter .striking 
the paper in the same place. This is effected 
automatically in this way. Under all the key- 
levers is a horizontal bar, extending from side 
to side in the machine, so that when a key is 
depressed, the bar also is depressexi. The latter 
pulls down it« connecting rods, and they in 
turn rock an escapement, the most hnportant 
feature of which is the dogs^ one of which is 
loose, and the other rigid. These dogs, when 
they rock, alIo\V the carriage to move the 
width of one letter, so that at each step the 
type prints et a different point. The force 
' necess^yiy pull the carriage along is supplied 


regular manuscript is ample reward for a hard 
day’s work, whatever it may have cost in labour. 

Choice of a Machine. It is difficult, 
and perhaps unnecessary, to oiler advice on the 
selection of a machine. There are four or five 
machines on the market which arc pretty 
certain to turn out good work. But the matter 
of price, which is a consideration with most people, 
is a difficulty which has still to be overcome. 
For the man w’ho can produce a reliable machine 
at half the cost of those at present available 
there is a fortune which has been waiting for 
years. A typewriter, even the cheapest, is not 
an inexpensive luxury. The cost o^any of the 
leading makes runs to about twenty-one guineas, 
although, for certain purposes, some of the 
cheaper ones offer all the facilities needed, ’ 

As far as the make is concerned, the choice 
turns practically on three points — viz,, type, 
double or single keyboard, and price. The 
type is distinctly a matter of taste. Some* 
people prefer a smalb neat typo ; .others find 


INCLODlil BOOKKEEPING A ACCOUNTANCY. PITMAN’S SHORTHAND, A TYPEWRITING 
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merits in a larger one. So that the only serious 
point to bo confidored is whether a double key- 
board is preferable to a single one. On thi^ 
point experts dii^agree, but, a? moet of the newer 
patternB have the single kcybcaixl, there is 
apparently a growing preference for this clas.s 
of machine. 

Sometimes a macliine may require to be 
carried .from one place to anotlior, when 
oomsideration must bo paid to its weight. But 
ft)r ordinary commercial purposes the choice is 
mainly one of tast e. Any of the leading makes — 
Remingtons, Smith-Premiers, Yosts, Barlocka,’ 
Olivers, and others — will give good results, pro- 
vi icd, of course, that the machine is handled by 
a skilful operator. 

Care of the Machine. The importance 
of keeping the machine absolutely free from dust 
cannot be too highly insisted upon. No ma- 
chinery i» impc'i’vious to’tlio ellect of dirt, and if 
a typewriter is to give good value for the money 
expended upon it, groat attention must be given 
to t his point. 

In the first plaee, it should he thoroughly 
dusted each day, and the “way” rods rubbed 
over with a greasy rag. Tiie use of too miK*h 
oil is as bad as. it not worse than, too little, 
and this sliould not be forgotten in oiling 
all parts of the machine. The “ dog.s ” slioukl 
he lubricated, say, onoe a week, and the 
“ typo bar bearings,” etc., v(?ry oeeasionally. 
For this, a small <)il-<*an Avhioh the makers 
supply should be used; and any HU[>t*rfluouK oil 
remaining' on the parts should l)e Aviped oiT. 
When dirty, the typo itself should be brushed, 
and, as often as necessary, the dirt Avliich will 
accumulai<i in the ccaitre of the letters should 
be pricked out with a brush. 

The Keyboard. Whyn the student has 
made himself as familiar with the niM-lianism of 
his machine as possibh*, he should turn his 
attention to a study of the kcyl)oard. He 
will notice that the alphalKd is not arranged 
conse'cutivcily from A to Z, but in a way whieh 
allows certain convenient combinations of letters 
to come togc'ther. Tiie standard k(*yboard is 
the result of the arrangement limilly adopted by 
experts as tlic best possible for facility and 
speed, allowing, at tlKi.same time, alternate 
manipulation of the hands. 

The arrangement also prevents, as far as this 
can bo done, the possibility of the type? bars 
clashing one against the oth(?r wdien working at a 
high speed — say, of 70 or 80 words a minute. 

Single and Double Keyboard. In 
machines which have a double keyboard, the 
working is easily understood, but to a beginner 
the “ shift ” key of a single keyboard may at 
first present some difficulty. 

In a Remington, for example, there is only 
one shift key, whieh is duplicated for either 
liand. The keys, as they stand, represent the 
small letters. Each typo letter has two 
'characters ; by pressing down the shift key 
with one finger the carriage is moved forward, 
allowing the capital letters— or figures, as the 
COSO may be — to come into gear, and print 
through the ribbon on to the paper. 


In other makes the keyboard has two shift 
ko 3 rs, in which case one is confined to. capital 
letters and the other to figures and punctuation 
marks. 

In spite of the fact that the standard keyboard 
appears on nearly every machine on the market, 
for special oommorciaf or fort?ign work special 
keys can bo substituted for otliers which may 
be ustdess to the operator. Accents for foreign 
words, for t?xaniple, con always be added to a 
machine at very little additional expense. 

Ribbons. Ribbons can be purchased from 
the makers who supply the machine. They 
cost 3s. each, hut a reduction is olTcrcd if half a 
dozen are purchased at a time. To th<? un- 
initiated this may sound somewhat alarmhig ; 
but, as a matter of fact, a ribbon lasts a con- 
siderable time ; it moves with tlie carriage as 
each key is dej)ress(?d, so that the wear caused 
by the continuous striking is evenly disiributod 
along its whole length. In some of the newer 
machines this movement extends from top to 
bottom of the ribbon in addition, so that every 
part does full service. 

The ribbon is held by means of a “spool ” 
on either side of tlu? instrument, and the ends 
are caught by little mi?tal clips. These are 
vi?ry simple in construction, and quite easily 
adjusted when the ribbon requires to be re- 
placc?d by a new one. ^ 

All makens supply copying and non-copying 
ribbons. It is also possible with some makes 
to use two-colour ribbons, which sometimes 
h<‘lp to improve the apj>oar{ince of special work. 

Feeding. In feeding the machine — that 
is, fixing the paptu’ in position -- it should be 
noti(?(?(l that, in ord(?r to gt?t it the right way up, 
the paper should bo h(?ld behind the roller 
upside down, with the heading towards the 
machine, and then inserted in position between 
the “paper-shelf” and the roller. 

If the paper in use happens to be a plain 
sheet, it will not, of coursi?, matter which end is 
fed into tlu? machine, except that the Btud(?nt 
should always remember to use the right side of 
the paper, ddie wrong side of a she(?t is rougher 
and geiif?rally less shiny than the other, so tliat it 
can be readily dislinguished. A sure way, when 
possible, of finding the riglit sidt? of a she(d is- 
to notice the water mark, and to write on that 
side on which the wording reads correctly. 

The Bell. Every machine has a belb 
wliieh rings autoinati(!a,lly, and acts os a warning 
to the operator that .he has nearly reached tlu? 
end of the line. In this way he is enabled 
to judge the best way of splitting up certain 
words which may have to be divi(h?tl. 

Idiere is no 8u(;h convenient device for telling 
the 0 |)crator when he has reached the bottom 
of a sh(?<?t ; but expericncf? will soon teacdi him, 
by the hollow sound which he will quidkly learn 
to recognise, that the lino he is writing is the 
last one which the paper can take. 

Touch. VH& have now reached one of the 
most important considefatious in our study. 
To ^ ensure perfect work it Ls not sufficient 
merely to depress the keys. In the first place the 
operator must realise the importance of touch— 
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THE IMPORTANT PARTS OF A TYPEWRITER 


that is, he must remember that nothing is so 
essential in typewriting as the cultivation of a 
firm, even touch. The hands should be held 
ivs close to th(^ keyboard os possible, and the 
key struck sharply and then instantly with- 
drawn. This is not rpiitc^ so simple as it sounds, 
when it is remembered that the depressions must 
bo very evenly timed, as the student will ac- 
Hknowledge when he begins to acquire sp<ied. 

Accuracy and touch must never be sacrificed 
to speed ; when the student realises this truth 
he will have mastered tlie first essential of 
good work. Punctuation keys should be struck 
much more lightly than *other8, so as to avoid 
the marks which- one sometimes sees on the 
back of imperfect copy. 

Fingering.* The question of fingering is 
one which has caused no small amount qf con- 
troversy among . c^xperts. How' many fingers 
shall be used ? And how shall the keyboard be 
portioned out to each ? - 

The thumbs are, of course, reserved for the 
“space bar,“ right or left hand being used as 
is most convenient, , • , , , 

It would not be. wise to lay down a hard and 
ia6t.jule for fingering, especially as we are,not 
dealij^witli any m^liine in particular. The 


jKiint to be remembered is that one should 
endeavour to use as many fingers as possible, 
in order to cover the keyboard in thC shortest 
possible amount of time. The first, second, and 
third fingers should certainly bo used, though 
it is quite true that high speed is attained 
by opi^rators who .advocate the use of two 
fingers only. If, after a reasonable amount of 
practice, the student finds any difficulty in using 
the third finger, ho should certainly abandon the 
idea, and employ only tho first and second. 

Tlie first fingers, being naturally the strongest, 
should monopolise tho greatest proportion of the 
keys in the centre of the keyboard, the re- 
mainder being split up for the other fingers. 
If the student tU the heginmng marks out for 
himself such apian of fingering, and keeps 
rigidly to it until it is familiar to nim, he will 
find that each finger unconsciously confines 
itself to its own j>articular letters, and he 
will be laying the truest foundation for the 
ac^isition of speed. 

There are not many operators who are able 
to use four fingers, but it is a consideration 
from the point of view of speed if this can be 
done. In the case of single keyboards the little 
finger is used for depressing the shift keys. 

MARGARET LILLIE 
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Simple Equations. Definitions. Simultaneous Simple Equations of 
the First Degree containing Two and Three Unknown Quantities. 

ALGEBRAIC EQUATIONS 


SIMPLE EQUATIONS 

48. An equation sbitos tlmt two algebraical 
exprcHsionB are equal. The t-wo expresaions are 
called sides of the equation. 

• If, however, yie two expressions are equal for 
all values of the letters involved, the equation 
is generally cjillod an id-e^ntity. The name 
equation is applied to the eases in which the 
expressions are only equal for some particular 
values of the letters involved. 

For example, 

(sc + fit) (a: 4- 6) = (a -f ft) ir + 
is an identity, since these two expressions are 
always equal whatever the values of x^.a^ and h 
may bo. 

4- 7 = 2a; 4- 9 

is an equation, since the two expressions 3a; 4- 7 
and 2a; 4- 9 are only equal iji the particular case 
where x= 2. 

44. In the latter example, x is called the wn- 
Itnown quantity. The process of finding tlie 
value, or values, of the unknown quantity for 
which the equation is true is called soleimj the 
t;quation. These values are called t lie roots of 
the equation, and- are said to satisfy the 
equation. 

It is usual to express* unknown quantities, 
whose values have to be found, by letters from 
the end of the alphabet, a;, i/, z. Quantities 
whoso values are supposed to be kmwn are 
represented by letters from the heyinniny of the 
.alphabet, a, h, c. 

'45. If equation.s contain only the frst power 
(»f the uqjcnown quantities they are called simple 
equations, or equations of the Jirst deyree. 

We shall first consider equations which con- 
tain only one unknown quantity. 

Suppose we have to solve the equation 

^x--ti:=2x+ 7 ( 1 ) 

Since these tw’o expressions, 4tX - 3 and 2x 4- 7, 
are equal, the results obtained by subtracting 
2a;fi*om each of them will be e<)ual. 

Therefore 

4x -- 3 -2x— 2x -h 7 - 2x ; 

dt, 

4a; — 3- 2a? == 7. 

Again, if we now add 3 to each side of the 
equation, the two sides wdll still be equal. 

4a;-3-2a;43=74“3; 

or, 

4ii;-2a;= 74- 3 (2) 

Compare the result (2) with the original 
equation (1). Eaoh contains the same terms, 
hut in' (2) the terms which contain x are on one 
side of the equation, and the numerical terms 


are on the other. Also, we see tlmt the term 
2x ill (1) is Oil the right, and is 4 , Nvhilc in (2) 
it is on the left and is — . Similarly, —3 on the 
left of (1) becomes 4- 3 on the right of (2). 
That toe may move, a term from one sid/* of an 
equatitoi to the ottwr^ jn'omded we chanye. its sign. 
A term wdiich is moved from fine side to the 
other is s/iid to be transposed. 

If we now' collect the terms on each side of 
(2) w'e get 

2x =: 10 ; 

and it is clear that if w'e divide equal quantities 
by the s/ime '(piantity, the (juotients will be 
equal. Hence, we now' divide both sides of tlu; 
equation by 2, and obtain the result x= o. 

46. The essential part of the process, then, is 
to put all terms wliich contain the unknown 
quantity on to one side of the equation, .and all 
other terms on to the other side, remembering 
that w'hen we transpose a term we must change 
its sign. We then collect the terms on each 
.side of the equation, and, finally, divider hotJi^ 
sides by the cootlicierii of the unknown ^ 
quantity. 

Very ofhm, however, the equation requires 
some simpliticat ion before we are able to trans- 
pose the terms, ns will bo seen from the follow- 
ing examples : 

Example 1. Solve 4 (x - 3) - a; == 2 (a; - 1). 

Here we must first remove the brackets. 

Tliu.s, 

4a:-12-a;=::: 2a;-2. 

Tran.s})osing, 

• 4a; — a; - 2a; — - 2 4- 12. 

Collecting terms, * , 

X = 10 A ns. 

Tlie student can alwaiys verify his results — i.e., 
tost whether the value found does .satisfy the* 
equation — by substituting the value in both 
sides of the eijuation. 

* Thus, in Example 1, if wo put x — 10 in the 
left side of tlie equation, we obtain 

4 (10 -3) -10, which equals 18. ‘ 

Again, putting x— 10 in the right side of the 
equation we get 20-2, or 18. Since the two 
rc.sulhs agree, we know that the solution is 
correct. 

Example 2; Solve 

a:4-l,2a:-3_g 3 a; -1 

2 4 ' 

It is evident that if the sides of the equation 
are e<iual, the products obtained by multi {dying 
both sides by the same quantity will be equal. 
We multiply all through by 12, the L.C.M. of 
the denominators 2, 3, 4, and thus get rid of 
the fractions. 
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For equalH 6 (.r-f 1), 

equals 4 (2£-3), 

and KO on. 

Hence, tlie working of our equation i» written 
out as follows, 

Clearing fiactions, 

6 (.r + 1) -f 4 (2.C - 3) - 60 ~ 3 [:)x - 1), 
or, 

6a: f 6 4- 8a: - 12 - 60 - Ox 3. # 

Transposing, 

6x4- 8x 4- Ox — 60 4- 3 4- 12-0. 

(k)llecting terms, 

23x 60. 

Dividing by 23, 

X = 3 A71!9. 

With a little ^practice, tlie ’fractions are 
cleared and the brackets reiuovod in the same 
process. The cliie.f })oint to remember is that 
if a fraction has the sign - before it, the signs 
of the numerator inust be changed wlien we 
clear the fractions. For instance, in the above 

5 _ — i became 60 — -Ox 4- 3, nat 60 — Ox — 3. 

4 

Example 3. Solve 

<^(x+ ft)+ 6 (x-a) 

Removing brackets, 

ax f ab 4- bx - ab “ a- — 6^, 

Oollecting terms, 

(a-\- b) X ~(i^ - 6 ‘^. 

Divide by (a 4- 6), the coellicient of x ; then 
X ~ a — b A iis. 

Example 4. Solve 

(X 4“ 1 ) (^ “H 3) }- (x 4- 2) (x 4- 4) — 2 (X 4 3)-. 
Removing brackets, Art. 31, 
x-^ 4 4x 4- 3 -H X- 4- 6x 4- « - 2x^ ^ ’iL'x ^ 18. 
T'mnsposing, 

4- 4x 4- X- 4- 6x - 2x* - I2x — 18-3-8. 
Collecting terms, 

-2x-7. 

Dividing by - 2, 

X = - 31 Am. 

EXAMPLES 7 

Solve the ftdlowing eipiations : 

1. 5 C2x - 1) - 3 (X 4 4) -- 3 (X - 3). 

2. 3(1-x)-2(3 4- 5x)4- «-0. 

3. - -- _ 2. 

4. i(*-2)-i(*++) = i(5-«;-2). 

6. 3(«+l)^+4(a;-3)*-7(a:-l)^. 
a * + I 3* - i _ a: - J 

*• Hi 4 3 • 

7. 6jr-{6-2i2j:-3)-a;}= 2(l-2x), 

8 . ix 4 - <*)*-(*+ 6 )* =(« - bf. 

9. iL 4 A = c (a -I- 6). 

XX 

+ af 4- .{a: 4- 6)’ 4- («+ 3 (x^ a) 

,x 4- h) (X + c). 
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SIMULTANEOUS SIMPLE 
EQUATIONS. 

47. So far, our equations, have only contained 
oup unknown quantity. If an equation con- 
tains iuo unknown quantities, wo can find as 
many pairs of values of the unknown quantities 
as we pleiise which will satisfy the equation. 

For, consider the equation 
2x - 3?/ - 2. 

From this we sec that 2x - -h 2, and tliere- 
fore X - i (3// 4- 2). Hence, if wo give y any 
value we please, we obbiin a corresponding . 
value for x. 

Similarly, if we have a second. etpiaiion, con- 
taining the s?inie unknown <piantities x and y, 
such as 

X 4- 3// ^ 10, 

we know tliat x — 10-3?/, and we ?vre agjiin able 
to find as many pairs of values of x and y as 
w'o please wiiich 'will sjitisfy tfie e^juation. 

But, if both expiations are to be satisfied by 
the same ralaes of x ami //, tlicn tho^two ex- 
inessions J (3// f 2) and 10 — 3;/ must evidently 
be iHpial. 

Thus 

i(3;/4- 2)- 10-3//, 

and, wc solve (his expiation by tlie metlixids 
of Art. 46, we tiinl that y ~ 2. Therefore, 
siiicx^ we knx)w that x ^ 10 - 3?/, we have 
x 10-6 -.4. 

Hence we sec (hat if t)i.e expiations 
2x - 3;/ - 2 

X 4- 3*1/ ^ 10 

are to be sat istiod by the same values of x and ?/, 
the only solutixni pxissible is x - 4, ?/ - 2. 

48. Twx> x>r mx>re expiatixins which are to be 
satisHed by the same values of the univnown 
quantities are callexl simtdianeons equntltots. 

The dxijree of ttn equation containing twx) un- 
kiu)wnH, X and ;/. ip the degriu*. x^f tlmt teim 
wliich is of the highest dimensions ii\ x and //. 
[Art. 29.] 

Tli us, 

2x-3y — 2, is of the first degree. 

3xj/ 4 - 4 — lOx, is of the second degree. 

Similarly, if there are three unknowns, x, //, 
.and c, tlie term of highest diinunsix)ns in x, //, 
and z doterminos the. degree of (bo expiation; 
so tliat X 4 2;/ -f- 32 = 0 is of the first degree, 
and a.x“ -f b?/z ~ cx is of the second degree. 

• 49. For the present we shall only consider 
ex^iiations which are of the first xlegree. Wc 
shall see that to find the values of two un- 
knowns we rexiuire two expiations, to find three 
unknowns we require three expiations, and so 
oil. ^ ^ 

Example 1, Solve the equations, 

4x-3y=16 (1) 

3x 2y ~ o (2) 

Ff»r the’ sake of reference it is convenient to 
number oiu* equations. 

Our object must be to form an equation, by 
the aid of (1) and (2), in which either the x or 
the ?/ is wanting. The process by which we dxi 
this is called eliminaUoiiy and the unknown 
quantity thus got rid of is said to be dimmated. 
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Suppose we eliminate y. In (1) the coefficient 
of y is 3, in (2) it is 2. The L.C.M. of these 
coefficients is 6. We can, therefore, by multi* 
plication, make G the coefficient of y in each 
equation. Hence, nmltiply (1) by 2, and (2) by 
3, and we get 

8a; - 6// 3G (3) 

9a; + Gy -= 15 (4) 

It is clear that if we now add the correspond- 
ing sides of the equations (3) and (4) we shall 
eliminate y. 

Thus, 

17 a; = 61. 

Therefore, dividing by 17, we have 
X ~ 3. 


We can eliminate x in a similar way from Wu; 
equations (I) and (2) and so obtain the value of 
j/. Or, knowing the value of a:, we can suhsii- 
lute this value fora; in cither (1) or (21, which is 
often a simpler elimination than the other. 
Substituting the value of a; in (1), we have 
12-3//- 18. 

Therefore^ 

3y - 12 - 18 
=: -G 


.so that, 


Thus, the re<]uired solution is a; - 
Plxample 2. Solve the otiuations 
i(a;~-l) - j (y-f 1). . 

5 7 


-2. 

. . (1) 

. . ( 2 ) 


We must first cleai* the fractions, as in Ex. 2, 
Art. 46 , and transpose the terms. Thus, 
Multiply (1) by 12, 

4a; — 4 ^ 3y -f- 3. 

Tlierefore, 

4.r-3//- 7. . • ♦ • . (3) 

Multiply (2) by 35. 

14a; -21 -\- lOy-Go - 0. 

Therefore, 

14a;-hl0y-8G (4) 

Wo now solve the equations (3) and (4) just 
a.s wo did Ex. 1 above. Multiply (3) by 10 and 
(4) by 3, and add. 

Then, 

40a; + 42x - 70 -I- 258 ; 


82a; 328. 

Therefore, 

a; — 4. 

Substitute this value in (3). 


Then, 

16«3y-7, 
-3y= - 


Therefore, 

. y= 3. 

We thus liave 





Example 8. 

Solve 


(b + c) x+ (h-c)y = 2ah, . . (1) 

a) x+{c-a)y -2ac. ... (2) 

We eliminate y in exactly the same manner 
u before. 


If wo multiply ( 1 ) by (c-a) and ( 2 ) by ( 6 -c) 
the coefficient of y will become (& — c) {c — a) in 
each case. 

Hence, multiply ( 1 ) by (c-a) and ( 2 ) by 
(b-c) and subtract. 

Then, 

{{b-h c) {c-a)-(c+ a) {b^c)} X— 2:th (c-a) 

— 2 flc (b - c). 

Therefore, 

{bn — ah f- — nr — be — a6 4- H- ac} x - 2nbc 

— 2 a“/> — 2abc -4 2ac'^. 

Collecling terms, 

2 {c^ - nb) X — 2(1 (c2 - ab)» 

Dividing by 2 (c- —nb)^ • 

x— a, 

. Substitute the value of in (1), 

Then, 

(6 4 c) a + (6 — c) y 2ab, 

Tlierefore, 

(6 - r) y— 2'd) - ab - ac, 

— a (b — c) 

Dividing by 6 — c, 

y^ a. 

Therefore, 

• a; — y - a Arts. 

Sometimes it is more convenient to solve for 

and — , as i 
V 

Example 4 . 


and — , as in tiio following, example ; 
X y 


A - _ 3 . 


... ( 1 ) 


— 4 — V 1. 

a; y 


.... ( 2 ) 

Mul(i[>ly (1) by 2, and add (2), then 
- - 6 4 1, 

10 


Ah- A 

X X 


Divide by 6, 


Therehire, 


2 . - 1. 

X 

X = - 2. 


Again, multiply (2) by 2, and subtract (1), 
then 

iP.-, A.2,.3. 


1.') 


-• 5, 


Divide by 5, 

Therefore, 
Solution is 


A i. 

y 

y = 3. 


* o An^. 
y =.3 / 

Beginners arc often confused by the equations 
being given in the following form. 
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Example 5. 

Solve 

3x + 

4y - 6 as a; - 

2y- 

= 5y - a; 4 16. 





Since 





• 3a;4 

4y - 6 

* a;- 

00 

1 

d) 

0^ 


we have 





2*+ 6y 

= — 

2. a • • • 

(1) 

and since 




X — 

2y-S 

= 6y 

— a; 4 16, 



2* - 7y 

= 24. 



(2) 


By solving (1) and (2) wo obtain a? = 5, 

y- - 2 . 

60. Let us now oon^ider three simultaneous 
equations of the first degree containing three 
unknown quantities, x, y, and 2 . In the same 
way as already explained, we can eliminate one 
of the unknowns, say 2 , from two of the equa- 
tions. Then, from one of these equations and 
the third equation, we oan also eliminate 2 . 
We thus obtain two equations containing only 
two unknowns, x and and these can be solved 
as in the last Article. 

Example 1. Solve the equations, 

2a; + 3y -h 2=7.'. . • . (1) 

3a;- y- 22= 3 (2) 

a? -f- y - 32 = (5 (3) 

Multiply (1) by 2, and add (2), then 

7a; -f* 6y=17. . . . . (4) 
Multiply (1) by 3, and add (3), then 

7a;-}-10y=27 (5) 

By solving (4) and (5) we obtain 
a;=l, y=2. 

Substitute those values in (1), tlicn 
2 -f- C-f 2 = 7 . 

Therefore, 

2=7-6-2=-1. 


Thus, the solution is 

a:=l, y=2, 2 =-! An^. 
Example 2. Solve the equations 



i + i = 5 (3) 

* y. 

Here, it is shorter to work as follows : 

Add the three equations, then 



or, 


i + i + i 

X y z 


= 9. 


( 4 ) 


Subtract (1) from (4), and we get 


Therefore, 




Similarly, subtaracting (2) and (3) in turn from 

(4), we get -i as 3, and -i- = 4, so that y » i, 

y * » 

2» 


• 

Solve the following equations, 

1. a? + y « S 3. 3a; - 4y 1 

a; - y = 2. 5a; + 3y — 21 

2. 2a; + y » 2 4 . 2a; 9 - 3y 

a;-2y=ll. 6y=:24-6ar. 

5. 2a; + 3y = 3a; -f- 2y = 25. 

ft 5 -I- a; _ 7 4- y _ 9-f a;-i-y 

o. ^ ^ . 


‘ 16 ^ 12 • 3 4 

^JL - - 1 * - y o ' 

2 6 *82“" 


•. -i - *? = 8 10. 2*- = 3 

xy y 

±+~=-l. »_iL+2 = 0. 

» y y _ 

11 . ax by — hx ay ^ a- -- b^. 

12. bx — ay 13. y -f 2 

tta; -f 6y = a- 4 - 6®. 2 -f a* = 6 

a; + y = 8. 


i4. 2a; - y4- 2 = - 4 
3a;4> y 4- 22 = - 2 
. a: 4* y 4 2 — ■ 1. 
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Answers to Algebra 

Examples 7 

1. a'=2. 2. a^-=--] 8 a’=-12. 

4. Multiply both sides by 6, obtaining 3a; — 6 

— 2a; - 8=5a; - 2, whence a;-= - 3. 

5. 3 (a-24-2a*4-l) 4 4 (x^--{Sx 4 9) 7 (a;2 

- 2a; X 1 ). Thoreforeba; - 24a; 4 14a;= - 3 - 36 4 7, 
giving X ~H. 

6. Multiply by 12. Then 0 (a;4i)-3 (3a; 
-])— 4 (r-J), so that 6a;-9.r ~4 .t= -3-^2 

- }. Therefore - 7a;= - and x=2. 

7. a--.l. 

8. .(a- 4 u 4 a; 4 6) (a; 4 a - a; - 6) «= (a - 6)* 
[Art. 34], or (2a; 4046 ) (a ~ 6) = (a - b)\ 
Divide both sides by (a -6). Then 2a; 4 046 
«=a - b. Whence x— - 6. 

9. Multiply both sides hy x. Then a + b 
tsscx ( 046 ). Divide both sides by (a 4 6 ), and 

we get l=ca;, or a;= — . 

c 

10 . Removing brackets, we have 

a;^-f 3aa;-43a*a;4a* ^ 

4a;®+36a;-^4362a;45® 

4a^43ca;^43c’a;4c»t=3a^»43a;®(a46 + c) . 

43a; (6c4ca4a5)43a5c.' 
Collecting terms, 3a; (a^-hb^+e^^bc-ca-ab) 
= ~(a^45*4c5-aa6c). 

Divide both sides by 3 (a*45*4ci* -oe-ea 
-05) and 1 (o+5-f c). h. J. iLLPORT 




THE MOST POWERFUL FORCES IN THE WORLD— FIRING THE GUNS OF A DREADNOUGHT 



HEN THE WHOLE TEN GUNS ARE FIRED ON SUCH A SHIP AS THIS THE EXPLOSION IS SO TERRIFIC THAT THE HEARING OP THE MEN IS IMPERILLED, AND MUST 
BE PROTECTED BY PACKING THE EARS WITH COTTON-WOOL. We are enabled to publish this fine photograph by courtesy of Messrs. Armstrong, Whitworth & Co. 
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Ideas Waiting for.ilie Inventors of the Future 
In the Developpent of Engines and Machinery 


THE FIEl6 of invention 


S OME of the surest paths td personal 
success, for men of ingenious mind, 
cross the broad fields of modeim invention. 
In the next hundred years a good many 
sources of power may be put to better use ; 
new sources may to some extent become 
available, and streams of energy now 
running to waste be harnessed in the 
service of man. Already some import- 
ant attempts have been made to utilise 
the direct heat of the sun in tropical 
countries with cloudless skies by means of a 
sun-plant, one of which is now working in 
Egypt. And the force of gravity, derived 
from the moon and applied to the sea 
against the force of earth gravity, is being 
used in a large way in a great tidal plant 
off the coast of Northern Germany. But 
the development of these sources of waste 
power in tropical sunlight, sea tides, and 
tidal rivers scarcely comes within the 
field of invention at the present day. 
Not until our present supplies of 
fuel are seriously exhausted, and our 
mechanism lor the transmission of power 
is greatly improved, will the exploitation 
of the direct heat of the sun and the daily 
surge of the tide become a necessity. 

Still more remote is the prospect of 
tapping the central, infinite store of energy 
in the universe — the electrical forces 
locked up in every atom of matter. Any 
stone by the wayside, it lias been said, 
contains sufficient electrical energy to 
light a town and drive its vehicles for a 
whole day and night, but it is possible 
that man may never find a means ol 
cheaply liberating and fully controlling 
the electric forces of the atom. 

Meanwhile, the inventor has a large 
field for the exercise of his genius in the 
problem of finding a good, cheap, and 
abundant substitute for petrol. Last 
year, in the United Kingdom alone, 
motor-cars used about a hundred million 
gallons of petrol, and it is reckoned that 
our road transport will soon consume 
annually 250 million gallons at least. 
What the demand will be in fifty years* 
time is incalculable. It is generally 


admitted that alcohol is the best substitute, 
and the first thing needed in connection 
with it is a method of rendering the 
spirit unfit for drinking without diminish- 
ing its explosive power or adding appreci- 
ably to its cost. 

A constantly good potato-crop for the 
production of alcohol on a large scale may 
soon become a commercial necessity in 
temperate climates, and it is quite probable 
that agricultural villages will be able to 
develop their industries by means of 
alcohol obtained from their own fields. 

Then in regard to oil-engines, there is a 
new source of power in various kinds of 
vegetable oil. When Dr. Diesel exhibited 
one of the first of his engines in Paris, some 
years ago, he ran it on a vegetable oil 
extracted from the arachis nut, which 
grows in the French territories in Northern 
Africa. It is quite likely that the use of 
vegetable oils ot this soit will increase, 
more especially for engines of the heavier 
and stationary type. 

There is a valuable source of fuel-oil, too, 
in the many deposits of cannel coal and 
shale, and a pi omising beginning has 
icccntly been made with a new process 
by which motor spirit can be produced 
from cannel coal at a cost of less than 
ijd. a gallon. It is reckoned that our 
country contains, in cannel coal and shale, 
more than 3600 million gallons of petrol ; 
and it this can be distilled by a fairly 
inexpensive process it will render us 
independent of foreign supplies, and free 
our motor traffic from the grip of the oil 
combines. Such methods ot distillation, 
however, will only provide our motor 
transport with fuel for a quarter ot a 
century, or less ; and for a continuous 
supply of spirit at a reasonable price we 
must look to advanced method':) of 
manufacturing alcohol from che^p and 
abundant vegetables. 

Oil and spirit fuel, however, are only 
useful in a small way. They are important 
in the lighter forms of transport and in 
the driving of small pieces ot machinery, 
by reason of their portable and handy 
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character. But for some hundreds of years 
the main work of the world will be done 
on coal, and what is most urgently needed 
at present is a more effectual method of 
utilising our largest so rce of power. 
The actual amount of useful work obtained 
from coal by the latest and best plant is 
only about 20 per cent, of its total latent 
energy. The other 80 per cent, is 
dissipated and wasted in places where it 
is not wanted. New kinds of engines are 
required in which coal or coal gas can be 
made to produce more work. 

There appear to be two directions 
in which the waste of energy can partly 
be prevented — the principle of the engine 
can be changed, or its manner of working 
be altered. The heat of the coal or of its gas 
can be applied in a more direct manner 
to the work of converting water into 
steam. This has the advantage of pro- 
viding man with a very convenient stream 
of power which can be controlled much 
better than the explosive force of gas. 
The gas-engine, on the other hand, is more 
powerful than the steam-engine in the sense 
that it will get more work out of the heat 
energy contained in a given amount of coal. 

But leaving for the moment the problem 
of the production of power from coal, 
there is ati important preliminary question 
of the economical transmission of power. 
Usually, the steam of a steam-engine, or 
the exploding gas of a gas-engine, uses 
its power in a cylinder with a piston. 
This cylinder is a sort of upright tube, in 
which the piston works with a straight 
up-and-down mijvement, and in most 
cases this straight movement has to be 
converted into a rotary motion of a crank 
shaft. A good deal of power is therefore 
lost ; for only at one point, when the crank 
and connecting rod are at right angles 
to each other, is the force working to the 
best advantage. When the crank and the 
connecting rod arc in line with each other 
at the top or bottom of the latter’s throw, 
no amount of force behind the piston can 
rotate the crank. This is why the steam- 
turbine, in which this wasteful trans- 
mission of power is avoided, has come 
largely into use. But though the steam- 
turbine is a wonderful success, it does not 
really satisfy the mechanical mind. There 
is a lack of positive force about it. To 
rotate a shaft and rotor by blowing high- 
pressure steam on to innumerable tiny 
vanes of the rotor seems a method on 
which some inventor should improve. 
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It would be preferable to trust to the 
steady pressure of steam, instead of getting 
work out of its mere impingement. So it 
is probable that the steam-turbine will be 
displaced by a rotary engine. The steam 
will be used in much the same way as it 
is in an ordinary steam-engine, but 
instead of the piston being impelled back- 
wards and forwards along a straight line, 
it will be driven in a circular movement. 

The steady pressure of the steam will 
be applied direct to a piston attached to 
the crank shaft, and the piston will work 
in a new kind of cylinder that gives it a 
circular path instead of a straight path. 
In this way the power will be applied 
directly and cheaply. Some rotary steam- 
engines of this kind have been constructed 
in recent times, and shown working appar- 
ently well, but none of them seems yet to 
have been developed into a practical 
success. In all probability the new kind 
of piston with a rotary path will first come 
into practical use in some explosive engine 
using petrol, alcohol, or other spirit. But 
it may be twenty years before the rotary 
engine comes into general use, and perhaps 
it w'ill be longer before the steam-engine 
with a direct circular movement appears 
as a rival to the steam-turbine. 

A continuous circular movement is re- 
quired in such things as valve mechanism, 
instead of the reciprocating movement 
that is still employed. Not only would 
the main parts of the engine be improved 
by a direct rotary motion, but the smaller 
mechanisms would be more effective if they 
were constructed on the rotary principle. 
Some engineers, indeed, think that recipro- 
cating movements on machinery may 
practically disappear in the next quarter of 
the century. If this is so, there is a fine 
opportunity for men with a mechanical 
turn of mind and inventive talent to work 
out the details of this feature of the 
rotary mechanism of the future. 

Still more important is the problem of 
using the heat from coal in a more econo- 
mical manner for the production of steam 
power and gas power. For many years 
inventors have been trying to design an 
efficient internal combustion steam-engine. 
Instead of putting a kettle on a fire, they 
want to put the fire inside the kettle and 
surround it with water, so that none of 
the heat will be wasted. Several inventors 
have constructed internal combustion 
steam-engines, but none of these has been 
efficient in actual use. And the general 



opinion now is that an engine of this kind 
is almost an impossibility. On the other 
hand, the recent invention of a new way of 
producing great heat by burning a mixture 
of gas and air on the surface of hard rock 
promises to be of high practical value in 
a new steam-engine. 

But the progress of the gas-engine is 
likely to make steam* power an antiquated 
source of working energy. It is probable 
that all steam-engines will be thrown on 
the scrap-heap in less than a hundred years. 
In the nearer future — say, from five to 
twenty years — we shall very likely sec 
coal used in internal combustion engines 
in a direct manner, without the inter- 
vention of a large gas-making plant. The 
heat of the coal will be converted into 
work in the engine itself, and no boiler 
or gas-producer will be required. 

Dr. Archibald Low’s engine is a very 
interesting example of this new coal- 
using explosive engine. The part accom- 
modating the coal is hardly any larger 
than the ordinary vapouriser on an oil- 
engine, and, instead of the coal being 
burnt to produce steam, it is convertecl 
into gas in the engine and then exploded 
in the cylinder. The task before the in- 
ventor in regard to this new kind of gas- 
engine, and in regard to all other engines 
using explosive mixtures, is to find a means 
of fully controlling the explosive forces. 
We require to make the explosions in the 
cylinder take place at what rate we 
choose. After all, explosion is only an 
exceedingly rapid burning of fuel, with, 
consequently, an exceedingly swift expan- 
sion of gases. 

Why, however, should we not burn 
our fuel at what rate we choose, instead 
of using it in a costly, troublesome, swift 
manner, when we want only a slow, 
steady combustion ? In the Diesel engine 
this much-desired control of the rate of 
combustion has been to some extent 
obtained, and there can be but little doubt 
that sooner or later the gas-engine will 
be improved in the same way as the oil- 
engine is being perfected ; and We shall 
get the combustion and expansion of the 
gases so modified that gas power will be 
inade to do better work, and some of the 
excessive waste of heat will be avoided. 
Now much of the heat of the too rapid 
explosion is not merely a waste, but a 
nuisance. To prevent damage, cold water 
has to be circulated over the heated parts. 
We %hall, however, have to wait many 
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years before the slow-combustion gas- 
engine, using coal in a direct manner, is 
developed into a general source of power. 
At the present time the problem of the 
four-stroke and the two-stroke explosive 
engine is engaging the immediate atten- 
tion of engineers. In nearly all motor- 
car engines, and indeed in most oil and 
gas engines, the work is done on the four- 
stroke principle. In four-stroke* engines 
a working explosion occurs in the cylinder 
only once in every four strokes of the 
piston. Thus the working impulses are 
comparatively far apart, and at slow speeds 
this tends to cause uneven running, espe- 
cially if only a single cylinder is used. 
That is the reason why most motor-car 
engines have at least four cylinders. 
Everything goes to show, however, that 
in the next five or six years the type of 
engine will be modified, so that each 
cylinder will give a w’orking stroke at every 
revolution of the crank shaft. The prin- 
ciple has already been applied to many 
motor-cycles, for the two-stroke type of 
engine gives smoother running, 

Later, the motor-car may use two of its 
wheels, and run only on two largo tyres 
with more safety than is now afforded by 
four wheels. For the balancing action 
of the gyroscope, which Mr. Louis Brennan 
lias for some years been using on his 
mono-rail, has recently been employed 
with success on a two-wheeled motor-car 
in London. Possibly all cars, in from 
twenty to fifty years' time, may be single- 
track, two-w heelers with large tyres. 
And by the time this is accomplished a 
new typo of railway will be in general use. 
Whether it will be some form of mono- 
rail, or a train suspended a few inches in 
the air and propelled like a flying machine 
by a propeller, is a matter of doubt. 

The toy flying train that M. Emile 
Bachelet has brought to England has 
excited the popular imagination, but it has 
yet to be proved that the cost of working 
such a train with full-sized passenger-cars, 
and of driving it against a gigantic wind- 
pressure, is not prohibitive. 

M. Bachelet lifts his train up by means 
of repulsive magnets, placed at short 
intervals along the track, and the cost of 
making these numerous magnets, keeping 
them in thorough repair, and supplying 
them with electricity may be far greater 
than the cost of running a mono-rail train 
with its easily worked gyroscopes. 

EDWARD WRIGHT 
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Climate, River Basins, Products, and To^ns of China. 
Manchuria and Mongolia. Turkestan and Tibet. 

THE CHINESE EMPIRE 


T he Chinese Empire (4,280,0)0 sq. miles) 
consisted of China proper and of Manchuria, 
Mongolia, Turkestan, and Tibet ; but Russia is 
encroaching on Mongolia, which has become 
independent, and in Northern Manchuria, while 
(Tapan controls Southern Manchuria. At present, 
China is governed by a dictator. 

China. This country lies on the eastern 
slope of the Central Asian highland region, and 
includes ths fertile alluvial lands made by the 
rivers which drain these highlands cast to the 
Ptwifici The largest are the Hwang-ho in North 
China, the Yang-tse-kiang in Central China, 
and the Si-kiang in South China. The western 
provinces are mountainous, but eastern China 
consists in large part of the fertile lowlands of 
these apd -Gjniallcr rivers, 

, Climate. Peking, the capital of China, 
situated hear its northern limit, is in the 
latitude of Southern Italy. Its mean annual 
temperature is that of London, though its 
summers are much hotter and its winters much 
colder. The winter climate of the northern half 
of China is made severe by the prevailing north- 
west winds from the highlands of Central Asia. 
The northern rivers are frozen in winter, and 
even Shanghai, in the latitude of Tripoli and 
Jerusalem, has severe winter frosts. The climate 
of. Southern China, which is crossed by the 
Tropic of Cancer, is tropical. 

China lies in the monsoon region, and the 
consequent regularity of the seasons early made 
agriculture important. The Chinese regard this 
as the most honourable of human occupations, 
and wisely so, for the prosperity of their teeming 
population depends wholly on the patient and 
laborious cultivation in which the Chinese excel. 
The crops raised are very various. In Northern 
China wheat and millet~^nc species taller than 
a man — arc the cereals. Rice is not grown north 
of the Tsingling Mountains, which separate the 
Hwang-ho and Yang-tse basins. Central China 
produces rice, tea, cotton, silk, and opium. 
Sugar, ^indigo, and spices arc grown in the 
tropical pi-ovinces of South China. 

‘ ^ny Chinese trees — the oak, maple, poplar — 
we £now, but others — the useful wax, tallow, 
soap, and varnish trees — are unfamiliar. The 
beauty of the azaleas and other flowering shrubs 
explains its title of the Flowery Land. 

The Yellow Lands of North China. 

The yellow or loess lands of North China are 
indescribably, feirtile. All that they require is a 
little fresh sprinkling of their own loam on the 
surface, and they bear crop after crop with un- 
diminisbed lertiUty. The origin of this fertile 
soil is very interesting. . In the course of many 
ages the winter gal^s have swept it down as 

niikAL, POLITICAL, A COMMERCIAL 


fine sand from the mountains and deserts of 
Central Asia, filling up the hollows and valleys 
of the old land surface, and gradually levelling 
it. In the process layer after layer of grass and 
other vegetation has been steadily but impercep- 
tibly buried. The decay of this has added 
fertilising substances to the soil, which has 
been rendered still more light and porous by 
the disappearance of. the buried ])lant8. Water 
sinks easily through such ground, dissolving the 
chemical substances present, and forming a kind 
of natural liquid manure. 

A Strange Country. This fertile, yellow 
soil has certain disadvantages. The rivers cut 
their channels deeper and deeper through the 
loose soil, and flow between lofty banks far 
below the surface level. Similarly, the roads sink 
deeper and deeper below the surface, forming at 
last mere cracks 8 ft. or 10 ft. broad, winding 
between walls of perhaps 100 ft. high. Seen from 
above, the country seems to be densely culti- 
vated, but uninhabited, for the dwellings are 
out of sight along the invisible roads. Irrigation 
would obviously be impossible, but, fortunately, 
the rain is ample for cultivation. 

The Hwang-ho Basin of North 
China. The Hwang-ho, or Yellow River, rises 
in the Kwcnlun Mountains, and cuts its way 
down in gorges easier to imagine than to 
describe. It makes a great bend along the 
base of the Alashan, and turns south through 
mountain defiles between the Chinese provinees 
Shensi and Shansi. The Wei comes in from the 
mountains of Kansu ])rovince, which extends 
far into the Central Asian highlands. In its 
lower fertile plain is Singan, estimated to have 
a million inhabitants. The main stream takes 
the direction of the Wei, and flows due east along 
the northern baat^ of the Tsingling Mountains, 
draining the lowlands of Pechili and Honan, 
between which the mountainous peninsula of 
Shantung, with the foreign settlements of 
Wei-hai-wei, and Kwei-chou, juts out into the 
Yellow Sea. Wheat and millet are the staple 
crop — a diet which makes the Northern China- 
man taller and hardier than the men of the rice- 
cating provinces. The province of Shansi is 
destined to become the Pennsylvania of Chinn. 
Inexhaustible deposits of coal and iron occur 
together, and the mountain rivers provide un- 
limited power for electrical and other industries, 
as well as for transport. 

China's Sorrow. The lower course of the 
Hwang-ho is over alluvial lands built up by 
the river itself. To prevent it from overflowing 
its banks when swollen by the melting snows of 
the lofty mountains of Central Asia, the river 
is embanked. This restrains it for a time, but in 
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the end the river triumphs. The sediment it 
carries must bo deposited somewhere; and if 
embankments prevent it from spreading this out 
over the surrounding land, it must drop it on its 
own bed, the level of which is consequently 
always rising. As it rises, the embankments 
rise, too, and thus the river is at last far above 
the level of the surrounding country. “ The 
dykes grow from mere walls into ranges of 
earthworks, like fortress sides, hundreds of miles 
long, and the effort overtaxcis tlie skill of the 
engineer 4ind the perseverance oven of Chinese 
labourers. When the Yellow River, gorged with 
water from the mountains till it forms a gigantic 
reservoir averaging a mile broad, from 300 to 
500 miles long, and 70 ft. deep, all suspended in 
the air by artificial supports, comes rushing 
down in autumn, the slightest weakness in these 
supports is fatal.” A tiny crack grows into a 
leak, the leak into a rent, the rent into a grc*at 
breach, and the whole volume of water pours 
down with immeasurable momentum over the 
populous plain below. 

“ The torrent, in its first and grandest rush, 
though throwing out rivers every moment at 
every incline of the land, had for its centre a 
stream 30 miles broad and 10 ft. deep, travelling 
at 20 miles an hour.” For two months the 
Hwang-Ho poured over the plains, nom* reaching 
the sea, and it is est imat-ed that 7,000,000 persons 
perished. At last the w’ater began to reach the 
sea, the great lake shrank to a riv^er, and the 
Hwang-ho had a new course. When this happens, 
<unbanking begins again, the new bed gradually 
rises into the air as did the old one, and in a 
generation or two the calamity repeats itself. 
For many centuries the Hwang-ho has been 
China's sorrow.” 

Peking. North of the Hwang-ho is Pechili, 
drained by the Pei-ho. Here the capital, Peking, 
with 1,300,000 inhabitants, is built in a sandy 
plain, not far from the southern mountains of 
Mongolia. It is a double city, (3iinese and 
Tatar, both massively walled. Within the Tatar 
city is the Imperial City, and within that, again, 
the Forbidden City, once the Imperial residence, 
and now the seat of the republican government. 
” With its broad stnuds and vjist, open spaces, 
Peking is more (Vntral Asian than Chinese in 
character, and its unpaved stn'cts are thronged 
by files of camels, bringing coal, wood, and otTier 
produce into the city.” It is rapidly being 
transformed, and is becoming a great railway 
centre. Tientsin, on the Pei-ho, is the port of 
Peking, and has about a million people. 

The Yang-tse Basin of Central 
China. The Yang-tse (3200 miles) rises in 
Tibet, its upper course being through mountain 
defiles in little-known country. It enters C^hina 
between the provinces of Sechwan and Yunnan, 
both mountainous, and its course across the 
former province is through gorges of groat 
beauty, but extremely difficult of navigation. 

The Red Lands of the Yang-tse. 

The red sandstone lands of the Yang-tse almost 
vie in fertility with the yellow lands of North 
China. Moisture is abtindant, and the hills are 
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terraced for cultivation from base to summit. 
Sechwan is the richest and most tropical province 
of Central China, producing tea, rice, silk, opium, 
rhubarb, and other drugs, varnish, soap, wax, 
tallow trees, coal, iron, salt, and other minerals. 
Chungking, built on heights where the Kialing 
‘ comes in from the north, is the commercial 
capital of the province. 

The Min Valley. The Min is remarkable 
for the masterly irrigation w'orks which have 
converted the Chengtu x>lain (2800 sq. miles), 
one of the few level areas of Sechwan, into the 
most highly cultivated and densely populated 
area of its size in the world. We see in- 
numerable water channels lined wdth tnx‘s, 
ohi(‘fly poplars, and farmhouses and residcmces 
so thickly stud the plain that they ai)pear almost 
continuous. Numerous fine temples and well- 
endowed monasteries surrounded by groves of 
tall forest trees and bamboo thickets are 
constantly in evidence, and the whole plain and 
the surrounding hills afford a pleasing contrast 
to the tree-d(*nuded sloi)es so common through- 
out China.” 

The Lower Yang-tse. At Ichang the 
Yang-tse loav^es its famous gorges. In tlu^ 
remaining OGO miles of its course, though it has 
some hills to j)ass through, it falls only 130 ft. 
Rich alluvial plains, once perhajjs old lakii 
basins, extend on either side, and are often 
flooded. Hankow, at the confiuence of the Han, 
the river of the' province of Hupeh, which 
produces cattle and liides, is lla? centre of 
water and railway communications. With a 
million inhabitants, it is destined to grow ra])idly 
and to be the (3ucago of (3una. Every kind of 
produce from the vast basin of the Yang-tvse is 
brought to its markels, and new industries and 
factoi’ies are constantly coming into existence. 
Much timber is tloated down to the Yang-tse by 
tributaries from the . mountainous province of 
Hunan, to the south, where much tea is grown. 
Kiangsi has similar products. Nganhwei grow^s 
excellent gretm tea, and contains some of the 
richest rice-lands in China. Kiangsu, the delta 
j)rovince of the Yang-tse, is a (ffiinese Holland, 
with innumerable canals and reclaimed meadow’s 
lying below sea level. The capital is Nanking. 
The delta is steadily growing seawards, and in a 
century or so Shanghai, the port of the Yang-tsts 
on a river connected with the delta, will be above 
tidal influence. In a geographical sense it is the 
New Orleans of China, but in importance it 
compares better with New York, as it is the 
commercial metropolis of China. It owes its 
prosperity to the wealth of the Yang-tse basin, 
which will increase enormously w%n its mineral 
resources are systematically exploited. 

Southern China. Between the basins of 
the Yang-tse and the Si-kiang, the great river 
of Southern China, are Ghe-kiang and Fukien, 
resembling the Yang-tse provinces in climate 
and products. Cho-kiang has been called a 
miniature Sechwan, with lower hills forested 
or cultivated to the summit. The chief port, 
Ningpo, in a rich rice-growing plain, surrounded 
by mountains, has flourishing cotton^fliills. 
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Hangchow is an old capita] of China. Fukien, 
also mountainous, produces the finest tea, 
shipped from Fuchow. Amoy, with a fine 
harbour, docs *an immense trade in tea. 

The Si-Kiang Basin. The Si rises in the 
Yunnan Mountains, cutting its way down 
in gorges and ravines. Together with its two 
tributaries it drains the three chief valleys of 
Southern China, which converge on Wuchow, 
now a treaty port. All the Si basin, which 
includes part of Yunnan and Kweichow and all 
Kwangsi and Kwangtung, is mountainous, 
forming part of the great descent from the 
Tibetan plateau. Along the river bottoms and 
in the fertile plains are grown the usual (Vnlral 
China crops, with others of a tropical character. 


so fertile. The western margin is formed 
by the Altai Mountains. Shut off by moun- 
tains from moist winds, remote from the sea, 
and lying high, Mongolia has .a dry and 
extreme climate. The waterless desert of Gobi 
in the centre of the plateau occupies about 
a quarter of its area. The rest is steppe, rich or 
poor according to locality, supporting a 
scanty population of Mongolian herdsmen 
and their camels, horses, and sheep. The most 
fertile part lies north of Kalgan, in Pechili, the 
gate of Mongolia, and extends along the north- 
ern margin, which is followed by the high-road 
to Kiakhta, Urga, and Siberia. 

T urkestan. This includes the rest of Chinese 
Central Asia (550,000 sq. miles) outside Tibet. 

Turkestan is crossed by 
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the lofty Tian-shan Moun- 
tains,separating Zungaria 
and the Hi basin in the 
north from Kashgara and 
the Tarim basin in the 
south. An explorer has ad- 
mirably described the re- 
gion: “Tf you could get 
a bird’s-eye view of Tur- 
kestan you w'ould see a 
great, bare desort, sur- 
rounded on three sides by 
barren mountains. At 
their bases you would sec 
vivid green spots showing 
out sharp and distinct like 
blots of green on a sepia 
picture.’' In the western 
end round Kashgar and 
Yarkand the cultivation 
is of greater extent, and 
more continuous than in 


The ports of Kwangsi produce cinnamon, mace, 
and other spices. Sugar and indigo and other 
tropical produce are grown in the fertile 
maritime province of Kwangtung. (-antoii, 
also with a million people, is the commercial 
centre of Southern China. The neighbouring 
island of Hong Kong is an important pivot 
of British influence in the Far East. 

Manchuria. Manchuria (365,000 sq. miles) 
is a steppe land backed by mountains. It is 
drained by the Amur and its tributary the 
Sungari. The climate is extreme. Its hot 
summers, monsoon summer rains, and rich 
black loam make it one of the granaries of tho 
world. Harbin, on the Sungari, mills 1,000,000 
lb. of flour a day. The surrounding region 
is one vast wheatficld. Southern Manchuria 
is drained by the Liao-ho. The capital is Muk- 
den. The "port of Manchuria is Niuchwang. 
As Manchuria is rich in minerals, furs, and 
timbers from its forests, l^iuchwang is rapidly 
becoming very important. Port Arthur, 
formerly Russian, is now Japanese. 

Mongolia, Tho plateau of Mongolia 
(1,100,000 sq. miles) has an elevation of 
3000 or 4000 ft. with mountains rising much 
higher. In the east the Khingan Moimtains 
separate^ it from Manchuria, intercepting the 
moist. Pacific winds which make Manchuria 


the eastern half, where tho oases arc small and 
sepjxrated from each other by 15 or 20 miles of 
desert. Both the towns named, and Khotan, 
further east, are on tributaries of the Tarim. 
The most important oasis of Zungaria is Kuldja 
on the Hi, which flows to Lake Balkash. 

Tibet. The plateau of Tibet (740,000 sq. 
miles) varies in elevation from 9000 to 
17,000 ft., the mountains rising some thou- 
sands of feet higher. It is enclosed between 
the Kwenliins and Himalayas, connected in the 
west with tho Pamirs. In tho east a series of 
little-known ranges, separated by the ravines 
of the Chinese and Indo-Chinese rivers, form 
steps in the descent to the Pacific. 

Northern Tibet is a desolate region crossed 
by parallel chains of lofty mountains, in- 
habited only in the height of summer, when 
wandering herdsmen drive their yaks to the 
mountain pastures. Settlement is confined 
to the south, chiefly to the Brahmaputra and 
its tributary valleys, where barley, peas, and 
even some stone fruits ripen. The winters are 
frightful in their inclemency. The keeping of 
yaks is the chief means of livelihood. The 
capital is Lhasa, long a forbidden city to 
Europeans, but occupied by the British in 1904« 
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Cone and Cylinder. Trianj(ular Prism. Square, Hexagonal and 
Octagonal Pyramids. Regular Polygons. Circle and Tangents. 

MODEL DRAWING AND GEOMETRY 


In this part wo shall oxplain how to draw conical 
* and cylindrical shaptul objects. It is necessary 
that groat attention should bo given to the very 
important principles undeilying the representation 
of the many thousands of such curved objects. 
More errors arc made by beginners in drawing them 
than i^erhaps in drawing any other shape's. 

The different appearances of a circle have already 
been explained [see 17 J, so now let us take a simple 
cone as our model. Tliis object, like all others, may 
have an intinito number of apparent shapes, some 
of which are shown in 139"'144. To understand the 
fundamental principles of drawing such an object, 
let us imagine there is a line, called Ihe a:riM of the 
object^ jiassing through the middle of the cone from 
the a]iex to the centre of the base [A B in 139]. and 
another line, CD, called the major axis of the, ellipse, 
along the surface of the base. It will b<^ noticed 
that these two lines are at right angles to each othc'i*, 
and they aheays a]ipear so, no matter in what 
position the cone may lie placed. [See 139 144.] 
From this we deduce th<'. following very important 
rule : The major axis of the ellipse, always appexirs to 
he at right angles to the axis of the object. This ndo 
holds good not only for the cone but for the 
cylinder and all other similar shaped objcicts, such 
a.s tumblers, llower-])ots, ])nils, jars, bottles, vases, 
barrels, etc. [See 145 -160.] 

The Cone. It is sometimes difficult to sec that 
this is so, but the student must endeavour to train 
his eye to see this fact by careful observation and 
comparison. It is ('sst'iitial to rememb(;r it as 
<;arefully as the rule that receding parallel lines 
appear to converge. A great help at this stage 
would be to get a cone (or, if this be unavailable, a 
large funnel would do), {»lac(^ it in such positions as 
indicated in 139-144, and endea>'our to s<.'e that the 
rul(< holds good always. 

Fig. 139 is a view of the cone when standing 
upright with its base below the eye level, but 140 
is the aj>pearance when the base A B is level with 
the eye. Here, again, the outline alonci does not 
represent the roundness of the c(»ne, but if it were 
shaded, as was done in 30, it would appear round. 
Fig. 141 is a view of the cone lying down, with it.s 
.apex turned away from the spi'ctator, while 142 is 
the apparent shape when tin; apex is towards him. 

Fig. 143 shows the a.p])caranco when the cone is 
tilted with the edge of the base resting on a hori- 
zontal plane, and the apex rai.sed and turned away 
from the observer. Notice how very much the 
length is foreshortened. Fig. 144 shows the cono 
lying down on a horizontal plane, with its apex 
pointing directly towards the student. In 142 and 
144, although tne base is turned away from view, 
yet we see more than half the ellipse. 

It is generally best to commence drawing the 
cone by fetching the straight lines CA, CB in 141 
and i48, noting carefully the slant of each ; then 
draw the axis CD of the object, which bisects' the 
angle BCA^ next determine the position of the 
point D, by observing what the apparent length of 


CD is, and aftcrward.s draw through J) the major 
axis KF of the ellipse perpend ievinr to CD, com- 
paring its length with CD. Then obtain the 
apparent length of the minor axis f///, thus obtain- 
ing the four ]>oints F, //, E, C, through which the 
ellipse sho\il(i be drawn. It must be notieetl that 
(Li. CB do not noeessarily intoisecit the ends of the 
major axi.s at K and F, but they are aUvays tangents 
to the cur re of the ellipse. 

The Cylinder. After all this ex]>lanation 
concerning the cone, the drawing of th<‘ cylinder 
should not give a great, dc'al of trouble. Tt. will be 
seen in 145 -150 that in ev^'ry case the major axes 
of the clli]>se.s are perpendicular to tluj axis of the 
objetd. iiut there is anoth(‘r very iniiioitant 
observation to be made, and that i.s: the ellipses 
at each end are not exactly of the same shape. 
With an opaque object this difTerence is ditHcult to 
realise : but if the student mak<'s a study of an 
object like that represented in 152 (whicli is con- 
structed of two circular and equal )»ieces of stiff 
cardboard, with their centres joined by a ])icco of 
w'OiMi or stiff wire, so that the eirek's are kept rigidly 
parallel to each other, and perpendicular to the 
W’ood or wire), he will easily be convineed, by 
measuring with the eye and a pencil, that the 
further eilip.so is apparently rounder, or more like a 
circle, than the nearer one is ; the major axis of the 
further ellipse is a little shorter than that of the 
nearer one, whiles the minor axis of the further eilipso 
is (within limits) kmger than that of the nearer one. 

Bogin to draw the cylinder by sketching the 
straight lines AB and OZ> [see 148], and, before 
doing so, three facts must be observed : First, 
what slant AB and CD make with the surrounding 
objects ; secondly, what distance apart they imist 
be in order to obtain the correct relative thickness 
of the cylinder ; and, thirdly, the right amount of 
convergeneo, since they recede. Nc’.xt draw the 
axis KF, and afterwards proceed as with the con(% 
but bearing in mind the apparent different sha]H's 
of the ellipses. The straight lines whifh are part 
of the drawing of the cone or cylinder do not 
represent edges, but the boundary between thi^ 
visible and the invisible portion of the curved 
surface of each object. This well illustrates how 
conventional outline drawing is. 

Fig. 145 is the appearance of the cylindiT in a 
vertical po.sition below the eye level. Notice the 
different distances from front to back of the top 
and bottom ellipses. Fig. 146 shows the view when 
upright, bnt the eye directly opposite point A. 
Fig. 147 is the rcj)resentation when the (ylirulcr is 
lying on a horizontal plane, and the eye is ilirccl ly 
opposite the left-hand edge. Fig. 148 gives th<? 
appearance wnen the object is lying in a horizontal 
plane but slanting away from the ol).scrv<!r. F’ig. 
149 is an end view with the length very much fore- 
shortened. Fig. 150, when resting on one edge, 
and the further end tilted up away from the student. 
In 151 is shown a very common error in drawing 
the cone when in the position shown in 141. It 
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139-154. A LESSON IN DRAWING THE CONE AND CYLINDER 


should be noticed that in 151 the major axis of the 
ellipse is not at right angles to the axis of the object, 
as it ought to bo. Fig. 153 is an incorrect drawing 
of the cylinder, and shows two common mistakes, 
viz., the major axes of the ellipses are not per- 
pendicular to the axis of the object, and the further 
ellipse is not wide enough. Fig. 153 ought to be 
drawn as in 148. In the wrong drawing [153] the 
major axes are vertical, and students may at first 
tUnk that they ought to be so, because the ends of 
the ^linder are really vortical planes ; hut it does 
not foUaw that, because the ends are vertical, the 
apparent l^est ems o/ ihe ellipse is vertical. The 
student will see that the apparent longest direction 
of the ellipse is slanting, as shpwn in IM. 

UrgKu Exerciippf. Good exercises at this 
stage would bo to maloe ^udlies of groups as shown 
in 154, and^ve most carelfui and Searchmg obsbrva- 
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tion to the proportion and 
perspective of the objects, in 
order to still further improve 
the power of seeing correctly. 
Do not forget the spaces. 

By this time the student 
ought to have made such 
progress in drawing rectangu- 
lar, conical, or cylindrical 
objects to be found among 
household utensils, and so 
forth — such, for instance, as 
155-160 — as to enable him to 
draw from much larger objects. 
It will help him if we discuss 
certain principles underlying 
the drawing of the triangular 
prism, square and polygonal 
pyramids. 

Several different views are 
shown in 161 to 166 of a 
jirism which has an equilateral 
triangle at each end. The 
student shouhl obtain one or 
two such prisms, or make 
them out of bits of cardboard, 
fastened at the edges by means 
of tape or paper. A convenient 
size would be about 12 in. or 
15 in. long, and edges of the 
triangular ends about 7 in. or 
8 in. Place the prisms in such 
positions as iiidicatcd in 161 
to 166, and study the apparent 
changes in the form of the 
efjuilateral triangle, the fore- 
shortening, in some views, of 
the long edges, and the direc- 
tion of the apparent con- 
vergence of certain 
edges. It is of little uso to 
examine only the representa- 
tions given in 16 1-1 W ; the 
student must train his eye to 
free, correctly the many apparent 
forms which an object takes. 

It will bo seen that when 
the prism is lying flat down 
on one of its oblong faces the 
apex A (although really verti- 
cally over the real centre D 
of the base BC) is only apjwi- 
rently so when the student 
is directly opposite the end, ^ 
as in 162. In 161, 163, and 
165 the apex A is apparently vertically over 
the iM>int D, which is not the apparent centre of the 
base BC, for the nearer real half CD in 161 and 163 
is apjmrently slightly longer than the further real 
half BD, ana in 165 BD is greater than X)(7. In 166 
the apex A is vertically under the pqjnt D, as the 
prism is supposed to be resting on an edge, with its 
upper oblong surface parallel to the ground. 
Beginners often make an incorrect drawing like 
that in 167, because they do not see the correct 
apparent position of the apex A with reference to 
the base BC. Of course, when the object is tilted, 
as in 161 and 165, the a^x A does not necessarily 
appear vertically above tne point D of the base BC ; 
when the prism is in such positions the apex may 
appear to be in an infimte' number of p&CM not 
vertically over /) ; and to determine these relative 
pbi^tons careful observation of the object must be 
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made. It should also bo noticed 
how varied aro the apparent 
lengths of the edges of the 
equilateral triangle and of the 
long edges of the prism. In 
163 the student should observe 
that tho base RC of the further 
end is apparently slightly 
longer than BV of tho nearer 
end ; this is only another 
example of what was men- 
tioned concerning the further 
>^nd of tho cylinder fseo 152J. 

Great attention should he given 
to tho direction of apparently 
converging edges, although no 
errors should bo made if tho 
student remembers that re- 
ceding parallel edges always 
appear to converge in the 
direction they go from him, 
whether upwards or down- 
wards from him, or right and 
left away from him. 

The Square and Other 
Pyramids. Wo will next 
examine the square pyramid, 
of which several correct repre- 
sentations aro given in 168- 
175, hut 176 is iiieorrect, aud 
shows a very coiuiuon error 
made by beginners, who forget , 
or do not observe, that, when 
tho object is standing on its 
base, tho axis AR of tho 
pyramid ought to bo v*rticn]f 
and therefore also tho apex 
A vcrticalhf over tho centre B 
of tho base, as in 168, 169, and 
175. Tho triangular faces of 
the pyramid vary infinitely in 
their apparent forms, es])eoially 
when the object is lying down 
on a triangular face, or when 
tilted as in 170-174 ; and to 
obtain a tnio drawing tho 
student must exercise his per- 
ceptive powers most carefully. 

In 175 wo have a view of the 
pyramid with its axis vertical, 
and the object above the eye 
level ; this shows bow a sfiire or 
turret might appear on a 
building. Some spires and 
turrets aro similar in construction to a hexagonal apply equally to all polygons, but in j)articular 

or octagonal pyramid, as shown in 177 and 178, polygons tho special methotl is sometimes shoiti r 

which ai*o all representations of vertical positions of and mf»re accurate, as in 189 -191, and 196-198. 

these pyramids, 177 and 181 being the appearaneo llemomlMT tho following important facts con- 

when below the eye level, 178 when the base is just cerniiig regular polygons. 

on the eye level, and 179, IM, and 182 when above i. Lim^s wliich bw^t the angles of regular poly- 
tho level of the eye. In all of these [177-182]. it gons meet in one point, which is the C(‘ntro of the 

will bo seen that the axis AR and tho apex A arc figure, and they divide tho polygon into a number 

again vertically above the centre B of tho base. of equal triangIo.s. In th<^ lu^xagon thes^^ arr^ 

Tho position of this centre may bo ea.silv found by equilateral [189 J, but in all other regular polygons 

<irawing diagonal lines, as indicateil by dotted linos they are isosceles [191-1921. 

on the ba8o.s of 177-182. ii. The centre of the polygon is tho same as that 

Tho student should now be prepared to make of the circle to which the sides of the ixilygon are 
studies of objects such as 183-185. tangent (tho inscribed circle) and also of the 

circumscribed circle which passes through the 
P^A^OTIOi^iLr GEOMCTR.Y angular points [see 187-194f]» 

Kegular Polygons. There are general and iii. The sum of all the interior angles of a regular 
special methods of constructing these polygon.^. polygon plus four right angles is equal to twice 
The general methods, as in 187, 188, and 193-195, as many right angles as the figure has sides 
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thus, 360® -2- 6 = 72®* 
Therefore, make the angle 
BAG = 72®. Join BC, whfch 
is one side of the pentagon* 
Sot off BC round the circle, 
and join the points as shown. 

189. To Inscribb a Bsou- 
LAR HeXAOOK in A GlVEN 
Circle (Special Method). 
Drawn any diameter A B. With 
centres A and and radius 
equal to that of the circle, cut 
the circle in 1, 2, 3, and 4. Join 
the x>oints as shown. 

190. To Inscribe a Rbou- 

LAR DUODECAOON IN A GIVEN 
Circle (Special Method). Draw 
two diameters AB and CD 
psrpendicular to each other. 
With centres A, t\ and D, 
and radius equal to that of the 
circle, describe arcs cutting the 
circumference of the circle. 
Join tho twclv^o points as 
shown. 

191. To Inscribe a Regu- 
lar Octagon in a Given 
Circle (Spcchil Method). 
Draw two diamettirs AB and 
CD as in 190. Bisect each 
(piadrant thus formed, cutting 
tho circumference as shown. 
.Join tho eight points thus 
obtained. 

192. To Describe any 
Regular Polygon About a 
Given Circle (General 
Method). Divide the circum- 
ference into as many equal 
parts as tho figure is to have 
sides (say, five for a pentagon). 
From the centre C draw lines 
tlirough each point. Draw AB^ 
one of the sides of tho inscribed 
pentagon. Bisect AB by tho 
p*erpendicular CD^ cutting the 
circumference in I). Through 
D draw the tangent EF parallel 
to ABf cutting CE in E, and 
CF in F. Make C(l GH, and 
CK each equal to CE or CF, 
.Join F, 0, //, K, and E as 
shown. 

193. On a Given Line AB 
TO Construct any Regular 
Polygon (General Method). 


[Euo. L, 32. J This affords a ready method of con- 
structing any regular polygon by means of tho pro- 
tractor, as in 196, when tho side is given — a fact 
made use of in surveying. 

187. In a Given Circle, to Inscribe any 
Regular Polygon (Apj^jroximate Method). Draw 
the diameter AB and divide it into the same number 
of equal parts os the figure has sides (say, five). With 
A and B as centres, and AB as radius, make arcs 
intersecting at C, From C draw CD, always through 
the second division on AB, cutting the circle in D. 
Join AD, which is one side of the pntagon 
required. Set off AD round circle and join points 
as shown. 

188. Another Method. Draw any radius 
AB. At the centre make an angle with AB 
equal to 360® divided bjr .the number of sides of the 

Regular polji|;on required ; say, a pentagon. 


Produce AB, and with centre B and radius BA 
describe a semicircle, and divide it into the same 
number of equal parts as tho figure has sides (roy, 
five). Join B with 2. Bisect AB and if2 by lines 
intersecting at D. With D as centre and radius 
DA or DS, or D2, describe a circle.^ Set off AF 
and FE each equal to AB, Join tho points thus 
obtained. 

Note. In this construction great care is required 
in dividing the semicircle correctly, which may be 
done with the protractor. As there are 180® in a 
semi-circle, divide 180® by tho number of sides tho 
polygon will have ; thus, 180® -4-58=36®. Then make 
the angle CBl equal to 36®, and mark off Cl round 
the semicircle as shown. The semicircle may be 
divided into four equal parts with tho 45® set- 
square, and into three equal parts with the 60® set- 
square. . 
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194. Another General 
Method. Bisect AB by the 
perpendicular CD, Make CB 
equal to AG or BG, With 
centre B and radius BA 
descrilMj an arc cutting Cl) in 
E. E and F are respc‘ctively 
the centixis of circles belonging 
to the square and hexagon. 

Bisect EF in G, With centre 
0 and GA or GB as radius, 
describe a circle, and set off 
AB round it. Join the points, 
and ABM NO is the pentagon 
required. By making <i 7, 7 8, 

8 9, etc., each equal to 4 5 or !j d, 
wo obtain centres for the luip- 
tagon, octagon, etc., as shown. 

196. Another General 
Method, by Usino the 
Protractor. The number of 
degrees in each angle of a 
regular polygon may bo found 
as follows.: From twice as many 
right anglejt as the Jigure has 
sides, subtract Jour right angles, 
and divide the remainder by 
the number of angles in the 
figure. [Paragraph iii.] Sup- 
pose a regular pentagon be 
required. As it has liv(5 sides, 
from ten right angles deduct 
four, and the remainder is six 
right angles. Then (90"^ x 0) 

5 .540° 5 ^ 108°. At A 

and B mako angles of 108°. 

Make AE and BO each e<pial 
to AB, With E and C as 
centres and A B as radius mako 
arcs intersecting at JK .loin 
the points as shown. For a 
nonagon the angle would bo 
found thus : From eighteen 
right angles deduct four, 
leaving fourteen right angles. 

Then (90° x 4) -j-9 v -* 1200° -h 
9-^140°. 

198. To Inscribe an Octa- 

gon IN A Given Square 
ABGD. Draw the diagonals 
AG and BD, With centres 
A, B, G, and D, and radius 
AE (half the diagonal), describe 
arcs cutting the sides of the 
square in F, (?, H, K, L, M, lY, 
and 0, Join FG, HK, LM, and 
NO, Then FGHKLMNO is the required octagon. The definitions of a circle, diamet(;r, radius, 

199. To Construct any Regular Polygon, tangent, etc., have already been given in tlui 

HAVING THE DIAMETER AB GIVEN. Through A Dictionary of Terms Used in Geometry (page 2407), 
draw CD perpendicular to AB, Take any convenient but the following facts should also be known : 

distance Ac, and make Ad equal to it. Upon cd j. 'J'he circumference of a circle is nearly J J -7th, 
construct, say, a regular pentagon edehf. From A or, more accurately 3'141«59, times its diamefer. 

d«iw lines through e and f. From B draw BE and Archimedes discovered that the ratio lies lH‘tw(*('ii 
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BF respectively, parallel to he and hf. And from E 
and F draw Eu and FG parallel to ed and fc. Then 
GDEBF is the required pentagon. 

It should be noted that the diameter divides 
the polygon into two equal parts. In a polygon with 
an equal number of sides, the diameter passes through 
the centre, and is terminated at the middle points 
of two opposite and parallel sides, as DE in 196 ; 
but in a ^lygon with an odd number of sides it 
pluses through tho centre from one angle to the 
middle point of the opposite sid^, as A B in 199. 


ii. A straight lino which bi.sect.s a (diord of a 
circle at right angles passes through tho centre 
of the circle. [Euc. III., 1, Corollary, j 

iii. The straight line which is drawn at right 
angles to the diameter of a circle, from its extremity, 
is a tangent. [Euc. III., 10, Corollary.] 

iv. Tho angle in a semicircle is a right angle* 
fEuc. III., 31.] 
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2C0. To D£ijC^RlB£ A ClKCLE PASSING THROUGH 
Three Given Points, A, B, and C. Join AB 
and BC* Bisect each by the perpendiculars inter- 
secting at Z). With I) as centre, and DA or DB or 
DC as radius, describe the circle required. 

This problem shows how the centre of a circle 
may bo found by assuming any three points in its 
circumferonco, how to describe a circle about a 
given triangle, and how to describe an arc equal to a 
given are with the same radius. 

201. To Draw a Tangent to a Circle Through 
A Given Point, .4, in its Circumference. Find the 
centre B and draw the radius BA, and produce it to 
G. Make AC e^al to ^ID (anv convenient distance). 
With centres C and D, and any radius, describe 
arcs intersecting at.^. Draw AE, the required 
tangent. 

202vTo Dkuw a Tangent to a CiiicLB Through 
A GiviiM?^PoiNT» A, Without it. Find the centre 
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B of the oirole, draw BA, and 
bisect it in C, With C as 
centre, and CA as radius, 
describe a semicircle, cutting 
the circle in D. Draw AD the 
required tangent (Euc. III., 31). 
By describing a semicircle on 
the other si& of AB, another 
tangent may be drawn. 

203. To Draw a Tangent 
to an Arc from a Given 
Point, A, in it, when the 
Centre op the Circle is In- 
accessible. With A as centre 
and any convenient radius, 
describe a circle cutting the 
arc in B and C. With B and 
C as centres and any con* 
venient radius, describe arcs 
intersecting in D and E, Draw 
DE. At A draw the tangent 
AF perpendicular to DE. 

204. To Draw Two Tan- 
gents TO A Circle to Meet 
AT A Given Angle (say, 66**). 
From the centre .^4 draw any 
straight line AB. At any con- 
venient point, C in AB, make 
an angle on each side oi A B 
equal to halj the given angle, 
66°. From A draw AD and 
AE perpendicular to CD and 
CE respectively, and cut- 
ting the circle in F and G. 
Through F and 0 draw FH 
parallel to CD, and 01/ parallel 
to CE. 

206. To Draw a Tangent 
Common to Two Equal 
Circles. First, for rjrierior 
tangent. Join the centres A and 
B. At A and B erect perpen- 
diculars AC and BD to the 
lino AB. Draw the tangent 
through C and D. 

• Second, for interior tangent. 
Bisect AB in E. Upon AE 
describe a semicircle, cutting 
one circle in F. Join AF, and 
through B draw BO parallel to 
A F. Draw the tangent through 
FG. Anothcjr interior and ex- 
terior tangent may bo drawn, 
as indicated by dotted lines 
in 205. 

208. To Draw an Exterior Tangent to 
Two Unequal Circles. Join the centres A and B, 
and upon AB describe a semicircle. Mark off 
DE equal to AC. With B as centre, and radius 
BE (the di^erence, of the radii of the given circles), 
describe an arc cutting the semicircle in F. Through 
F draw BO, and through A draw AD parallel to BO. 
Draw the tangent HO through H and G. 

207. To Draw an Interior Tangent to Two 
Unequal Circles. Join the centres A and B, 
and describe a semicircle upon AB. Mark off ED 
equal to the radius AF of the small circle. With 
centre B and radius BD (the sum of the radii of 
the two given circles), describe an arc to out the 
semicircle in 0. Draw BO, cutting the large circle's 
oiroumference in H, and through A draw AK (on 
the other side of AB) parallel to BO. Through HK 
draw the tangent requu^. Another could bo drawn 
in this and problem 206 if the semicircle is described 
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on tho other side of the line 
joining the centres, and pro- 
ceeding as above. 

208. To Inscbibe in a 
Givbn Anolb, ABC, a Circle 
OF Given Radius (say, *4 in.). 
Bisect the angle ABU 'hy tho 
line BD, and draw EF parallel 
to BC and *4 in. from it, in- 
tersecting BD in O. With 0 
as centre and radius *4 in., 
describe the circle touching tho 
sides of tho. angle in i/'and 
K, The points of contact are 
found by drawing from O, GK, 
and GH perpendicular to BC 
and BA respectively. 

209. To Describe a Circle 
Passing Through a Fixed 
Point D, and Touching a 
Given Straight Link AB in a 
Fixed Point G. Join CD and 
bisect it by tho perpendicular 
EF. Through C draw CG 
])erpcndieular to AB, and 
cutting EF in G. With G as 
( entre, and radius OC, describe 
the required circle. 

210. To Describe a Circle 
Tangent to a Given Straight 
Line AB and Passing 
Thhoihjh Two Fixed Points 
C and D without the Line. 
Join CD, and produce tho lino 
to cut AB in E, and make EF 
equal to EC. Bisect DF in O, 
and draw a semicircle on DF 
with ratlins GF. At E erect a 
pcrpemlicular to DF cutting 
tho scmicindo in H. Mark off 
EK from E on EA e((ual to 
Eli. At K erect a perpendicular 
KL, and bisect CD in M by the 
perpendicular LM, which also 
cuts KL ill L. With L as 
centre and radius LK draw the 
required circle. When AB 
is not parallel to CD, two circles 
can bo drawn as shown. 

211. To Describe a Circus 
Tangent to a Given Strakhit 
Line -JR, and Pas.sing 
Through Two Fixed Points 



G AND D, WHICH ARE Equt- 202-216. practical geometry: circles and tangents 

DISTANT FROM THE GiVEN LiNE. 


Join CD and bisoc;t the line in F hy FE cutting A B in E. 
Join CE or 1)E, and bisect it by GII cutting EF in G. 
With G as centre and radius GO describe the circle. 

212. To Draw a Circle Passing Through 
A Given Point C, touching a Given Stbaicjht 
Line AB, and having a Given Radius (say, J in.). 
Draw a line EF parallel to A B and J in. from it. 
With centre C and radius of j in. intersect EF in G. 
With centre O and radius GC describe the cir.l(‘. 

218. To DEscRihE A Circle of a Given Radius 
EF, TO Touch Two Converging Lines AB and 
CD. At a distance equal to EF draw parallels to AB 
and CD intersecting at Q, the centre required. 

214. To Describe a Circuc Touching Three 
Given Straight Lines, AB, BC, and CD, wgitch 
Make angles with Each Other. Bisect tho 
Mgle DOB by the lino CE, and the angle CBA by the 
line BF intersecting CE in O. From 0 draw perpen- 
dicular^^ to the th^ given lines, then either per- 


pendicular is the radius of the required circle. 

215. To Describe a Circle which shall 
Tough Two Given Conver<5IN(j Lines AB and 
AC, AND Pass Through a fixed Point D Between 
Them. Bisect the angle BAG by the lino AE. Join 
D with A. From any point F in AE draw FG 
perpendicular to A C, and describe a circle touching 
AB and A(\ and cutting AD in //. Join FII, and 
through D draw DK parallel to II F, cutting AE 
in K, which is tho centre of the require<l cirek*. 

216. To De.s(’ribe Two or More Circles 

Touching Kach Other and Two Converging 
Lines AB and AC. Bisect the angle BAG by the 
lino AD. From any point E in AD draw a perpen- 
dicular to A B. With E as centre and EF as radius 
describe tho circle touching AB and AC. Draw HK 
tangential to the circle. Make KL equal to KF, and 
at L erect a perpendicular to AC, cutting AD in M, 
the centre of tho next circle. COPE 
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CROUP 4-PHYSIOLOaY A HEALTH »THE BODY & ITS MAINTENANCE-CHAPTER 21 

How Much Food a Man Should Take. The Risks of Underfeeding 
and Excess. The Best Foods. A Weil-varfed Diet Necessary. 

THE MOST REASONABLE DIET 

W E have studied in the last chapter the man hs^ no breakfast at all. It is natural and 
chemical constituents of food, and have right that, exercise and fresh air should increase 
seen in what proportions they ought to be con- a man's consumption of food ; his tissues con-' 
sumed. But we find in actual life vast differences sume more food-energy to provide for more 
in the amount and character of food taken by work and heat, and he has to consume more 
different people, and often it is very difficult food to refund the expenditure, l^ikewise it is 
to discover any corresponding differences in natural and right that a man living a sedentary 
health. A man is sure to die if he attempts to life in a stuffy office should reduce the fuel-yalue 
live on sugar and sago and suet ; he is sure to of his food, since he is expending little muscular 
die if he allows himself food of only 600 calories energy and has his bodily heat well conserved, 
fuel- value ; but one knows that men may live It is quite right, too, that one man should 
on dates and milk, or on minced meat and hot naturally require food of 4000 calories value, and 
water, or on crusts and butter, and on nothing another man food of 1600 calories value, 
but vegetable, and yet apparently flourish. Wo Incurred through Underfeed- 

know that the Scotch uswl to live mainly on i^g. But there are limits that cannot bo passed 
oatmeal, and the Irish mainly on potatoes ; we .without detriment and danger. If a man whose 
know that various Orienta ijeoples live mainly digestive organs and tissue cells are capable of 
on nee, and yet we hnd all those nations appa- b„iidi„g „p daily 3000 calories of energy, by 
rcnlly quite healthy. choice or necessity reduces his diet till it is 

Man's Adaptability in Feeding, down to 2000 calorics in fuel-value, he may 
That is quite true ; man is a most adaptable seem quite healthy, but his health, judged as 
animal. But for some adaptations he has to energy, is impaired. He is not making so much 
pay a big price; and though Nature allows him heat as he did, his organs and muscles arc com- 
a great deal of roi)e, yet if he take too much pellod by his parsimony to do less work. The 
he is sure to hang himself. Further, there are fires of his life, from lack of fuel, bum low. For 
some liberties that seem small that he is not a time perhaps his energy may seem as great 
permitted to take, and there are some rules as ever, but, if so, he is living on his reserves, 
that seem unreasonable that he is not allowed and is on the way to bankniptcy. If he reduce 
to break. Ho may live on butter and beans, his supply of protein to belo\v twenty grams 
and not seem much the worse for it, but,’ as a day, or the total caloric value of his food to 
we have said, if he attempt to live on suet and below 1000, he will weaken and waste away, 
sugar it will soon be time for an obituary notice. These facts with regard to extreme variations 
He may managf' to get along without beef, but are certain. The only question is whether a 
if he (lecline to eit fresh fruit and vegetables man should oat only as much food as heat and 
he will fall a victim to scurvy. He may reduce energy demand, or whether it is better and 
the fuel- value of his food" to perhaps 1200 safer to eat rather more. Chittenden's experi- 
calorics, but if he halve that quantity he must ments and the teaching of Hr. Keith have Uxl 
steadily waste away. many to believe that mental and physical 

We do not deny that man may live on very efficiency are increased by a reduction of protein 
different dietaries ; we merely wish to find out and of the caloric value of food to a point 
so far as possible what variations are impos- where it almost exactly balances the body’s 
Bible, and what variations are pernicious, and expenditure in heat and work. Without making 
what quantity and quality of food are best. experiments in a calorimeter, it is difficult to 

How Much Food a Man Should know what a manV normal expen^ture of heat 
Take. Let us first consider in a general way if begin cutting down a 

the question of tho guantity of food good for a 

man. The quantity of food which men consume P''®'}®? and wo may diimmsh hw 

varies with individuals, and varies with ciroum- almost without knowing it. No doubt 

stances. One day a man is taUng exercise on a reduction in food, especially in the esse of 
the hills, and eats tremendous m^ls ; another over-eat, leads to a feeling of 

day he is in a stuffy office, and eats very little. b«oy»ncy and freshness, but tffis feeling is 

One day it is hot weather, and he takes a lamb ^ , ***® 

cutlet and some lettuce ; another day it is cold, is the last to suffer from sta^ation, and 

and he tackles an Irish stew, and makes a big often fed at the expense of the other tissues, 

hole in a suet-pudding. One man is naturally Wiser to Eat a Little Too Much 

a big eater, and has porridge, and fish, and than Not Enough. Professor Chittenden's 
baoon and eggs* ctnd various other things for experiments were not conclusive, and it is prob- 
breakfast ; another man has only an egg and able that one can enjoy quite as inuch health 

a bit of toast for breakfast ; and yet another and vigour when one eats more than the body 

THIS. SROUP EMBRACES ANATOMY, PHYSIOLOCY, AND HYGlENf* 
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requires, ns when one gives the body its pound 
of flesh and no more. The craze for reducing 
food to a minimum and protein to a minimum 
is not to be encouraged, and if a man be doing 
a great deal of muscular work he will be wise 
to eat heartily of sugar and carbohydrates, and 
not stint liimself of protein. 

It is often pointed out that Orientals do heavy 
work on very light diet, but it must bo re- 
membered that we do not live in an Oriental 
climate, and that the greater part of the food 
we eat goes to maintain bodily heat. It must 
also be remembered that Orientals have, as a 
rule, much less bulky muscles than Europeans. 

Wheat -Eaters Rule the World. 
For hundreds of years the Japanese have 
been small eaters, and their intake of protein 
has probably been quite down to the Chittenden 
(50 grams per day, but it is interesting to note 
that coincident with their recent rapid progress 
in civilisation hasjbecn an increase in the protein 
of their dietary. ''The Japanese soldier, indeed, 
is now given 160 grams of protein in his diet, 
which, considering his small stature, is about 
three times the Chittenden allowance. Protein 
seems to have a stimulating effect on the nervous 
system, and to conduce in some way to the 
production of heat and work. At the present 
moment it is the wheat-eaters and meat-eaters 
that rule the world ; and though there may bo 
some doubt which is cause and which effect, it 
is probable that a plentiful diet rich in protein 
has stimulated the mental and mubcular activi- 
ties of the ruling races. 

Nor must it be forgotten that food has its 
effect on the character. A well-fed man is 
usually a genial man, and a man is usually 
most generous and kindly, most pleased with 
himself and the world, after a good meal. As the 
proverb has it, “A hungry man is an angry 
man,” and those whose diet supplies them with 
sufficient calories merely for the bare necessities 
of the body will have little heat to sijare to 
warm their hearts. 


It is very possible, too, that underfeeding 
renders people more susceptible to various 
diseases, such as consumption, and that a 
moderate excess stimulates the production of 
the substances in the blood that resist the 
microbio diseases. A little fat both adds to 
beauty and serves as a reserve store of energy, 
and Nature meant that women especially should 
have a reserve store of energy with a view to the 
extra expenditure required by the physiological 
processes of child-bearing and child-nursing. 
All the muscles, be it noted, that have constant 
work to do have fat between their fibres. The 
diaphragm, for instance, has plent}' of fat, and 
the heart muscle has generally a sufficient store 
of it to keep the heart going for five or six hours. 

The best rule, then, w'ould seem to be to take 
plenty of protein, and to cat rather too much 
than too little. 

A little Too Much, but not Excess, 

But while wo advise a margin w'o do not ad\ iso 
too large a margin. We find that the brickmakers 
in America, who do heavy work and earn big 
wages, consume food of the fuel value of no less 
i han 8848 calories daily ; while miners in 
America, doing quite as heavy work, consume 
only half as much. We find that American 
students oat twice as much as Japanese students. 
Wo find students living sedentary lives who 
eat enough food to fit them for navvy work. 
Wo find rich idlers, who toil not, neither do they 
spin, consuming meals of a food- value of perhaps 
7000 calories. A certain margin may make for 
toifiperamental warmth, for initiative, for 
resistance to the diseases of low nutrition; a 
certain margin may lead to a sense of well-being, 
but when a man eats about 30 or 60 or 100 per 
cent, more food than ho requires for heat and 
work purposes, ho is not only guilty of greed 
and of self-indulgence and wosto, but ho is 
guilty of a crime against the laws of health. 
{Such excess reduces both physical and mental 
energy, and leads to ueposits of fat that still 
further diminish tho working power of a man. 
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GROUP 4— HKALTH 

Wc all know how a heavy meal produces cir- 
culator and chemical changes that render a 
man, for the time beins, sleepy, or at least 
disinclined for any mental or physical exertion ; 
and just as some people are always more or less 
under the influence of liquor, so some people arc 
always more or less under the influence of food. 
Fat accumulates under the skin, and. preventing 
quick radiation of heat, interferes with the 
combustion processes of life ; it also accumulates 
round the heart, and hampers its movements. 

The notion is pretty widespread that food 
makes strength, and that the more a man cats 
the stronger he will become ; but a consumption 
of food mmh exceeding the needs of the body 
inevitably leads to a reduction in energy, and 
sometimes to disease and premature old age. 
Many people, without being gluttons, habitually 
ovcr-eat without suspecting that they are doing 
so, and a little fasting or a curtailment in diet 
greatly increases their vigour and energy. No 
doubt this fact has sometimes led to extremes of 
teaching and practice. 

Brain-Workers Must Not Over-Eat. 

Brain-workers require less fuel than manual 
labourers, both because nerve work means less 
breakdown of tissue than muscle work, and 
because usually this mode of life conserves their 
bodily heat ; and it is brain- workers in particular 
who should be careful not to over-cat, since 
brain activity is specially diminished by too 
much food. True, we all know intellectual men 
who cat too much, and are too corpulent, and 
who yet get through an immense amount of 
work, but even they would probably bo happier 
and healthier if they ate less. 

To say how much food any particular in- 
dividual should eat is almost impossible, for the 
amount of food depends largely on his capacity 
for building up food and using it as energy. One 
man may bo able to utilise food of the fuel- 
value of 4000 calories ; another man' may not be 
able to utilise half that amount. Each man, 
starting with a few elementary facts — that ho 
must have protein, and that over-eating and 
under-eating arc both unhealthy — must find for 
himself the amount of food that keeps him in 
best health ; that is, that gives him most energy. 
So much for quantity. Now let us look in a 
general way at quality. 

Quality of Food. There are many kinds of 
flesh, many kinds of grain, many kinds of fruit. 
What articles of food are best to consume ? 
That wo cannot say. There seems, as we said 
before, to be little doubt that wo should have 
proteins, and fats, and carbohydrates in our 
food, but which proteins, and which fats, and 
which carbohydrates, dietetic science does not 
pretend to be able to say. That there are 
subtle and possibly important differences in 
proteins, and fats, and carbohydrates seems 
certain, but which are best and which worst we 
do not know, though there are dietetic schools 
that claim to know a great deal. There is one 
dietetic school, for instance, that claims we 
should .get all our protein from nuts and milk ; 
and anther school, equally energetic, that thinks 
wc should get it all from vegetables. 
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We come of arboreal ancestors, it has been 
said, and therefore nuts are our natural food, 
but it might bo retorted that if wo come of 
arboreal ancestors we ought to live in trees. 

Animal Protein Probably Beat. On 
the whole, recent science has rather tended to 
controvert vegetarianism. Though it has been 
discovered that man can live on less protein 
than was formerly supposed, and that therefore 
the small proportion of protein in vegetables 
does not matter so much, it has been discovered, 
on the other hand, that the animal proteins are 
more completely and readily assimilated than 
the vegetable proteins ; and it seems, too, that 
they are more provocative of energy. It has 
also been shown that the flavouring substances 
in meat, the so-called extractives, have a very 
potent influence in stimulating the digestive 
juices. And these discoveries, and the natural 
liking of men for meat, are a fairly good argument 
in favour of meat for dinner. Moreover, we are 
mammals, and the first proteins and carbo- 
hydrates we consume arc animal, not vegetable, 
for we cannot insider milk a vegetable. 
And here, of course, most vegetarians are incon- 
sistent, for though they disapprove of animal 
food they include milk and eggs in their dietaries. 

The vegetarians declare that animal diet is 
immoral, because it causes suffering on the part 
of the lower animals, and they also assert that 
it tends to coarsen the temperament and tastes 
of those who indulge in it. But it may be doubted 
whether domestic animals used for food are 
not, as a class, more than repaid for any little 
Buffering they undergo by the care and attention 
lavished on them by man ; while the assertion 
about coarsening is a little difficult to prove. 
Most of the poets have been ineat-eatdrs, and 
when Tennyson tried the “ table of Pythagoras,” 
ho felt at first like “ a thing enskied, a creature 
fairy-light,” but after a few months ho felt. 
“ chilled,” and was glad to return to meat, and 
get back “ the healthy heat his blood had lost.” 

Muscular Strength Without Meat. 
There can be no doubt that muscular strength 
can bo perfectly well maintained without meat. 
The monkey, the gorilla, the buffalo, the hippo- 
potamus, who, apart from milk, are strict vege- 
tarians, cannot be said to be feeble creatures, or 
to be much weaker than lions and tigers, and 
the Scotsman who gets most of his protein from 
oatmeal, and the Irishman who gets most of his 
protein from potatoes, compare quite favourably 
in energy and physique with any John Bull 
who has been brought up on roast beef. Some 
Arabs, too, who feed chiefly on dates and milk, 
have fine physique and great endurance. 

All this may be admitted, and^ot there seems 
to remain a difference in favour of the meat- 
eater. The vegetarian animal has endurance, 
but the meat-eating animal has an activity and 
a quickness that the vegetarian animal as a rule 
lacks, and is capable of greater spurts of energy. 
Between the energy of a lion and the energy of 
a hippopotamus there is considerable difference, 
and probably between the energy of a vegetarian 
man and a flesh-eating man there is a difference 
of a similar kind. 
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Meat seems to have a stimulating effect on the 
cerebral centres, both emotional and intellectual, 
and to. make for restlessness, initiative, and 
enterprise. When wo are young we are told 
that we must pot give meat to a cat, because it 
makes the oat “ too quick with its claws.** But 
the man “ quick with his claws,** on the alert, on 
the qui vive, is much more suited for the con- 
ditions of modem competitive life than a con- 
templative vegetarian with high views. 

Vegetarian Food apt to Overload the 
Intestines. One great drawback to a vege- 
tarian diet is the fact that vegetables contain an 
amount of innutritive substance, and that one 
requires to eat a large quantity of food in order to 
get sufficient nourishment. This means an un- 
^necessary ftad, gives extra work to the intestines, 
^and is apt, as in the case of the Irish “ potato 
belly,** to cause undue protuberance of the 
abdomen. On the other hand, in some cases 
of constipation the extra load in the bowels 
may stimulate them to action, and the beneficial 
results that sometimes follow on vegetarianism 
may be partly due to this cause. But we have 
not a digestive apparatus like cows and 
herbivorous animals to copo with big quantities 
of vegetable food ; and in most cases, if only on 
account of the bulk of the food, vegetarianism is 
a tax, and an undue tax, on the digestive organs. 

The danger of contracting animal diseases 
from animal food is very slight, and it is a danger 
that can bo guarded against. 

Dr. Ilaig*a Dietetic Creed. Dr. Haig has 
a special dietetic creed of his own, and has made 
many converts, but his position docs not scorn 
to be scientifically tenable. He holds that 
work-power is derived exclusively from proteins, 
and “ that the first requisite for strength and 
power of endurance is a satisfactory and suffi- 
cient supply of albumens, that the body depends 
for these cniefiy on the food taken from day to 
day, but that there is also a small store of these 
substances in certain tissues that become avail- 
able for use if prolonged exercise is called for in 
the absence of food, and further that beyond 
this point in continued starvation certain definite 
quantities of the tissues themselves are absorbed 
to produce the necessary albumen and urea.** 
Fatigue, according to Haig, is due to a defec- 
tive circulation of protein owing to excess of 
iirio acid in the blood, and all his efforts are 
direc^ to obtain a diet which will contain 
protein and yet produce no uric acid. 

The uric-acid-free foods he recommends are milk 
qnd milk products, breadstuffs, cereal foods and 
glutens, garden vegetables,gardon fruits,dried and 
foreign fruits. He specially recommends milk, 
cheese protene (milk protein), and gluten (flour 
protein) and nubs, and be rigorously excludes tea, 
coffee, cocoa, peas, beans, and lentils. 

Here are two sample meals that he suggests : 

10 ounces of bread 

.2 ounces of oatmeal 
2 pints of milk 
.. ;2 ounces of cheese 

1 ounce of nuts 

18 ounces of fruits and vegetables. 


2 . 

3 ounces of cheese 
3 pints qf milk 
14 ounces of potatoes 
16 ounces of fruit. 

It is probable that Haig*s diet would not 
improve the health of an ordinary, healthy man, 
but in some cases of disease it certainly proves 
to bo distinctly beneficial. 

Man Thrives Best on Mixed Diet. On 
the whole there seems every reason to believe 
that ma-n thrives best on a mixed diet, and that 
a varied dietary is best for health. * It is possible 
that in time to come dietetic students may have 
settled exactly what diet is best, and vro mix 
so many ounces of such and such a protein w'ith 
so many ounces of starch, and sugar, and fat. 
But meantime wo have not solved all the pro- 
blems of food, and wo aro constantly making 
surprising discoveries. Who would have ima- 
gined that lack of fresh fruit and vegetables 
would cause scurvy ? 

Some New Discoveries of Impor- 
tant Substances in Food. And quite 
recently, let us note, wo have made other 
discoveries that have warned us not to bo too 
cxclusivo in our dietaries, and not to imagine 
that nutrition is just a matter of so much 
protein, so much carbohydrate, and so much 
fat. We have found out that there is more 
in bread-and-milk than has been dreamt of 
in our philosophy. If we try to feed a young 
rat on pure protein, fat, and carbohydrate, with 
the right proportions of salts and water, it soon 
ceases to grow, but if we add to the dietary quite 
a small amount of milk the rat begins at once to 
thrive and grow. What exactly is the sub- 
stance in the milk wo do not know ; it is verj 
potent, but it is present in very small quantities. 
In wheat there is also a mysterious and i)otcnt 
substance which is abstracted from the nicest 
refined flour, thereby rendering it much less 
nutritious than whole-meal bread or the less 
refined flour in the broad known as “ standard ** 
bread. The substance in wheat is probably of 
the same nature as the substance in the protein 
of rice ; and the same substance is probably 
present in moat and yeast, and egg yolk and 
other animal and vegetable foods. The sub- 
stance has been called vitamine, but little is 
known about it. In porridge there is yet 
another mysterious substance that acts in some 
way upon the thyroid gland, a gland in the neck, 
which has much to do with development, and it 
might seem that to this substance in their native 
food the Scotch owe the robust physique for 
which they have been noted. 

The moral of all this is that we had better eat 
meat and porridge, and fresh fruits and vege- 
tables, and vary our diet as much as possible, for 
we never know what we may lose if we restrict 
our diet to narrow limits. 

And here wo may say that half the benefit 
derived from trips to the Continent and from 
residence at foreign spas is probably due to 
change of diet. 

RONALD MACFIE 
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Green and Dried Fodder. Brewers’ Grains. Feeding 
Cakes. Meals and 'Maize. Straw Food. The Acorn. 

STOCK FOODS FOR CATTLE 


Grass. Where grass is of good quality, it 
stands first as a food for farm stock, not only 
providing a ration at loss cost, but involving 
the employment of less labour. It should, however, 
be young, and young grass is secured by the careful 
admixture of varieties which flower at different 
periods, and by the omission of those which are 
not appreciated by stock. Constant grazing ensures 
young and tender herbage, while judicious manuring, 
the land being dry, or, if necessary, drainccl, 
equally ensures high quality. Grasses of identical 
varieties are found on stiils of different tyf)es, 
and yet cows will milk heavily and fatting cattle 
increase rapidly in weight in one case, while neither 
will respond in the other. This difficulty may be 
largely obviated by the supply of dung or artificial 
manures, or by folding sheep which arc fed with 
cake. Similarly, where live-stock are turned out 
to graze upon poor pastures, good n^sults will 
follow by the increase of their produce and the 
improvement of the herbage if they are simul- 
taneously hand -fed with rich food. 

The Feeding Value of Grass. Ten 
pounds of good dried grass is equivalent in feeding 
value to 00 lb. of mangels or cabbage, and to 100 lb. 
of white turnips ; hence the importance of ensuring 
quality both in the grass and in the hay produccil 
from it. Grass enables a farmer to feed his stock 
upon green or succulent food throughout the 
entire year, while it may bo employed in con- 
junction with green forage, roots, and cabbage. 

It has been demonstrated that the feeding 
quality of grass may bo largely increased by the 
aid of artificial manures, and to such an extent 
that sheep fed upon a pastures thus improved will 
produce mutton equally as well as if, when grazing 
on unimproved grass, cake is added to their ration. 
The yield of grass on a pasture varies from 5 to 12 
tons per acre ; the smaller yield of poor grass on 
unimproved land suggests the importance of 
manure in order to secure a maximum yield com- 
bined with high quality. Such a yield may feed 
four times the number of stock. 

R.ye Grass. This is frequently grown as a 
special crop, and, where possible, is dressed with 
liquid manure after each cut, ensuring at least 
three cro|>8 in a season. In some cases, the soil 
being peculiarly adapted to its growth, the weights 
produced are enormous. Rye grass is one of the 
Ifjrichcst of green foods. 

Clover. This food is richer in albuminoids 
than grass, and is bettor adapted for horses, swine, 
and sheep than for cattle. The practice of turning 
sheep into clover in this country in folds, or even 
in fields, is commonly adopted. When supplied 
,^to cattle, clover should be supplemented with a 
food rick in carbohydrates, such as maize meal, 
barley meal, or rice meal. When out clover is 
supplied to horses, it should be allow.^d to wilt. 

Trefoil and Lucerne. Trefoil is occasion- 
ally sown alone as sheep food, but a por.'nnial plant 
of trefoil, whether in j^sturo or mevdow, im- 
mensely im|)rovo8 its feeding value. 


Lucerne is very largely grown in the United 
States (where it is known as “ alfalfa ”), Argentina, 
and the Continent of Europe, is adapted to the 
warmer districts and the deep, rich soUs of this 
country. It is largely grown in the Eastern Counties, 
from Norfolk to Kent, and provides one of the 
richest of foods for stock of all kinds. Nothing 
is more useful for horses, whether green or dry ; 
but, being rich in albuminoids, it may be ad- 
vantageously supplemented with maize meal. 

Well-balanced Rations. The following 
figures are suggested quantities of concentrated 
food which may be addcnl with advantage to 
various green foods in order that the ration may 
bo better balanced. 


GRKEN CKOJ’S RICH TN ALlH MlNOfDS 


Lucorne . . 

loo 11). add iiiaize 

or rice inoal 5 lb. 

Sainfoin . . 

125 


(h'iinrfOii clover 

150 

4 

Vetc'bcH 

125 


(,'lov'er 

140 



GREEN FOODS NEEDING ADDITIONAL 


ALBUMINOIDS 


(^vbbage . . 

150 Ih. add cotton : < 

cod meal 2 lb. 

Italian rye-grasM 

100 

99 *^99 

Rye 

125 

t» 2 ,, 

Maize forage . . 

150 

4 „ 


As bicerne may be cut three times betw(‘en 
May and SoptemWr, and still provide a fourth 
crop for grazing, it should be grown on every 
farm suitabk^ to its requirements. Although 
cattle and horses may bo tethen'd upon it, it is 
better to rut what is required a day before it is 
supplied to stock. Ry the aid f)f lucerne, horses, 
cattle, and pigs may be stall or sty fed. In four 
cuts from lo to 25 ions j)tr a(5re may ))e very icadily 
secunMl in a st'anon. 

Sainfoin (Fr., e'*'parcettp. : Ger., K^parseite). 
This crop is largely grown as sheep footl, especially 
on the chalks and soils rich in lime. It makes 
an excellent change for sheep, and is cut twice 
yearly, yielding from 14 to 17 tons of green forage 
per acre. The* hay is well adapted for horses, 
and is relished by stock of all kinds. 

Vetches or Tares (Fr., ; Ger., 

FttUerwickev). I'hese arc chiefly grown as horse 
and slicep food, sheep being folded upon the crops. 
Being rich in albuminoids, it is better adapted 
for both classes of stock when sown with a mixture 
of oats or rye, both of which enable it to stand up 
better. Winter vetches supply an early May 
green crop, while those which qjre spring sown 
are rcjady in autumn, so that the ^ant is available 
for a long period. Vetches should be consumed 
when young, inasmuch as they are more digestible, 
but never given to horses or cattle quite fresh. 
Where sheep are folded on the crop, they should 
be gradually accustomed to it. Vetches, when 
given in medium quantities with other foods, 
add to the milking powers of the cows, and are 
relished by swine. When grown for ^lood, the 
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straw, or haulm, being comparatively rich in 
albuminoids and carbohydrates, may bo used for 
either, cattle or horses with advantage. Vetch hay 
is seldom produced, but forms a substantial ration. 

Maise (£r., maU)* The experience of tho 
writer, who Has grown this crop during many 
seasons, is that it is one of the most valuable on 
the farm. On suitable land, well manured, and 
in a warm climate, from 20 to 35 tons per acre 
may be produced in a good season. The crop is 
cut and distributed among tho cattle on the pastures 
during August and September. Maize is especially 
valuable in a season of drought, when it seems 
to thrive best. It may bo cut up by the aid of a 
special chalf-cutter, and preserved in a silo for 
winter use. When green it is sweet, practically 
all edible if not too late cut, and, used with cotton 
cako or bean meal, is most valuable for cattle, 
sheep, and swine. A 20-ton crop yields three times 
as much non-nitrogenous food as a 10-ton crop of 
vetches, although tho yield of nitrogenous matter 
is much smaller. 

Kye (Vr., stigh ; Ger., Boggen), Green rye, 
apart from its value as ono of tho earliest green 
crops of tho year, is almost as rich a food as average 
meadow grass, and therefore assists in bridging 
over tho season between winter feeding and summer 
grazing. It should bo cut while young, and em- 
ployed as a soiling or forage crop in the manger 
or on the pasture. 

Rape, Coleseed, or Colza. This crop is 
largely grown as a sheep food, sometimes combined 
with mustard. Under good cultivation it produces 
a large yield, and, being a rich food with a high 
nitrogenous ratio, is well adapted to its purpose. 
It should not be given to cows in largo quantities, 
owing to its liability to impart a flavour to milk. 

Cabbage (Fr., chou ; Ger., Kohl). Although 
apt to cause looseness among stock, cabbago is 
one of tho best of tho bulky foods. It is much 
relished, a good milk-producer, and, when grown 
in tho fonn of thousand-headed kale, forms ono 
of the best and most economical of sheep feeds. 
A ration for cattle is from 40 to 50 lb. daily, but 
cabbage should always be given in conjunction 
with dry foods, which include at least one variety 
of an astringent character, such as cotton cako 
or bean meal. 

Gorae, Furze, or Whin. This well-known 
wild plant is really a rich food, but on account 
of its prickly character it must bo bniised before 
it is supplied to stock. This is accomplished by 
the aid of a special machine known as a masticator. 
Tn districts where tho supply is largo it forms 
an excellent addition to a winter ration on farms 
where forage crops of tho best class do not grow 
with freedom. 

Sorghum {saccharatum) is a substantial plant 
which' succeeds in this country during hot summers. 
It somewhat resembles maize in the stalk, but 
it is much finer and bears no cob. It is rich in 
carbohydrates, chiefly sugar, and, owing to its 
sweetness and succulent clmracter, is much relished 
by cattle. Sorghum, which is one of the millets, 
however, is quite an uncerti^in crop. 

Potatoes* This f>ojpular tuber, although yield- 
ing a much smaller weight to the acre than roa^els, 
swedes, or tomips, is much richer in nutritious 
leoding matter than tho mangel, containing 20 p<?r 
cent, of starchy matter. When ^tatocs are largely 
the unsaWble or small tubers form . an 
e^neht addition to the rations of a pig or of cattle, 
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cooked or uncooked ; 20 lb. a day are sufficient 
for a cow or bidlock. We believe, however, that 
the most profitable method of utilising small tubers 
is to steam them for swine, and to use them in con- 
junction with skimmed milk and barley meal. 

Carrots. On suitable soils largo yields of 
this crop are produced, and form a most economical 
food. Carrots are highly reiished by all classes of 
stock, and are especially valuable for cows and 
swine. For the former as much as 40 lb. a day may 
be given with advantage. They are rich in sugar, 
keep well, but should be fed in conjunction with the 
richer cakes and pulse meals. As iiiaiiy as 20 tons 
per acre may bo produced on good, samly loam. 

Parsnips. These roots are similarly sweet 
and as nutritious as the carrot, both being suiwrior 
to swedes and turnips. They form an advantageous 
addition to the ration of cows and pigs. They pay 
well, and will produce 12 tons })or acre. 

Mangels. This popular root is on(» of those 
farm crops which are practically indispensable where 
.sto( k is kept. It varies in quality, some varieties, 
like the smaller as compared with tho larger roots, 
containing much more feeding matter than the 
others. It is one of the greatest aids to the wintiT 
ration of cattle, for which it is pul|)ed or sliced, 
and used in a mixture with other foods. It is 
valuable for swine and slicep, while the ploughman 
is glad to help himself to an occasional root for his 
horses. Feeding on mangels usually begins with 
January,- while tho bulbs, if carefiilly campe^d, 
will keep until tho following July, ft is suiKjrior 
in feeding matter to tho swede, csi^cially when 
not grown to too largo a size, fur th<» bigger the 
mangel tho smaller the |H*reeiiiago of the feeding 
matter, which largely consists of sugar. For 
fatting stock tho globes and intermediate, or tank- 
ards, aro preferred, whik^ tho long reds are ofti'ii 
selected for milk production. 

Kohl*rabi (Fr., chou-mre ,* Germ., Knhhruhv). 
Wo have in this ])lant a combination of the root 
apd tho cabbage, the flavour more closely resembling 
that of tho latter. Kohl-rabi docs not produce sucli 
largo weights jh-T avro as cither cabbage or turnips, 
but it is a N])lendid change for stock, and is 
especially valuable in a dry season. Including the 
tops, the weight grown reaches from 25 to 30 tons 
per acre, although tho average crop is much smaller, 
chiefly owing to insufficient manuring and imperfect 
cultivation. Rabi is an excellent food for dairy 
cattle, and may bo used with some freedom, inas- 
much as it is not likely to flavour tho milk. 

Swedes (Fr., rutabaga) and Turnips (Fr., 
navet ; Ger., Riibe). These are two of the most 
extensively employed of succulent foods, although 
they aro perhaps chiefly grown for sheep. 
aro highly suitable for cattle, and both aro usual* 
pulped or sliced by machinery — a practice which is 
common for sheep which have lost tlieir teeth, 
and for fatting and milking cattle. For cows thc^ 
tops or crowns of the bulbs should be removed, 
as they imjmrt a strong flavour to milk. Turnips, 
both white and yellow, are used early in the seasoir# 
as they do not withstand frost, swedes being con- 
sumed next, as they are much hardier. Swedes are 
in most cases, csjiecially in the southern half of 
England, eaten in the field by sheep as tliey stand, 
or after being pulled up with a pick. 

White turnips are inferior to yellow turnips, as 
they contain slightly less sugar, while both white 
ftnd yellow are inferior to swedes, which contain 
2 per cent, more sugar. Swedes, however, in their 
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ttim, aro inferior to mangels. The swodo differs 
from the turnip, as it possoshcs a nock, which is 
absent in the turnip. Both swedes and turnips are 
supphod to ^oung stock which aro being kept in 
store condition, although the quantity given to 
calves which have been weaned is at first but small. 
Fatting cattle receive large rations of both roots 
uembined with chaff, meal, and cake. 

Brewers* Grains. Although not a green 
food, grains may be included under the heading of 
succulent foods. They aro at their best when sweet 
from « the brewery, as they are more apj^tising 
and less likely to smil the flavour of the milk, for 
the production of which they are chiefly employed. 
Unless the price is low and the distance to the 
brewery slight, it is questionable whether it is not 
more economical to use dry or desiccated grains 
which, by the addition of water, are practically 
brought to the condition of fresh, wot grains. 

Fresh grains contain about 76 per cent, of water, 
so that it is necessary to haul throe tons of water 
to every ton of dry feeding matter. The summer 

S rices of brewers* grains should not be higher than 
d. per imperial bushel, although it is usual tb 
measure by the brewer's bushel, which holds much 
less. As compared with bran costing £5 a ton, grains 
at 4}d. to 6d. per bushel are an expensive food. 
Whore wet grains are purchased by the ton, the 
water contained is usually excessive ; in any case, 
however, we believe that desiccated grains will be 
found most economical between autumn and spring. 

FEEDING CAKES 

Lifiaeed Meal. Linseed is a food which is 
adapted for use only in small quantities, owing 
to its exceptionally high percentage of oil. The 
best mothou of preparing it for addition to a ration 
is that of steaming.. The quantity required is 
placed in water in any suitable vessel, and the steam 
convoyed to it direct from a boiler ; failing this, it 
may be boiled in water, and when the oil has reached 
a form of emulsion it may be mixed with the food 
— chaff and meal — in the manger. It is well 
adapted for growing calves and young stock, and 
oocasioiially for cattle and horses, but only in very 
small quantities. Linseed meal is one of the most 
useful foods for young calves, bcin|[ frequently 
employed as a milk substitute. It is cooked in 
water or skimmed milk. 

Linseed Cake. The most popular of all 
purchased stock foods is linseed cake, which is a 
by-product of the linseed oil mill. Linseed or 
flax seed provides two important products — the 
fibm and the oil, which roaches some 35 per cent, 
of the weight of the seed, although many samples 
contain either more or loss ; thus, in a bushel of 
^llnseod, the oil averages about 18 lb. In the process 
of extraction some 8 to 12 per cent, of oil is left in 
the dry residue, which, pressed into cakes, is sold 
to farmers at prices varying from £7 to £9 per ton 
for the feeding of their stock. Under the new 
process of oil extraction by the aid of naphtha, the 
jmdue contains but a small percentage of oil — 
jWo 3J per ccnt,-*-but slightly more albuminoids 
and carbohydrates. For fattening purixjses and 
for calves, therefore, the old process food is 
undoubtedly better, but for general purposes, and 
especially for milking cows and store stock, the new 

E rocess product, when the prices are relatively 
>wer, will bo found equally valuable. It is prob- 
able, however, that cake made in the old way 
provides rather moro di^tiblo nutritious matter. 
Liusced cako is essenti^ly a food for calves or 
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young cattle and fattening beasts, as well as for 
fattening sheep and Iambs. In very small quantities 
it is useful for horses, as when given for putting 
on flesh and adding brilliance to their coats. For 
milking cows it is not equal to cotton cake. 

Cottonaseod Cake. This product, also a 
residue or by-product of the oil mill, is made in 
two forms. We have first the raw cake containing 
the husk, which is tough and indigestible, and the 
decorticated cake, from which the husk has been 
removed. The husk contains some to 4} per 
cent, of nitrogenous matter, but, remembering its 
high percentage of indigestible fibre, it is unfit for 
food, and oven dangerous when given to young stock 
in substantial quantities. The preparod kernels 
of the seed, which contain some 27 per cent, of 
oil, are heavily pressed for its removal, some 40 to 
60 gallons being obtained from a ton of seed. 

The decorticated cake, which is bright yellow 
in colour and sweet and nutty in flavour, is much 
to bo preferred, and althoiigli its cost is greater 
it is distinctly more economical than the common 
cake. All pure ootton-sced meals aro similar to 
the best cako in those particulars. If tiny par- 
ticles of the black husk are present in a m<*al, 
however, it is an indication that the husk has 
been finely ground and mixed with the pure meal. 
Cotton cako is neither used for horses nor sw'ine, 
but it is a highly valuable food for fattening cattle 
and shcop owing to its richness in the throe nutritious 
constituents of food, but in purchasing care should 
bo taken to ensure, by guarantee, that the quality 
is good. Cotton cako may be mixed with linseed 
cako when necessary to moderate the laxative 
character of the latter. It is believed to influence 
the firmness of butter and the production of milk. 

Other Feeding Cakes. Palm nut, rape, 
sesame, coconut, sunflower, and other cakes, 
which are chiefly used in Continental countries, 
are little known in Great Britain, though soya 
bean cako — very rich in albuminoids — finds In- 
creasing favour. Rape cake, a by-product in the 
extraction of oil from rape or colza seed, is not 
relished by stock, although it is rich in oil and other 
feeding materials, a remark which applies in still 
greater degree to palm-nut cako, which is of a more 
agreeable character ; to coconut cake, which is 
exceptionally rich in oil and digestible carbo- 
hydrates ; and to sunflower cake, which, while 
containing less oil, is quite as rich as the best 
cotton cako in albuminoids. 

Beans and Bean Meal (Fr., five ; Ger., 
Bohne). Bean meal, owing to its purity, which 
the feeder can so easily ensure, is much used in 
Scotland for milking cattle. The bean is ex- 
tremely rich in starchy matter and albuminoids, 
but poor in fat. It is seldom economical to 
employ the home-grown bean for stock, inasmuch 
as the farmer can realise higher prices in the market 
than would warrant him in so doing ; his best plan 
is to purchase foreign beans and to grind or crush 
them for use. Bean meal costing to £7 a ton 
may be employed with great advantage for cows 
and feeding stock up to 4 lb. a day, while for sheep 
crushed beans in small quantities form a valuable 
addition to a mixed ration. Grushed or cracked 
beans, as we have shown in our reference to the 
feeding of horses, form a great help to the animal 
where the work is severe, while an occasional hand- 
ful to store pigs is most advantageous. 

Peas and Pea Meal (Pr.. pots ; Ger., 
Erhse). The pea is a food which is supplied to 
cattle and sheep, chiefly indeed to milking cows, in 
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the form of meal in a mixed ration, and to tho 
extent of 3 lb. or 4 Ib. daily, and to swino with 
{>otatoes, and cracked or crushed in small quan- 
tities to sheep. Rich in albuminoids, peas form 
an invaluable addition to a ration, and, although 
also rich in starch, crops grown upon tho English 
farm are more prolitaoly sold and replaced by 
samples of foreign or colonial origin. 

L»eiitils« Lentils are not often obtainable, 
but when the price compares with that of im- 
ported peas or beans they arc a useful food in the 
form of meal, containing as they do similar pro- 
portions of albuminoids and carbohydrates and 
slightly more oil, but they should be clean ami 
sweet. This is an important feature to remember 
in purchasing all varieties of imported pulse, and 
especially consignments from India and Kg 3 'pt. 

Barley and Barley Meal. Whole dry 
barley is supplied to poultry alone, but, having 
been cooked or soaked, it may bo given to pigs or 
cattle, although the practice is quite uncommon. 
Crushed barley is occasionally supplied to lu)rses, 
although as a food it is inferior for their work 
to the oat. Barley meal, however, is commonly 
supplied to cattle, forming part of a mixture of 
the fattening ration. It is still more frequently' 
used for swine either mixed with wat(*r or skimmed 
milk. The offal barley grown on the farm, when 
crushed, forms a useful addition to tho feeding 
ration of sheep. 

Malt and Malt Sprouts or Combs. Malt 
is slightly superior to barley, as well as more palat- 
able, owing to its sweetness, which is occasioned 
hy tho process of conversion of sttirch into sugar. 
It is, however, for the farmer to determine when to 
use malt instead of barley, the price for a given 
weight being, perhaps, tho chief factor. 

Malt sprouts is one of tho most appetising of 
stock foods, and ono which is especially rich in 
albuminoids, so that it may bo employed with 
inaizo meal, roots, straw, and inferior hay, with 
great advantage. 

Bran, Pollardi and Middlings. These 
by-products of the mill, which havo been largely 
deprived of the starchy matter of the wheat grain, 
are among the most valuable of stock foods. Bran 
is not only nourishing, but, being laxative, jM)ssessea 
a valuable physiological influence. It is most 
palatable and sweet, and is consemiently relished. 
It is rich in nutritious matter, of which it contains 
some 60 per cent., nearly 12 per cent, being albu- 
minoids, 80 that it is naturally well balanced. It 
is useful as an addition to cotton cake and tho piilsi' 
meals, and, when costing £5 a ton, is ono of tho 
cheapest foods on tho market, but it should bo pure 
and floury. Bran is specially advantageous as a 
ration in tho form of a mash for cows at calving, 
or for ailing cattle and horses, but the feeder 
is cautioned against inferior samples, esjxjcially 
those produced in roller mills, some of which con- 
tain a nigh percentage of worthless husks or fibrous 
matter, which is employed as an adulterant. The 
wheat offals known as pollard, middlings, blues, 
and dan, to ^hich many other local terms are applied, 
varv in character, appearance, and quality, in a 
high degree. These foods may contain 57 per cent, 
of nutritious matter, including 11 per cent, of albu- 
minoids and 44 per oent. of carbohydrates, or they 
may reach 60 per cent, of the last named, as 
a^mst 65 per cent, in the whole grain, and yet 
the best are approximately similar, or oven superior, 
in feeding value. The finer offals are more generally 
used for' swine, especially sows and their young, 
than for stock of any other kind. 


Oats and Oat Meal. Bcferenco to tho 
feeding value of the oat in the ration of tho hors, 
has aln»ady been mad(^ in the section upon horses 
No food, however, is of gn'atci* value as a constit- 
uent of the ration of calves and young cattle in 
general, of lambs and adult sheep ami of cows, 
but in all cases tho grain should bo crushed. Tho 
oat, however, is tf)o costly as a common stock food, 
but ground oats, in which the constituents of the 
whole grain are present, are comniouly emrfo^^od 
for poultry', and but for its sonnwhat costly^ cha- 
racter might bo advantageously supplied to calves 
and lambs, mixed with chaff and other foods. Oat 
hay— that is, tlie dr}" oat ])lant which has been out 
before ripernng, and consequently containing all 
the nourishment of tho grain and tho straw — is 
excoll<*nt fodder fur horses and cattle, but it should 
be cut into chaff. 

Maize. Althi>ugh maizo varies in price, some- 
times falling as low as 13s. a quarte r of 480 lb., 
and at others reaching 26s., it is ono of our most 
important feeding stuffs, owing to its weight per 
bu.shel and its richness in nutritious matter, of 
which it contains some 80 ijcr cent. Maize, 
however, is poor in albuminoids, which it is thorc- 
foro essential to add in some other form. Maizo 
meal is chiefly used for cattle and swine, crushed 
or cracked maizo for sheep and horses, and cooked 
maizo for fattening pigs. 

Rice Meal (l^'r., riz ; (ler., Reis). Rico meal 
is exceptionally rich iii starch, of which it contains 
from 47 to 55 per cent., tho albuminoids varying 
from 81 to 1 1 per cent., and tho oil from 8} to 
14 per cent., although it is doubtful whether the 
oil of rice (‘an l)e regarded from a nutritious 
standpoint in tho same light as the oil of cereals 
and cakes. In any east', rico is rich iu feeding 
matter, and, at its av(*ragc price, one of tho 
cheaiMist foods on the market, when pure. 

Straw. Wheat straw is commonly employed 
when cut into chaff for horses and cattle, out 
among tho cereals it is inferior to oat straw, 
containing less of each of tho three nutritious 
constituents of food. Oat straw is softer, prob- 
ably more digc.stible and better adaptcM for stock, 
both ill its long and short cut condition. There 
are, however, still doubts, as shown by each in- 
vestigation which ha.s been made, as to tho pro- 
portion of straw which is digestible, and conse- 
quently valuable as a nutrient. Ri/e straw is too 
tough and too valuable for other pur])oses to bo 
employed as an economical food, while barley 
straw — we refer to tho wintcT variety — is not only 
inh'rior to other straws, but is an irritating material 
when employed for food or littiT, and its use is 
often followed by the presence of insect ]mrasito^ 
Tho straw of summer barley is much superior to 
that of winter barley. The haulm, or straw, of 
jieaSy beansy and vetrhes is richer— bean straw in 
particular — in albuminoids than the straw of tho 
cereals, while tho other constituents are practically 
analogous. The straw, or haulm, of all tho pulse 
crops — and the remark equally applies to tho 
chaff, or husks and caving.? — .should ho carefully 
preserved as animal fodder. 

The Acorn. The acorn, so largely consumed 
by their own will in autu mn by cattle, sheep, and pigs, 
and for which farmers are accustomed to imy from 
6d. to Is. a bushel to those who gather them, is a 
highly astringent food, containing only 38 to 40 per 
cent, of nutritions matter, chiefly carbohydrates, 
and it is questionable whether the risk involved in 
its employment i.s not greater than the benefit 
derived from its use. JAMBS LONG 
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The Ultimate in Chemistryi Properties of Electrons. The 
Beginning of all Things. Science Tending Towards Philosophy. 

“MATTER IS ELECTRICITY” 


H aving seen the fate of the electron, let us 
now see whether there is anything that can 
be a<Med to our knowledge of its actual properties. 
It is Known that the course of electrons produced 
under Certain conditions may be influenced by the 
approach of a magnet. They are deflected, and 
this deflection can positively be seen by suitable 
illumination of the experiment. It is by means 
of this knowledge that we arc able to ascertain 
certain properties of electrons. We are enabled 
to ascertain, for instance, their velocity. This 
varies with certain conditions. It was some years 
ago stated that these electrons move at a speed 
resembling that of light. In point of fact, they 
do not move so fast as light. Nevertheless, the 
speed of light is the only one with which that of 
(electrons can bo compared. There is no material 
body, whether an atom or a star, that has a speed 
in any way comparable to that of electrons. We 
may say that 10,000 to 100,000 miles per second 
about represents the limits, so far calculated,, of 
their speed. 

The Mass of Electrons. But a still 
more interesting question is that to which M. 
Poincan^ alluded in the quotation on page 2555. 
What is the ratio of the electrical charge of the 
corpuscle to its mass, it having been noted 
already that this relation is constant for all 
corpuscles, from whatever “ elonu'nt ” they may 
be obtained ? It has been hinted that physicists 
scorn steadily to be approaching the conclusion 
that the electrical charge of the corpuscle ac- 
counts for all its mass. A whole generation has 
passed since Sir Joseph Thomson first enunciated 
the remarkable idea that the inertia of matter is 
electrical. The considerations he advanced dealt 
with imaginary bodies, which were extremely 
.small, and which moved at speeds comparable to 
that of light. Little wus it then thought, except 
perhaps by the bold S})eculator himself, that the 
existence of bodies having those properties would 
one day be demonstrated ! When electrons were 
discovered the question arose whether their actual 
properties showed corre.spondcnce with Thom- 
^rfs mathematical reasoning, and especially 
with his doctrine that the mass, or rather the 
inertia, of a body increa.sos with its velocity. 
The a8.sertion of Sir Joseph was that an electrical 
charge upon a moving body possesses inertia, 
due to the electromagnetic disturbance 'which it 
creates in the ether through which it pas.se8. 
As its speed increases, its inertia increases, and 
therefore its apparent mass. It has now been 
demonstrated, in the case of corpuscles, that 
their mass docs increase with their velocity. 

The Last Analysis of Matter. But 
this is the least important result of this inquiry, 
for Sir Joseph next proceeded to compare the 
experimental results with the results which should 


theoretically be obtained if we make the remark- 
able assumption that the electrical charge of the 
corpuscle can account for the whole of its mass, 
leaving not even what M. Poincar6 calls “ a 
little, a very little matter.” Sir J. J. Thomson 
found that the two sets of results arc in such 
close agreement that the minute differences 
between them may readily be disposed of as 
within the limits of experimental error. The 
conclusion was, then, that the w'hole mass of 
an electron is electrical — that is to say, is due 
to the inertia of its charge. Thus Professor 
Duncan omphaitically says : “ Oh this view, then, 
the to-and-fro motion of a pendulum and the 
electrical oscillations of the spark from a Leyden 
jar arc simply two manifestations of an identical 
thing — the inertia of a charged body.” Here, 
then, we have the root question of chemistry 
apparently answ’crcd in a phrase. “ All mass is 
the mass of the ether ; all momentum, whether 
electrical or mechanical, the momentum of the 
ether ; and all kinetic energy, the kinetic energy 
of the ether.” 

In other words, in the last analysis, matter is 
electricity. At the same time, it should be 
added that "wo have not yet reached the whole 
truth in this respect. The Jamentablo loss of 
M. Poincar6 has deprived us of the most pro- 
foundly equijipcd and critical mind, with the 
aid of which this question would have made far 
greater progress since this work first appeared. 

The Distribution of Electrons with- 
in an Atom. At a very recent rt'ception of 
the Physical Society of I.rf>ndon to the Cavendish 
Laboratory, Sir Joseph Thomson made a few 
notes which may now be adch'd to the foregoing. 
The physical study of the Ron t gen rays, and the 
chemist’s inciuiry into the nature of the atom, 
are coming to be one and the same thing. Two 
notably distinct kinds of Rontgon rays are now 
recognised by physicists, and are called K and 
L radiations respectively, for convenience. The 
K radiations are ” hard,” or penetrating, and 
the L radiations “ soft,” or relatively non- 
peuetrating.* Sir Joseph Thomson believes the 
evidence to be clear that these very distinct types 
of Rontgen rays arc dependent upon the exist- 
ence of two rings of electrons within the atom. 

The student will recall the interesting experi- 
ments of Mayer, and the ringed ^angement of 
electrons which was there suggested, and which 
corresponded to certain facts of the Periodic 
Law. Now Sir Joseph Thomson is in hopes 
that further inquiry -will reveal perhaps another 
type of Rontgen radiation which will correspond 
to, and prove the existence of, a third ring of 
electrons 'within the atom. The idea is clear that 
the physical study of the types of Rbntgen rays 
will reveal the internal structure of the atoms 
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which produce them. In Sir J. J. Thomson’s 
own words, physicists may hope “to be able to 
see how many separate vibrating systems, how 
many rings of electrons there are" inside the 
other ; and, more than that, that they will be 
able, by the study of that radiation, to gauge 
the number of electrons in each ring, so that 
this study promises to give them the means 
of determining the distribution of electrons 
throughout the atom.” 

But there is another question which the reader 
will not permit us to neglect. When attempting 
to describe the corpuscular theory of matter, so 
far as it is at present formed, we declared that 
the electrons of the atom, being all negatively 
charged, tend to repel one anoth(*r. They are 
bound together within the atomic whole by 
means of positive electricity. We have to con- 
ceive of the ” foundation ” of the atom as 
probably a sphere of positive elcctrilieation. 

What is Electricity ? W<‘ have not 

completely described the new theory of matter 
until w'c have answered, or, at any rate, raised, 
certain questions about this positive electricity. 
W^hcro does it come from ? AVhat b(*(!omes of 
it when the atom disintegrates ? And in what 
does it subsist ? Even if tluTe be no material 
basis for the electron, may then? not be a material 
basis or foundation for this sphere of positive 
electrification ? 

We are unable to answer these questions. 
The nature of positive electricity is not yet com- 
prehended. Perhaps it consists of particles, just 
os negative electricity does ; that would seem 
probable. Yet, if it does, certain difficulties 
arise. For we secun to bo able to explain the 
mass of an atom as the sum of the masses of its 
negative electrons. Hence it would so(»m that 
if there be particles of positive clcctri(!ity they 
either have no mass at all or else ih(*ir mass is 
so small as to be practically negligible. W^o 
do not seem to be able to answer these (piestions 
at present, because we cannot, so to speak, “get 
at ” positive electricity. It is not shot forth 
from atoms as negative electricity is, and it seems 
to exist now'here except as parts of atoms. The 
question of the nature of positive electricity 
is of supreme importance. 

Did the World Ever “ Begin ” ? In 

a caut'onary lecture at the Royal Institution, 
Sir Joseph Thomson stated that our ignorance 
in this respect prevents us from determining the 
nature of the direction of natural change^?. It 
seems that our ignorance of the properties of 
positive electricity leaves it uncertain whether 
“ the universe began as a simple collection of 
homogeneous atoms, and is evolving into a com- 
plex thing which will ultimately become one huge 
atom, or whether it began as a complex huge 
atom and is now brealung down into simpler, 
smaller, and similar atoms.” The question, in 
brief, is whether the process now seen, is the up- 
ward or the downward phase of evolution. Surely 
this tremendous alternative will impress the 
reader with the importance of the groat gap in our 
knowledge for which this apparently ^atisfactoiy 
phrase, “ positive electricity,” ’lially stands* 


One comment, however, falls to be made upon 
Sir Joseph Thomson’s words, or, rather, his use of 
the word “ began.” We must ask him by what 
right he assumes any beginning. We must 
ask him whether he is quite sure that he can 
really form the conception that the universe 
ef^er ‘’’began.” For convcnieiuje, no doubt, the 
physicist is justified in using such a terminology 
as this ; but before we can accept it in the 
stupendousnesa of its full meaning wd" must 
invoke the judgment of the higher studies — 
psychology and philosophy itself — in order to 
decide whethc'r the idea of a beginning in the 
oid-fashioned sense of “ creation ” can really bo 
credited ; whether we must not rather conceive 
of the Eternal Power that is behind the universe 
not as having called it into being at a particular 
time — our very idea of time being merely 
derived from our observation of material changes 
in the universe — but as underlying, maintaining, 
and sustaining it from eternity to eternity. 

The Supreme Importance of the 
New Chemistry. Here, at any rate, we 
must close our long discussion of the new 
chemistry, of the possibility of which only the 
few dreamed twenty years ago. It is a chc'inistry 
which is of no practical importjinco whatever 
at the moment to the practical man ; it does not 
affect the price of sodium carbonate or coal gas, 
but if deals with the fundamentals ; and we may bo 
absoluU?ly certain that our knowledge of fimda- 
mentaJs will ultimately prove to be of the utmost 
practical value. The hint has already been given 
that the new chemistry may load us to the 
utilisation of energies beside w'hich all the sources 
of energy that have hitherto been emi)loyed for 
human purposes arc trivial. 

But while the practical importance of the new 
chemistry in only on the horizon, its theoretical 
imj)ortam;e is present, and is almost ovcrwJielm- 
ing. We have failed in our task if that has 
not been already made evident. A h^w stray 
sentences here and there will, w'c hope, have 
suggested to the reader that the theoretical 
significance of these extraordinary studies is not 
only .scientific ; they deeply concern philosophy 
as well. There is no inon^ important question 
in philosophy than the nature of matter, and 
now that question is being answered. Again, 
among the supremo que.stiona of ])hiIosophy 
are those which relate to the past and the destiny 
of the universe. These questions will ulti- 
mately be solved with the aid of the knowledge 
of fundamentals which men have gained during 
the present century. Again, })hilosophy is 
concerned to know whether all the diversities 
of the world can be resolved into a siiighi sub- 
stance. That is one of her supreme questions. 

The Ultimate of Matter. Hero, again, 
the new chemistry is of an importance which 
we cannot overestimate. Not only has it 
made the notion of a few score indestructible 
elements of matter seem to belong to an almost 
prehistoric order of thought ; not only has 
it found the common element of all these 
elements ; it has done much more. It would 
have been a great achievement even to show 
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that, to quoto Tennyson, there is “ one element 
-rthat in the last analysis all kinds of matter 
aro one — but the new chemistry has done' far 
more than this. 

It has not merely shown us that atoms, 
though chemical ultimates, are not a};|iolute 
ultimates, but it has shown that the apparent 
ultimate of which all atoms whatsoever are 
composed, the very ultimate of matter, is in 
its turn not an absolute ultimate. It is no 
more an absolute ultimate than the atom is. 
The new chemistry teaches us that the ulti- 
mate of matter is, in its turn, merely a 
particular variety or aspect of energy. If wo 
attcmi)ted to state a cat(jgory of the cosmos, 
wfiting down a list of the various things it con- 
sists of, we might graphically learn the signifi- 
cance of the new chemistry by comparing the 
length of such a list mtidc ten years ago with the 
list that wo may make today, The various 
chemical elements would have had a place in 
the old list. A little later their place would 
have been taken by the simple word “ matter,” 
it having by then been recognised that all matter 
is one. But now oven that word would not 
appear, it having now come to bo believed 
that matter is merely an electrical phenomenon. 
How much further the new chemistry leads us 
towards an objective, scientific, matter-of-fact 
proof of the philosophical belief that all things 
are one wo cannot here pause to say. 

Science and Philosophy. Surel3% at 
any rate, we have said enough to convince 
the reader of the overwhelming importance of 
these scientific facts to the philosopher, who has 
no interest in the details of science for their own 
sake, but cares for them merely in so far as they 
may servo to aid him in his attempt to answer 
the questions of philosophy. 

But, at any rate, we must here insist upon a 
profoundly important truth. It is that, ixs 
science advances, it constantly leads up to philo- 
sophy ; again and again the historian of scientific 
thought finds himself led beyond his proper 
province into that of philosophy. Certain types 
of scientific mind resent any connection between 
the two studios. They regard any attempt 
to speculate or to recognise the ultimate im- 
portance of scientific facts as unscientific. 
On the other hand, certain types of philosophic 
mind, such, for instance, as the mind of Hegel, 
resent deeply the intrusion of science into 
philosophic questions. 

Nature is Orderly and Intelligible. 

But we should be able to avoid both of these 
extremely common and extremely pernicious 
errors. It is perhaps the most distinguishing 
mark of the purely scientific thought of the nine- 
teenth century to load up to philosophical 
problems. If that generalisation, which has been 
clearly stated by Dr. Merz, the great student of 
nincte^ntb-centttiy thought, he true of the 
niinetellkth pontuiy, it is more and more abun- 
dantly of the scieiitifio thought of the 
twenti^ oeinitury, the achievements of whicM 
aro alr^uiy ‘;eqtial to those of half a dozen 
oenturies in dme past. 


Among the great truths which the new chemistry 
serves to strengthen is, fimt of all, the truth that 
Nature is orderly ; and secondly, that she is intel- 
ligible. The idea of the universal range of' law 
is more or less clearly before the minds of all of 
us. Yet, imperfect instruments as our minds are, 
we constantly find ourselves confronted by facts 
in Nature which seem to have no reason or sense 
in them. They seem quite arbitrary ; they simply 
are so, and we have to accept them. Closer study 
invariably shows, and will continue more abun- 
dantly to show, nevertheless, that there are no 
arbitrary facts in the (bsmos. What could 
be less intelligible or rational, less reasonable, 
more arbitrary, than the existence of some 
eighty or ninety elements into which all matter 
could bo resolved, but which were incapable 
of being any further resolved. ? But the new 
chemistry has shown us that the existence of 
these elements and their relation to one another^ 
their history and destiny, arc capable of an 
absolutely rational interpretation. Even in all 
the multitudinous facts of chemistry, which it 
might bo thought that no one could predict, 
we find causation and continuity to be absolute 
and the arbitrary to bo non-existent. 

Dogmatism is Impossible. There aro 
many types of mind. Some readers will be 
annoyed at the recent sections of this course, on 
the ground that they are not sufficiently ])rim, 
exact, and dogmatic. Other readers will be 
annoyed on the ground that wo have made too 
great deductions from data that were not suffi- 
ciently secure. But, at any rate, we have done 
our best. 

It must be most emphatically pointed out, 
however, that the reader must read these 
sections with great caution and reserve, not too 
hastily accepting any statements. Their value 
will lie, if they have* any at all, far more in their 
power to stimulate and interest the reader’s 
mind, so that he will closely follow for himself tho 
great developments of the new chemistry, than 
in the actual setting forth of alleged facts. We 
cannot confidently say that any of the more 
precise details of the new chemistry aro finally 
fixed. It is literally true to say that new 
developments arise every week, and that part of 
what was written in July comes to wear an 
antiquated look in August. Only those who live 
in the midst of it can realise the almost electronic 
speed with which our knowledge of these ques- 
tions advances. One or two instances will be 
instructive, especially if they serve to show tho 
reader that he must on no accoui^ consider his 
knowledge of the subject to be adequate when he 
has studied the preceding sections. 

The Rapid Growth of Knowledge. 
For instance, what was said earlier in this 
course regarding the emanation of radium 
cannot now be regarded as ari adequate state- 
ment of the facts. The reader must not 
imagine that the emanation consists entirely of 
immature atoms of helium. That seem^ to be 
the probable interpretation until quite recently, 
but now it is necessary to recognise the further 
detidls which be found stated above. 
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Again, only a few lines later, we referred to 
the evolution of radium from uranium. That 
evolution has been suspected for many years, 
uranium having, as the reader will remember, 
an atomic weight of 240, while that of radium is 
225. But it was very difficult to prove, and 
for some time the absence of any positive evidence 
seemed to tell against this view. Now, however, 
it may be taken as the fact. 

Radium and the Sun. Again, in dis- 
cussing the presence of radium in the sun, 
wo insisted on the profound alteration that 
its presence there — which is extremely prob- 
able — must cause in our estimate of the 
cosmical time-table. Fully recognising the im- 
portance of the principle which Lord Kelvin 
called the dissipation of energy [s(‘e Physios], 
wo ask ourselves as to various sources from 
which energy, available for human life, may still 
be expected. First in the history of our know- 
ledge comes, of course, the gravitational shrinkage 
of the sun as considered by Helmholtz ; secondly 
comes the (extremely probable) presence of 
radium in the sun ; thirdly cornea the dis- 
covery of untold stores of energy in every 
atom of the sun and every atom of the earth — 
energies so abundant that all the extra-atomic 
energies with which we are acquainted, put 
together, count for nothing beside them. Thus, 
even if there bo no radium in the sun, there 
remains more than a i) 08 .sibility of one day tap- 
ping the intra-atomic energies and extending the 
life of man, who has behind him merely a brief 
history of a few million years, through ajons 
and a3ons, inconceivably long and inconceivably 
numerous. 

In concluding this part of our subject, some- 
thing must be added to the paragraph in which 
an atom was compared to a solar system. There 
wc spoke of the electrons as “ constantly colli<ling 
with one another in their mad race within tluj 
atom,” the result of these collisions being to expel 
some of them from tlie atomic system. Hero 
wo must remind the reader that the corpuscular 
theory of matter in its latest form enables us to 
advance very definitely beyond such a statement 
of the facts as we have quoted. Tn speaking 
of collisions wc are using only a metaphor, aiul 
not a very good metaphor at that. Wo should 
remember how far apart the electrons are from 
each other, relatively to their size. 

Expulsion of Electrons from Atoms. 
Furthermore, Sir Joseph Thomson has now pro- 
vided us with a theory which makes the expul- 
sion of the electrons from the unstable atom quite 
intelligible without our having to invoke any 
idea of collisions at all. Wo now believe that 
the electrons, or Beta rays, arc exj)elled in virtue 
of the sudden transformation of a porl^ion of 
the potential energy of the atom into kinetic 
energy, or energy of motion, w^hich expresses 
itself by its power to carry some of the electrons 
out from the atom at the tremendous speeds 
we have described. 

Recognising the law of the conservation of 
energy, we see, of course, that the new type 
of atom thus suddenly formed not only has 


fewer electrons, but also contains less energy. 
Lastly, we observe that the moment of ex- 
pulsion, though it does not depend upon a 
collision, is yet determined by something 
equally sudden, notwithstanding the fact that 
it indicates merely a point in the steady and 
age-long radiation of I'liergy from the atom. 
At last a critical point is reached, and the 
result is as sudden a cataclysm as if there had 
indeed been a collision. 

Nature MaKea No ** Leaps.*' Yet 
another point, which seems to demand more 
insistence than has yet been devoted to it, is 
this — that the processes of atomio evolution 
are not discontinuous and sudden. The old 
doctrine seems to be as true of tJie evolution of 
the atom as Darwin b(»lieved it to be true, or 
almost entirely true, of the evolution of living 
things : Natitra nihil farit j)er saltum — Nature 
docs nothing by leaps. Tlie processes of atomic 
change arc absolutely ceaseless and continuous. 
It is only the eonsoqiiences of .these changes 
that suddenly become conspicuous when the 
atom becomes unstable. But the new and 
stable atom which is then formed itself proceeds 
to undergo continuous change. The evolutionary 
doctrine is true here as everywhere else. “ No- 
thing is constant but change.” For practical 
p-irposcs we may assume that atoms arc stable, 
but the most stable of them are steadily journey- 
ing, even though the journey may lake ages, 
towards instability. Spencer s law of universal 
rhythm is thus illustrated here also. Our atten- 
tion is directed to certain striking moments in 
a continuous process, but wo m\ist not forget 
that it is continuous. Here, of course, is another 
illustration of that supremo generalisation which 
we express as tlie continuity of Nature, 

** The Chemistry of the Carbon 
Compounds.’* And now we must pass, 
though very reluctantly, from our all too brief 
consideration of our subject, our knowledge of 
which will be recognised in time to come as 
con.stitiiting a great epoch in the history of the 
human mind ; a subject which no one would 
now hesitate to regard as epoch-making, if only 
it were a few centuries old. We must pass to 
a new division of the subject, though in doing 
so wo must again remind ourselves that all 
our divisions are, at bottom, artificial, and 
that there are not two chemistries, but one 
chemistry. Wo are about to pass to what, 
not so long ago, was called organic chemistry. 
By this was meant the chemistry of those 
bodies which are characteristic of living things. 
It is quite distinct from what is now known 
as physiological chemistry — the study of the 
chemical processes which occur within the living 
body and play such an essential part in its life. 
But it has already been pointed out that the 
old division of chemistry into inorganic and 
organic is untenable; and in the next place we 
must devote ourselves to a brief study of the 
principles of what we prefer to call the chemistry 
of the. carbon compounds^ and of the reasons 
which render the use of that term desirable. 

0. W. SALKEBY 
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(IROUP 7-HlSTORY • THE STORY OF ALL AGES AND PEOPLES-CHAPTER 21 

The .Pi^ssin^ of Mediffivallsid. The Influence Under 
Which Old Things Passed Away and All Things Became New. 

THE CHANGING CENTURIES 


B division of history into periods, labelled 
ancient, mediaeval, and modern, is of 
necessity arbitrary. Thc‘ro was a time, w^hicli 
we commonly call prehistoric, when the 
Kuropean pebplcs kept no written records of 
their civilisation. Then some of them, already 
in many respects highly organised, preserved 
their records, and ancient European history 
began. When did it end ? We take the line of 
demarcation at the epoch or inoment of time 
when the old civilised races ceased to dominate 
the known wgrldj the world whicdi ])'reserved itM 
records, and found themselves dominated in 
turn by new barbaric races— races, that is, 
which were on a lower intellectual level, and 
were politically in a less advanced state of 
organisation ; a moment which we identify with 
the dissolution of the Roman Empire. 

When Does Modern History Begin 7 

Thenceforth European history is mainly that 
of the progress of these races from that barbaric 
condition to the highly elaborate organisation 
w’hich they have attained at the ])resent day. 
How, then, in the course of this continuous 
j)rocess — still j)roceeding — are we to draw a 
line anywhere saying that on one .•<ide of it is 
transition — medifcvalism — on the other modern- 
ity ? There is reason in the view which lake's 
the close of the eighteenth century as the dividing 
line, on the double ground that the French 
Revolution politically rang the knell of absolutist 
and aristocratic systems of government, and that 
socially the industrial revolution — which, by the 
development of nlaohi^e^ 5 ^ made manufnef uring 
possible on an (mormons scale — introduced the 
most essential features of modern life. 

A Sound Popular Instinct. On the 

other hand, there is reason also in the view 
whic'h finds the starting point of progress, the 
emergence from barbarism, in the intellectual 
and ft'sthctic revival which bi'gan in Italy before 
t}i(5 thirteenth century was well ended. Ther<,i 
is less reason in the purely picturesque popular 
distinction which realises the “ Middle Ages ” 
as the time when battles were fought by mail- 
clad knights, and modem times as the period in 
which gunpowder had made the coat of mail 
absurd. Nevertheless, this popular; distinction 
does happen, in point of time, to. qoineidc with 
a line of ’ demarcation which seems on the whole 
to ha ve a stronger> claim to acceptancie on general 
grounds than either the French Ilevolution oje 
the beginning of the Renaissance. • ^ 

The True Change to Modernity: 

Between l440 and 1520 many events took place— ^ 
beginning with the invention of the printing- 
pre^M and ending with the Diet of tVorms— any 


of which ,may from certain points of view be 
claimed as “ epoch-making.” There are so 
many fields in which at some moment during 
thost^ years one era may be said * to end and 
another to lu^gin that colh'ctively they 'may 
be regarded as the passing from medi«x»valism 
to modernity. 

. pour Epoch-Making Events, The first 
of these events is the invcnition of printing, of 
which the full effects did not immediately make 
themselves felt, but which meant that informa- 
tion and knowledge could soon be communicated 
prbi el orhi ; no group of persons c(mld claim to 
be the solo guarciian.s of the arcana accumU: 
lat(‘d wi.sd(Tm. The, gencTal public slowly 
acquired the data for inquiry and criticism. 

The second is the fall of Constantinople. 
Byzantium had carried on the Gra^cci- Roman 
tradition. With its fall the south I'ast of 
Europe became, not a link between East and 
West, and between the old and the new, but 
definitely Oriental and Mohammedan ; noo- 
Oriental, that is, with its past dating from the 
Hegira. The East had di'finitely bc^como the 
aggressor against the Wc'st. 

Third is the discovery of the New World by 
Chri8to})hpr ('olumbus, and of the Cape route to 
India by Va.seo da (hnna, which made the ocean 
the great highway of the nations, and fleets the 
insfrumc'nt of eomiiKTcial success and the 
guarunt(‘o of ('xpansion outside Eurojic. 

Fourth is the challenge to the pa])acv flung 
down by Martin Luth(*r — epoch-making, not 
as being the lirst of such ehalhuiges, but as being 
the first which r(*sulte(l in a permanent recon- 
struction of the religions basis of Europi^an 
society, and in extensive political changes 
att(.*ndant thereem. 

Growths in Art and Politics. As 

distinguislied from these events, certain tenff- 
emdes may be marked as reaching a climax or 
H decisive stage at this period. In Italy the 
ie.sthelic Renais.sance reached its culminating 
point in the fields of painting and sculpture; 
the intellectual impulse, no longer concentrated 
in the south, was being eommunieated to the 
■northern peoples. 

’ The tendency to form large homogeneous states 
with a strong central government was overcoming 
the tendency to disifttegration inherent to 
leudalist^. ' In England, it is true, the principle 
had triumphed long before — it was only a 
ketion which was countered by the establish 
ment of the Tudor monarchy. Now, however, 
'France, under Louis XI. and Charles VIII , and 
Spain, under Ferdinand and Isabella, had been 
added to the lists of clearly defined states, and 



THIS GROUP TELLS THE STORY OF THE WORLD FOR TEN THOUSAND YEARS 

2686 



GROUP 7-HI8TORV 

tho new conception expressed in the phrase 
“ tho balance of power *’ assumed a dominant 
value in international politics. 

Gunpowder and the Tudors. Finally, 
a place, though not the first place, must be 
given to the revolution in tho art of war effected 
by gunpowder, which had now become an 
assured if not an actually accomplished fact.. 
In England, it may be added, the selected line 
of demarcation is peculiarly convenient, because 
it. coincides with a landmark in tho history of 
tho country — the establishment of . a particu- 
larly vigorous and notable dynasty. Modem 
England is introduced under tho auspices of the 
House of Tudor, which supplied us with five 
monarchs, of whom three were unusually capable. 

“Mediaeval** history, then, ends , and 

modem ** history begins— at least, so far as 
concerns Western Europe — ^with the opening 
years of tho sixteenth century. And modern 
history itself finds a point of definite division in 
the' epoch of tho French Revolution. Tho years 
from the Reformation — Luther’s defiance of the 
papacy — to tho French Revolution form, a 
clearly marked period in which the conse- 
quences of tho events just enumerated ripen. 

The Outburst of Liberated Science. 
The effects of the increased facilities for communi- 
cating knowledge, criticism, and ideas ramified 
into every department of human endeavour. 
After centuries of stagnation, even of retro- 
gression, science — in the sense of knowledge of 
natural laws — progressed enormously. The 200 
years which begin with Copernicus and end with 
Isaac Newton, whoso middle period is associated 
with the names of Galileo, Kepler, and Francis 
Bacon, saw physics revolutionised, astrology 
displaced by astronomy, and the search for the 
Philosopher’s Stone by a practical chemistry ; 
while the eighteenth century witnessed tho in- 
vention of machinery, which completely changed 
tho conditions of labour, tho first practical ap- 
plication of steam-power, and almost the first 
investigations of tho nature of electricity. 

The Rise of Great Literatures. With 
the exception of Italian literature, which, like 
Italian art, had already attained its zenith, all 
the great literatures of Europe came into being — 
though the Middle Ages had produced precursors, 
such as Chaucer in England — and achieved a 
splendour which remained unsurpassed, if not 
altogether unmatched, oven in the period of tho 
French Revolution or in the nineteenth century. 
The one exception was Germany, where, at the 
close of the period, Goethe had indeed risen above 
the horizon ; but Faust ” was still unwritten, 
and Lessing’s was almost the only name of con- 
sequence in puro literature. The sixteenth 
century produced the Portugese Gamoens, 
d^nsard and tho Pl^iado and Montaigne in 
^Imnce, Oervanles in Spain, Tasso in Italy, and 
in England the tremendous group of ** Eliza- 
bethans,” whose work extends roughly over tho 
forty years from 1580 to 1620. To the next 
century Calderon in Spain, Milton and 

Diydea with Runyan and Dmoe in England, 
ana in Fraiu^ the three great dramatists-^rn* 


eille, Moli^re,wand Racine--^aB well as the sohooL 
of critics, he^ed by Boileau, who dominated 
European literature for nearly a hundred years.. 

Literary Artifice Introduced by 
Criticism. - Under this last influence intellect- 
uality triumphed over passion, spontaneity Was 
depressed by artificial rules ; it is curious to 
remark that in England the term “ artificial ” 
was complimentary. Hence the victorious 
romantic reaction which followed this period 
makes the present-day critic inclined to deny 
that the i)re-Revolution poets of. tho eighteenth 
century were poets at all. Through most of the 
eighteenth century classicalism held tho field, 
tragedy ceased to .bo dramatic, satire and 
epigram flourished, but the lyric was at a. dis- 
count ; it was an age of essayists in prose or 
verse, though the tender emotions still found 
occasional expression. 

The New Impetus to Philosophy. 

Neither in the field of prose literature nor in 
that of natural science would these deV^p- 
nients have been possible — at least in their 
fulness — but for the invention of the printing- 
] )ress. The same is true of dev elopmei^i^in a tl^d 
field which has affinities both with science and 
literature — the field which is vaguely and gener- 
ally termed ” philosophy.” The ” scholasticism ” 
of the Middle Ages was not, indeed, so utterly 
sterile as is sometimes represented. In con- 
junction with the Reformation, which liberated 
thinkers from the necc.ssity of compelling at 
least their publicly expressed conclusions to 
conform with the authorised dogmas of tho 
(Jhurch, the printing-press helped both to 
record the data for formulating new ideas 
and to popularise new conclusions. In' tho 
sixteenth century the great theological contest 
absorbed attention, but the seventeenth pro- 
duced the great names of Descartes, Spinoza, and 
Lt'ibnilz ; the next, -Berkeley, Hume, and Kant. 

The Philosophy of Government. 
Metaphysics, however, with mental and moral 
science, exercise a direct influence only on the 
few. Of more i)ractically recognisable effect was 
the revived study of political theory, which may 
bo said to have started with tho publication of 
Machiavelli’s ” Prince ” shortly after that states- 
man’s death, in 1527, That work is a handbook 
of monarchism divorced from ethics, but it is an 
analysis of method rather than an examination of 
principles. The truth that the establishment of a 
strong central government was a manifest politi- 
cal necessity for every state which wished to hold 
its own accounts for the fact that the theorists, 
from Machiavelli through Jean Bo4Jn to Hobbes, 
were always advocates of monarchism, though 
Hooper, in his “Ecclesiastical Polity,” imphes* 
something like the ultimate sovereignty of the 
people. The philosophical thesis, however, was 
assuming by tho middle of the seventeenth 
century the character of a political propaganda ; 
constitutionalists, as well as absolutists, were in 
search of a theoretic warrant for their practical 
demands. The embodiment of the {principles of 
the “ glorious revolution ” of 1688 in the con- 
stitutional gospel of John Locke, in spite of 
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prolixity and of a certain haziness, not only 
satisfied the Whig demands but influenced 
thinkers abroad. l^fontcsquieu, analysing the 
functions of the state on the basis of what niav be 
called comparative history and comparative law, 
pointed to British constitutionalism as the highest 
actual achievement in the art of government ; 
the Encyclopaedists undermined the logical 
defences of the “ Ancien Regime ” ; Rousseau’s 
“ Contrat Social ” captured the popular imagina- 
tion, and became a mighty agent in producing the 
revolution itself. In practical manner the pen 
was seen to be no less mighty than the sword. 

Pressure on Europe from the East. 

The fall of Constantinople was an event exceed- 


sion they did not greatly embroil themselvo 
in the stniggle which the barrier states were 
obliged to maintain. 

The Decline of Eastern Influence. 

Byzantium itself had long ceased to exercise any 
fascination or any markeci influence over the 
Teutonic or Latin peoples ; and the substitution of 
an aggressive Mohammedan power for a decaying 
Christian power in the Balkan peninsula was to 
all, except the barrier states, a matter of import- 
ance potential rather than actual. Moreover, 
the associated commercial problems, which other- 
wise might have forced themselves upon the 
West, were considerably modified by the steady 
and important development of the Atlantic as a 
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ingly striking to the imagination, but one of 
which the effect on the Western world may be 
exaggerated. The spirit which had flung the 
chivalry of the West against the East, the spirit 
of the Crusades, had all but spent itself 200 years 
before. The Austrian Hapsburgs, essentially a 
Western Power, were to find their Western 
policy for two and a half centuries continually 
hampered by the pressure of the Ottomans on the 
east. When the Ottoman power began to decline, 
the other Western states began also to interest 
themselves in an Eastern question, which did 
not, however, become acute, as far as they were 
concerned, till the nineteenth century. On the 
other hand, during the period of Turkish aggres- 


commercial highway. 

The Circulation of Eastern Manu 
scripts. Again, it is probable that too much 
has often been made of the effect of the fall of 
Constantinople on the intellectual movement of 
the West. The dispersion of Greek scholarship 
and Greek manuscripts which (msiied did, no 
doubt, give an additional impulse to the study 
of the Greek tongue and the Greek authors of 
antiquity. But the classical revival had already 
begun in Italy ; the demand for scholars and 
manuscripts had already been created, and the 
supply would have followed, though more 
gradually, even if the Turk had been driven 
over the Bosphorus. 
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The New Openings Westward. Of our 

third great event, or pair of events, however, it 
would bo diffieult to overestimate the significance 
and the import^ance of their development. In 
ancient times Greeks and Komans had indeed 
colonised Western Asia and the Mediterranean 
coast of North Africa. But the eastward move- 
ment had soon found its limit, had ceased, and 
had been revived only in very inefficient form 
by the C/rusades, to p(?ri»h again, submerged by 
the Turkish wave. It seemed that the peoples of 
Western Europe would be confined within the 
geographical limits of the continent. Now, 
however, the pathless ocean was converted into 
a highway to new regions, offering space to 
expand in, which might be called boundless, and 
infinite opportunities of commercial exploitation. 

The Effects of Naval Supremacy. At 

first, indeed, the gold and silver of the West and 
the spices of the East seemed to be the chief prizes, 
and the monopoly thereof seemed to have fallen 
respectively to the Spaniards and the Portuguese. 
But then the monopoly was challenged by tbo 
two states which developed a maritime power 
greater than that of the monopolists. Dutch 
and English displaced the Portuguese in Indian 
waters, and the English found in North America 
a possession which they turned to better account 
than did the Spaniards theirs in the Southern 
continent. Then the Erench entered upon a 
rivalry with the English in India and in North 
America. The issue between the rival colonists 
in the West and the rival traders in the East 
involved them, and with them the parent states, 
in contests which meant in both regions the 
elfacement of the one and the establishment of 
the other as monopolist. In both regions the 
British triumph was complete, owing primarily 
to the fact that the British concentrated their 
efforts on establishing naval suijremacy, thus 
maintaining their own comnmnications and 
cutting off those of their rivals ; whereas the 
French, not realising this essential condition of a 
successful contest, allowed their energies to bo 
simultaneously distracted by wars on the 
European continent. The \ictory of the British 
race took a new development when the race itself 
bifurcat('d into two nations as the result of a 
quarrel between the American colonists and the 
mother country, but that development was only 
in its initial stage at the close of our period. 

The Revolt Against the Papacy. The 
fourth crucial event was Luther’s challenge to the 
pretensions of the papacy. Those pretensions 
were both political and dogmatic. Politically 
they had attaint their effective maximum in the 
thirteenth century, and had been weakened but 
not destroyed by the Babylonish captivity of 
Avignon and the Great Schism. Dogmatically 
;^ey had been assailed by Wycliffites and 
Hussites, but the assault had apparently been 
repulsed. Now, however, the renewed attack 
by Luther developed into the revolt against 
Rome, both political and dogmatic, of approxi- 
mately the northern liatf at Western Christendom. 
In the Soutiiem states, Rome retained dogmatic 
dominatidn^hy excepting political alliances. 


Conscience Without Toleration. Dog- 
matically, Protestantism rests on the individual s 
duty to obey his own conscience, and his right to 
follow his own reason, even when counter to the 
dictates of authority. The Protestants claimed 
the right and asserted the duty for themselves, 
but were not for a long time generally disposedtp 
recognise cither the duty or the right in the case 
of persons whose conscience and reason led to 
conclusions differing from their own. In other 
words, Protestantism did not realise that tolera- 
tion was its logical corollary. It divided into 
camps, too antagonistic among themselves for the 
nations which adopted them to oppose a combined 
front to the attack of the papal powers. 

Religion Tied to Party. In many coun- 
tries, religious profession became so intimately 
connected with dynastic partisanship that 
“ heresy,” or “ papistry,” as the case might be, 
became treason in the eyes of rulers ; and in Eng- 
land and Scotland a similar relation arose between 
Prelatists, or Episcopalians, on the one hand, 
and Puritans, or Covenanters, on tho other, until 
mutual toleration was reluctantly accepted by 
both as the only security against papistry. 
Theological antagonisms, becoming exhausted 
among the educated classes, were replaced by a 
respectable indifferentisni and apathy which 
extended into tho moral and political spheres. 

In the sixteenth and seventeenth centuries, 
rtdigious convictions liad been marked by intens- 
ity, even when moral standards were low. In tho 
eighteenth, if moral standards were a shade more 
refined, religious convictions had given place to a 
tolerant scepticism which professed Deism and 
called it C’hristianity. Nevertheless, the instinc- 
tive demand for n^ligious emotion found notable 
expression in England in tho movement which 
bears the name of tho Wesleys, which was but one 
form of the revolt of idealism against tho self- 
satisfied materialism which devitalised Europe. 

The Changing Spirit of the Centuries. 
In the sixteenth century, the Western world was 
stirred, as it were, by a fresh access of youth. 
It was an age of heroic adventure, of young 
enthusiasms, of dramatic incident — tragic and 
otherwise — of supremely picturesque pcrsonali- 
i ies ; the ago which is su mined up in Shakespeare. 
This flow of youth docs not pervade tho century 
which follows — an age in which the enthusiasms 
are sterner, the great personalities more grim.' 
Its striking and characteristic figures are not 
Luther or Iioyola, Henry, Elizabeth, Drake, or 
Marlowe, but Gustavus, Wallenstein, Cromweli, 
Richelieu, Milton. When we pass on to the 
eighteenth, barbaric energy and P^itan grimness 
give way to a pervading artificiality, polished 
scepticism, commercial materialism ; there, are 
very few figures that can be called noble. Amoi^' 
its most prominent figures, save perhaps Chatham 
and Washington, Frederic stands among the men 
who may fairly called great ; Walpole is more 
characteristic. The first century gave us spring ; 
the second, summer and autumn; the thira, 
winter. But another spring wab to come, 
though with more in it of March than 'bf May. 

ARTHUR D. INNES 
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The Contractor’s Track, Locomotives and Waggons at Work. Finishing the 
Earthworks. Retaining Walls. Draining and Dreserving the Embankment 


MAKING THE 

T he earth is conveyed from the place where 
it is dug to the tip-head in waggons, of 
which there are two kinds- imd-tip and side- 
tip waggons, the uses of which have already 
been des(!ribed, and 15 and 16 give us a sufficient 
idea of the form and the arrangement of the 
2 >arts of a side-tip waggon. 

Temporary Way. It is usual to provide 
a temporary railrojul for these waggons, and the 
rails to be used subsequently in the pt'rrnancnt 
way are sometimes laid down. The objo<;tion 
to this, however, is that the rough work of 
conveying earth upon ill-laid temjwraiy roads 
is very apt to lead to t^o bending and distortion 
of the rails. The gauge of this temporary roiwl is 
usually 4 ft. R J in., though this is rather on acc‘ount 
of the convenience of using a standard gauge 
than for economy. Figs. 17 and 18 show coii- 
tnwjtor’s temporary lines. The former includes 
a bridge made with a second aieh so that 
the railway may lx? made four- track wide with- 
out unnecessary expense. If locomotives and 
trucks for a narrower gauge of either 3 ft. or a 
metre were ready to hand, the work couUl, in 
most cases, be done more economically by means 
of them. The rails for temporary purposes may 
weigh from 36 Ib. to .56 lb. per yd., and are of 
the ordinary Vignolcs section f 19]. These rails 
are laid upon sleepers, the dimensions of which 
are 8 ft. or 9 ft. by 8 in. or 9 in. by 4 in. The 
dimensions naturally vary considerably, and old 
sleepers discarded from a permanent way of an 
open railway arc frequently used. The sleepers 
ar# placed at distances apart which doj^end 
on the nature of the soil on which they are laid. 



In slushy places they will be nearly touching 
each other, and on hard ground as much as 3J ft. 
apart. If laid at a greater distance than 2 ft. 
6 in. apart the sleepers, however,' will suffer 
severely from the pressure of the rail upcii them. 

Rails. The rails possess considerable strength 
as girders, and do not bend very much in a vertical 
plane. The chief cause of the distortion of the 
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rail is tlio accidental derailment of the earth- 
filled waggons, and such accidents take place 
very frequently on the rouglily-Jaid temporary 
road. 

The rails arc fastened down to the sleepers 
by large nails about 3 in. long. These dogs, 
as they are called, have, a chisel edge, and are 
so driven that the edge is placed across the grain 
of the wood. Tn driving the dog the fibre of the 
wood is thus displaced longitudinally instead of 
latitudinally, thus avoiding any tendency to 
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32)lit the sleeper. The form of these nails 
is show’n in 20. 

Tw'o dogs are j^laced in each sleeper, but not 
opposite to one another, as this would increase 
the likelihood of the wood giving way Atten- 
tion should be paid to the position of the dogs. 
In 21, A B represents the rail. If the dogs, 
inst<‘ad (f being driven as shown in black, 
were put as indicated by the oj)en lines, the rail 
when bent laterally, so as to be convexed tow^ards 
the bottom of tlio page, w'ould be loosened from 
its fastenings. ’Hie dogs, therefore, arc always 
knocked in as shown in the figure, those on the 
opposite rail being in the same position reversed, so 
that the sleeper is kept at light angles to the rails. 

Sleepevd- .When the sleepers have been 
taken up and replaced several times — and such 
changes are necessarily very frequent on the 
temporary road — the dogs must always be 
driven in at a fresh }))ace. 

In time the wood of the sleepers becomes 
much weakened. Tlu’cc dogs are often necessaiy, 
in which case it is usual to put two alternately 
on the inside and on the outside of the rail. 
When the timber of the sleepers no longer seems 
equal to holding them with sufficient firmness 
to secure the rail, planks may be laid down 
upon the sleepers on the outer side of the rail, 
and after being pressed against the rail may be 
nailed down on to the sleepers, forming a strong 
lateral support. This course is specially usefm 
at crossings, where abrupt changes in the direc- 
tion of me waggon cause considerable side 
pressure on the rails. 
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Laying tne Rails. Tlio length of the 
raite will vary from 15 ft. to 30 ft., and num- 
bers of shorter lengths will l>e required for 
junctions, at the tip-head, and also whore tho 
steam navvy is at work. In laying them, 
the ground is first levelled ; the slwpers are 
then laid down in place at a distance apart 
which depends upon tho nature of the soil. 
The rails are then 
placed upon them, 
two or three men 
carrying each rail 
and laying it upon 
the sleepers. The 
ends of the rails 
are then fixed by 
knocking dogs into 
the 8leiq)ci*s nearest 
their extremity. 

The rails are after- 
wards similarly 
fixed to the intor- 
mediat*^ sleepers. 

'I'he rails are kept 

at the right dis- 17 . c'02^tk.4CTOk s 

tance apart while 

being la-d with the help of an iron bar pro- 
vided with projections at right angles to it. 
This is laid across the rails, can^ being taken 
that it is at right angles to both of them. The 
projections are notched at their extremity, 
to enabl(5 tho distance between the rails to bo 
diminished at tho points and crossings, whore t-oo 
much cjloaranco betw()(*n the inside of the rails 
and the flanges of the wheels passing over them 
is dangerous. 

When tho sleepers 
sink into the earth 
and the rails get 
out of level, tho 
formor may be 
packed up, as tho 
operation is called, 
by shovelling earth 
beneath them. j 

The rails are ! 
joined together by 
means of fish- 
plates, forming a 
joint, an illustra- 
tion of which is 
given in 22. , 

S lew i n g . 

When • for any 
reason the tempo- 
rary line of rails 
should be moved 

on one side, the Ig contractor’s temp( 

^ CONSTRUCTION 

. lofined by a gang 

ten men provided with crowbars — long 

' Straight bars of iron with a chisel end/" First 
they move the earth from the end of the sleepers 
on the side towards which they are to be moved, 
so aa to prevent obstruction. Then they get into 
position, five men at each rail, standing with 
thw baeks to the direction of movement with 
ihMt eiowbarB between tneir legs. The crowbars 
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are then put underneath tho rails, between the 
sleepers, and, using them as a lever and tho eartl 
as a fulcrum, the men heave, raising tho end ol 
the bar in their hands. This raises the raih 
and the sleepers together, and tho whole structure 
slips on tho crowbars as they t(‘nd to (he vertica 
position, so that the whole road is shifted 
laterally in the direction desired. 

' It will be found 

that for the tem- 
porary railroad 
broad sl('e])ers art 
a mistake ; they 
are apt to be 
placed further apart 
than narrower onof 
and to rock as a 
train gex's ov(m 
them. This loose }n^ 
tho dogs and works 
away t lie earth from 
beneath them. 

When it is neces- 
sary to remove the 
TEMPORARY TRA(^K temporary road, the 

bolts are taken out 
of tho fish-plate and the dogs drawn from the 
sleepers. For the purpose of drawing tho dogs, 
the men should be provided with sjxuaal lovers, 
having a curved bifurcated fork at the end, to 
engage in tho oars of the dogs. By this means 
tho dogs are very cnisily drawn out, and 
unless this instrument is at hand the imai will 
<mdeavour to nunovc^ tlui dogs with a pickaxe, 
doing considerable damage? to tho slet;per. 

Points and 

Crossings. The 
points and cross- 
ings used on tho 
. temporary lino are 

similar to thiso 
required for tho 


permaiu'nt way, a 
full des(;ri p tion 
of which is given 
undtT that head, 
but as a makeshift 
the arrangement 
illustrated in 23 is 
frequently used. 
A and B are. pieces 
of rail about 9 ft. 
long, hinged at 
and B’ by means 
of loose fish-})lates. 
This enables them 
to ho set in lino 
ARY LINES DURING THE tails piWS- 

V A RAILWAY '«8 ® 

rails passing to 1^ 

Of these the right-band rail of the one is at a 
distance from the left-hand rail of the other, and 
vice versd, such that as on reaching AB the flai^es 
of the wheel can just pass between. (’D is a 
short piece of rail hinged in the same way, and 
when in position, as shown in the figure, it passes 
over the other rail which it crosses. 

From what has already been said it will be 
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seen that the temporary road used for shifting 
the earth is neither very strong nor very 
carefully constructed ; indeed, it would be 
un-economical to make it any better than is 
absolutely necessary for the work. It is con- 
sequently unsafe for an engine to be pushing a 
line of waggons, whether 
full or empty, at a high 
speed upon the temporary 
road. 

Position of Loco- 
motive. As it is im- 
portant for the locomotive 
drawing a train to be 
always in front of it, many 
devices are adopted to 
change the position of the 
engine from the rear to the front of the 
train. The most obvious method is that 
illustrated in 24. The engine merely shunts 
the train into a siding communicating at both 
ends with the main line, and then detaching 
itself goes back and returns via the main line 
to re- attach itself at the other 
end of the train. 

Reversing the Loco- 
motive. The method de- 
scribed docs not reverse the 




i 
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20. DOQ SPIKES 



reverse 

engine — which can be reverserl, 
in the absence of a turntable, 
only by means of such an 
arrangement as is illustrated 

in 26. The engine, it will he 21 . fixinc; the kails wuth non spikes 
seen, is reversed by running 
over the triangle. Frequently the engines are 
not reversed from the beginning of a job to the 
end, though unless there is an arrangement to 
strew sand on the rails both in front and behind 
the wheels groat ineonvonionce is caus<‘d. 

It may happen that there is no siding sufh- 
cisutly long to accommodate 
the train and communicadng 
at each end with the main line 
at the spot whore it i.s neces- 
.sary that the locomotive 
should be changed from end to end of a train. 

Under such circumstances, means such as that 
illustrated in 26 may be employed. The lino 
CA leads, perhaps, from the place where the 
steam navvy is at work, the engine is drawing 
the train from A towards C, but desires to take 
it in the direction CD. In the ordinary course 


reverses, and, putting on steam, runs along Bi) 
towards D, passing C before the remainder of 
the train, still moving by virtue of its initial 
velocity, arrives there ; at D the engine stops 
w»hile the waggons slowly pass over the junction 
C and come to a stop at B, when the engine 

ca-n again be attached, 

and at the right end. 
This method, which is 
very convenient and ob- 
viates the necessity for a 
special siding, requires for 
consistent success that 
there should be a mode- 
rate slope from A to B to 
prevent the waggons from 
losing their speed too 
quickly. The waggons may otherwise come to 
a stop when only half over the junction of C, 
especially if a long train is being dealt with, 
thereby causing considerable delay and con 
fusion. 

Another common way to elTect the same thing 
may be illustrated from 
the same figure. An engine 
pushing a train of waggons 
from B towcards D desires to 
7 fl change its position to the 
front of the train. CD may 
be a siding on an upward 
slope leading to a qu.arry 
or spoil hank. The engine 
pushes the trucks up CA 
with sonKi speed, but de- 
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tachos itself before reaching C, and slows down. 
After the waggons have passed on to CA the 
points are altere^cJ, and the engine luns on to 
CD. The waggons, after coming to rest, nm 
back of their own accord and come to a stop 
on CB, when the engine can reconnect itself 
at the right end. This pro- 
cess may be reversed and the 
engine bo returned again to 
the former end of the train, 
as is often necessary when 
waggons have to be pushed up to a steam 
navvy which might be working in a blind or 
dead e nd at A. In these cases, as before, there 
is danger of the waggons stopping when but 
half over the junction. Manual labour must 
then be resorted to, 
and the trucks moved 



makeshift point and crossing 
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of things, being already in front of the train, 
it would be necessaiy to push it towards D, 
and to avert this the following manoeuvres are 
performed. The engine, while coming along 
AC at the bead of the train, is detach^, and, 
increasibg . its speeds nins on to B. Here it 
2602 


separately by levers 
between the spokes. 

Derailment of 
Waggons. On the 

t empo^gtry line of way 
waggons containing 
earth are frequently 
derailed. The first 
thing to do in an acci- 
dent of this kind is to 
disconnect the waggons from each other, then the 
engine, supposing it to be still on the line, as 
usually happens, proceeds to exert itself on the 
nearest truck off the line, provided the lower 
wheels and framework are entire. It is not 
difficult to get that wheel on to the line which 
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has oome o£E on tho inside of the rails, or it 
would not be difficult if it wore not for tho 
other wheel which has necessarily gone oi! on 
the outside of the rails so that tho flange of 
the wheel is in the way in replacing it. In every 
case the method adopted is to extemporise an 
inclin^ plane on which the flanges of the wheel 
can roU, by means of loose sleepers and blocks of 
wood roughly hewn 
for the purpose, 
engine is 
us^ to 
pull the 
nearest 
wagg o n 
up the 
incline 

till the bottom of the flanges of the wheels 
are on a level with the top of tho rail, when 
they can bo slipped on to them. Such an 
operation can often bo performed without tho 
necessity of emptying tho waggons. 

Reveraing Waggons. Although it often 
happens for want of means of reversing that 
tho locomotives may continue at work with 
their funnels in one direction for a consider- 
•able time, this can seldom apply to tho 
waggons, otherwise end-tip w'aggons could bo 
used only to tip at one end of the advancing 
railway, and side-tip waggons only on one side 
of the railway. A contrivance, therefore, is 
absolutely necessary for reversing 
waggons, though it be too lightly . 

constructed for the reversal of 
engines, or even for the waggons 
themselves if loaded. A sketch 
of one of these is 
given in 27. The two 
circular pieces, B and 
C, shde upon one 
another while revolv- 
ing on a bolt passing 
through centre of both. 
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25 . SHUNTING ARRANGEMENT FOR REVERSING 
ENGINE 

The contiguous surfaces obtained by means of 


embankment is not found to hold so firmly 
together eus tho undisturbed earth at the side of 
a cutting. The most common slope for general 
purposes in cuttings is one to one, and for 
embankment one and a half to one. 

Trimming. As already pointed out, tho 
slopes of cuttings are usually trimmed to tho 
ultimate profile with greatest economy shortly 
after excavation by 
means of a steam navvy 
has been 
c o m - 
p le ted. 
It is, how- 
ever, fre- 
quently a 
waste of 

labour to do more than remove roughly tho 
surplus material from the side of tho cutting, 
since slips may subsequently occur which will 
require a more accurate trimming to bo done 
over again. This is especially the case in a 
clay soil, as tlie behaviour of this material, 
when exposed to the weather, is often very 
treacherous. Embankments being liable to 
settlement or shrinkage, it is advisable to 
allow a considerable time after tipping before 
tho trimming is completed, unless tho degree 
of settlement or shrinkage can, by experience, 
be so well gauged as to enable tho sides to 
be trimmed to an angle which will subse- 
quently come to be that of the 
. • proper profile of the enkankment. 
Tho process of trimming is per- 
formed, lirst of all, by dressing 
tho slope to the correct angle and 
))osition at places from 
throe to four chains 
apart. Where tho lino 
is on a curve, they must, 
of course, bo made more 
frequent. Tho slope is 
triangle, called a haJUer 


[28], provided witli a plumb-bob in its shortest 
side. Tho proper position and angle of tho 
slopes having been obtained at short distances 
apart, tho earth is readily trimmed evenly be- 
tween them. To avoid siibseciucnt slipping of 
tho material, it is frequently found necessary to 
drain tho slope by means of ditches 2 ft. or 3 ft. 


are greased so as to diminish friction. The two 
rails are thinned out at their longer extremity 
so that when this arrangement is placed bo- 
tween the rail of the temporary way these 
extremities can bo lowered upon the latter 
and the waggon run up upon them until its 
centre of gravity is approximately just over 
tho central bolt, when two men can easily lift 
the extremities of the rail, and cause the 
circulai piece B to re- 
volve upon C. The n 

thinned out ex- ^ 1 1 | j 

tremities of the rail J U 

are then set down 

on the other side. emergency shunting arrangement 



and the waggon allowed to roll off on this 
opposite side. 

Cuttings and BmbanKments. The 

laterd stability of a cutting or embankment is 
seoured by sloping the earth away or supporting 
the side by means of retaining wails. The 
fomer, being the cheapest and most general, 
will be oonsidered first. The slope adopted for 
ontting may usually be steeper than that for 
embankmeiit, since the material oi a tipped 


wide, and from 9 in. to 18 in. deep, which may 
be filled with rubble stone, or with bricks. Those 
usually extend about three-quarters of the way 
up the slope, throwing off two or more branches 
sloping upwards towards tho top. 

Soiling. When tho slopes have been 
tdmmed, and any necessary drains completed, 
the surface is advantageously covered with a 
layer of vegetable soil, 6 in. or 8 in. deep. This 
soil is best obtained by removing tho surface 
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of the ground to tho same depth before exca- 
vating or tipping upon it. In most cases, tho 
amount of soil thus obtained will bo amply 
sufficient for covering tho slopes to the .?ame 
depth, and in a grass country sods may bo cut 
from the original surface of tho ground and 
stored, to cover the slopes subsequently. 

If X [29] measure to the height of an embank- 
ment, and y its 


I 






Wi- 






broadth at the 
top, also n the 
co-tangent of 
the angle 
slope, then, in 
the case where 
tho quantity 
of surface soil 
is no more 
than su/pfierU 
to cover tho 
slopes, 

y 4- 2nx — 2x 4- 1 ; y -2« ( Jn- 4- 1 - n) 

^ ^ ^ 

*■ 2(V»» + i - «). 

As it is obvious that, in the case of a very low 
embankment, the surface soil would more than 
suffice, it is evident that this value of x repre- 
sents the greatest height to which an embank- 
ment could bo carried if the soil required for the 
slopes were entirely pro- 
vided from the original 
surface excavated to the 
same depth. 

X is smallest when y is least and n is 
greatest, so that the most unfavour- 
able case would bo that of a single line of way 
on an embankment wdth gentle slopes. Taking, 
therefore, the former at 16 ft., and the latter 
at 2, we find that 

g 

X = ~ ~ == 35 ft. nearly 

The process of laying tho soil upon tho slopes 
is more difficult in cuttings than upon embank- 
ments, in spite of the fact that in the latter case 
the soil has to be got up the sides, and in the 
former it has only to be let down. Tlie reason for 
this is that the slope on tho em bnnkment is always 
loss than that of a cutting excavated from the 
same material, and when the earth 
is thrown with tho spade on to tho 
side of a cutting of 
tho usual slope, 
about one to one, a 
larg 
wiU 


£hLa 
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portion of it 



of seed consists of 1 lb. of clover to 2 lb. of 
rye grass. 

The object of the grass is to protect the sides 
of the slope from the denudation of rain and 
water. The grass presents its leaves, and thus 
protects the soil beneath it, at the same time 
binding it together with its roots. The.4)bject 
of soiling is to assist the growth of the grass, 

and as tho soil is 
in greater danger 
of being washed 
away before the 
grass has grown 
sufficiently to 
protect it, it is 
undesirable that 
the soiling of 
slopes should be 
proceeded with 
too long before 
the time of 
year suitable for growing the gr»iss. 

Retaining Walls. When it is decided, 
cither on account of the nature of the ground or 
because of the value of tho land, to support the 
sidt^s of a cutting or embankment by means of 
walls, they may be built in the form shown* 
in 30, according to the following rule. 

If tho wall be not surcharged — that is to say, 
if the earth behind the w'all be level with the top 
of it, the thickness of 
the wall at; formation 
lev(‘l should bo made 
two-fifths of H, the 
height of the w^all above 
this level. If, on tho 
contrary, the wall be sur- 
charged, and tho earth 
rises above the top, tho 
length 1 1 should be set 
off up the slope, fis shown in tho figure, and 
its vertical projection added (o H, so as to make 
ir as shown in the figure ; two-fifths of this is 
then taken as the thickness of the wall at for- 
mation level. Formation level is, of course, 
tho level of tho ground upon which the perma- 
nent way is laid, and in tho cose of embank- 
ments, i]ie ordinary level of the country applies 
instead of it. It will bo seen by the figure that 
the retaining wall is built on a bed of concrete. 

It may bo necessary to vary the 
quantity and thickness of this 
according to tho 
nature of the soil 
in which it is 
built. The cost 
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diately to roll down 
to tho bottom. Thus, in soiling the slopes of 
cuttings it is usually necessary to place boards 
at intervals horizontally along the slope, and by 
means of stakes to erect them, and maintain 
them at right angles to the slope, while the 
soiling is being carried out. 

Sowing* When the soiling is complete, 
the sides tke slope are sown with grass. 
About three bushels of grass seed will suffice 
for an acre of Uie slope. A common mixture 
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usually less than 
that of brickwork, but tho reason for using 
concrete for the foundations of retaining walls 
rather ^ than extending the brickwork lower 
down is that the concrete can bo put in 
without disturbing the earth at the side. This 
could not be done with brickwork, and as 
retaining walls usually fail by sliding forward 
bo^ly rather than by being overturned, it is 
desirable to have the earth opposing this move- 
ment in the firmest possible condition, and this 
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b provided by leaving it in its undisturbed 
natural state. 

Preservation of Earthworks. In 

addition to soiling the slopes of cuttings and 
embankments, it is economical to round ofl the 
toes and shoulders of the work, to pave 
the ditches, and to provide tile drains for 
6ub -surface drainage. The 
original cost of doing 
this is, however, consider- 
able, and is often shirked, 
in spite of the fact that 
the work is fully justified 
by the subsequent saving 
effected in making good 
the effects of weather and 
floods, etc. 

The greatest care should 
bo taken that tKo top of an 
embankment does not be- 
come hollow like a trough. 

It frequently happens 
that the slee^rs of the 
temporary road are packed 
up with earth at the ends, 
leaving a longitudinal de- 
plosion in the centre. 

Before the permanent way 
is begun, or before the 
ballast is brought on to 
the line, this matter should 
bo looked into, and the 
hollow, if present, should 
be filled with earth and 
rammed tight, otherwise it 
will bo filled with ballast 
and perpetuated. After 
heavy falls of rain the 
water will then collect in 
pools beneath the sleepers, 
and ultimately work its way 
into the bank, softening 
it and causing spue-outs of earth below, and 
subsequently cracks and slips in the earthwork. 
This state of things once established is very 
difficult to remedy. 

Erosion of Banks. In places where 
floods are liable to take place, provision must be 
made to carry the water 
rapidly away, and to pre- 
vent damage to the 
banks 


Drainage. The secret of maintaining earth- 
works economically depends on the drainage. 
It must never bo forgotten that wot earth and 
dry earth are two materials whose properties are 


different — often very diffe- 
deed. Some clays, for 
though hard enough and 
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DIAGRAM ILLUSTRATING KKTAININO 
WALL BUILDING 
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erosion. Flat 
stones on edge — 
f.€., with their longest 
dimensions at right 
angleB to the surface of 
the earthwork, and their 
next longest dimension in the direc- 
tion of the flow of the water — afford 
the bwt protection. When the base of a 
l>ank is liable to be eroded by the wash 
of waves — not sea waves, but the wave action 
of Vuigo idieets of water— a sufficient pro- 
teetipn. iB often afforded by making the slop^ 
veiy flat 


excavation 
become by mere ex- 
posure to damp air a 
s(‘rni-fiuid mass of treacly 
consistency. Such material 
is, of course, worse than 
useless for any structure 
whatever; but every gra- 
dation exists, and it is fre- 
quently necessary to make 
a cutting in earth too 
treacherous to bo used in 
the formation of an em- 
bankment. Under these 
circumstances the exca- 
vated material must be 
tipped to “ spoil ” or waste. 
Often land must bo pur- 
chased to receive it. 

It must be romembere<l 
that the material used for 
embankment is subject to 
the endless pressure of its 
own weight, to disregard 
for the moment the pound- 
ing action of passing trains. 
Such pressures must be 
withstood while the earth 
is standing at an angle 
which is, as a rule, steeper 
than obtains in Nature. 
The side of a cutting made 
in a hillside is, for examples 
necessarily steeper than the part of the hill in 
which it is made, and it may bo steeper than 
the slope at which the earth will permanently 
remain under natural conditions. The only 
thing to do then is to insure that this earth bo 
dryer than natural conditions would allow. 
Thus artificial drainage is provided in a manner 
the principle of which is shown in 31 and 33. 

Catch* water Ditches. It will be ob 
served in tho illustrations referred to that a 
ditch (called a catch-water drain) is dug on tho 
upper side o! the earthwork, whether cutting or 
embankment, to carry off all suriaco 
water draining down the hill. 

Such ditches must 
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81. DRAINING A RAILWAY EMBANKMENT 

have a sufficient slope longitudinally to prevent 
any water standing in them, and for the same 
re^n should be periodically cleaned out. The 
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ditches provided on the lower side of an earth- 
work are not so important, since these have to 
receive only the small amount of drainage issuing 
from the earthwork itself. It will be seen also 
that the ground on which the permanent way is 
laid, or the formation level, is also sloped at 
I in 30, and in 38 a stone, faced drain ia provided 
to take off the water. This provision is not 
always necessary, though in wet cuttings even 
more elaborate arrangements may be desirable. 

Difficulties with Earthwork. Most of 
the troubles arising from suitable earthwork 
must bo attributed to the agency of water. A 
tyi)ical instance is illustrated in 32. Here we 
have a stratum of loam or marl containing a 
good deal of unctuous clay overlying a bed of 
hard rock, or some sub- 
stance impermeable to 
water. 

The result of this will 
be that the upper stratum 
will retain a good deal of 
water, of which a considerable amount will find 
its way down to the surface of the hard rock, 
and, being thu.s arrested, w ill remain to lubricant 
further any movenumt or slipping in this plane. 

In its natural condition, the slope towards 
the river being very giadual, it may be that 
there is no likelihood of any movement taking 
place. But as soon as the cutting is rnade an 
entirely different state of things supervenes, and 
there is danger that the bed of marl or loam may 
slide into the cutting as fast as it is made and 
continue to do so until the whole sid('. of the hill 
alwvej it is brought once more to the natural 
slope at which it originally rested, lender these 
circumstances, the l>cst plan is to drive a tuntud 
or heading some way back and liigher up the 
hill, as shown in the figure, so that all w’ater 
between the two strata is 8 t/ 0 [)ped here, and 
carried away to the m*areHt natural w'ater- 
course. This device, accompanied by catch 
water drains on the surface, W'ill 
usually suffice to maintain equi- 
librium. A more exptm- 

sive method w’ould be ; ^ 

, 6 

y,* 


bulk of solid t^ateri&l. He formed a secure 
foundation for heavy railway traffic in the 
following manner. Drains were cut about every 
five yards apart, and when the moss between 
them was quite dry, it was used for the embank- 
ment. On this were laid hurdles in single or 
double layers, and over them the ballast. By 
thorough draining in this way, cuttings as deep 
as 9 ft., and embankments as high as 12 ft., were 
formed in a substance in which an iron rod would 
sink with its own weight. In addition to good 
drainage, the introduction of the hurdles effected 
a wide and uniform distribution of the weight 
of the earllwork. This is an exceedingly impor- 
tant point in the forma- 
tion of embankments upon 
treacherous ground. The 
effect of drainage is to 
strengthen the material 
by increasing its resist- 

RAIMVAY WHBRK WATER CAUSES TROUBLE 

ping has once started, it is mucli more difficult to 
stop it than before it began. 

Earth Slips. Slips take place in surfaces 
hidden w ithin the material, and the particles of 
earth on these surfaces of slipping become 
turned as the slipping proceeds, thus loosening 
the material and affording readier access to the 
lubricating action of water, which immediately 
aggravab'S the slip. 

An engineer must, therefore, proceed with his 
work so that no mass of earth has to sustain 
pressures sufficient to cause slipping to begin, 
in whatever condition it may bo. A superficial 
slip — that is, a slip confincrl to the surface layers 
— is of small importance ; a d(»cp slip is naturally 
of greater consequence ; but the most serious is a 
deformation of the earth caus('cl by its particles 
slipping over each other in numerous surfaces 
tiiroughoul tlic ii\ass,and 
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this must be avoided by 



to throw a brick 


33. DRAINING A RAILWAY 
EMBANKMENT 


arch over the cutting and cover it in, thus re-estab- 
lishing the formei conditions as nearly as possible. 

In the formation of embankments, all danger- 
ous materials are, of course, avoided, and giving 
the railway the benefit of the doubt nieans dis- 
carding the material about which there is any 
q^uestion. But it frequently happens that the 
ioil upon which an embankment t.s to be built 
is of a very difficult character to deal with. 

Chatmoas. In the celebrated example of 
Chatmoss that was met with in building the first 
railway from Liverpool to Manchester, George 
Btophenefoh was oomronted with something litde 
Wter t^n a quagmire from 10 ft. to 35 ft. deep, 
and containing water to the extent of twice the 


preventing the appearance of 
any stresses sufficient to cause it. 

If an embankment origin- 
ally tipped in the form showm 
by the full lines in 34 subse- 
quently assumes the form indicated inexaggeration 
by the dotted lihcs, it is in a very b^id state. An im- 
mense amount of earth must be tippo<^before the 
requisite height is attained, for it will continue to 
spread out as the weight superposed increases. 
Hod the bank been originally formed at an easy 
enough slope, slipping woula never have begun, 
and all serious trouble might have been avoided. 

Similarly, when the earth upon which the 
embankment is tipped is at fault, the effect of 
imposing the extra weight of the bank on the 
su^ace of the soil is to cause profound deforma- . 
tion. Fig. 35 shows a common type. 

The soil sinks beneath the bank, but rises 
beyond its limits, probably causing damage to 
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adjoining property, and in any caao vastly 
increasing the amount of earth to be shifted. 

Had the hank been originally made in stages, as 
indicated in 36, this difficulty would in all prob* 
ability have been avoided. 

Tipping on Soft Ground. Tlie method 
in soft ground is to tip first the two small banks 
.whose inner outlines are indicated by the dotted 
lines, thus distributing moderate pressures over 
a large surface of soil. Any tendency to move- 
ment of the soil would be in 
the direction of a rising be- 
tween the two small banks. Of 
course, the appearance of such a 
thing would be a danger signal, 
showing the need for still wider iti 

distribution of weight; but the 34 sLipriNO of earthwork 
mo<rcmcnt Avould not greatly 



men! made upon the top of it in the ordinary 
way. The cost of this procedure of course, 
very heavy, and it is important that it should not 
bo undertaken unnect^ssarily, or where simpler 
devices woidd serve. Tn cases where it is decided 
to adopt the mc^thod it is necessary to caleulato 
the required depths of the trench with par- 
ticular care, as it is this dimension whierh 
determines both the efficiency and the cost 
of the w'ork. The expression 

1. - sin 0\^ 
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weaken the soil in resisting the motion which the 
completion of the bank will most tend to bring 
about, being in a different direction. The slip- 
ping of this earth must bo most carefully guarded 
against. It is a source of enormous expense. 

Tipping Doubtful Material. In tipping 
doubtful material, any expedient calculated to 
remove water and k(iop it away should receive 
('areful consideration. The work may even be 
stopped in wet w’eather. Snow should be 
removed before fresh 
maU^rial is tipped over 
it. In banks exceeding 
25 ft. in height it is 
better to include no 
material regarding the 
subsequent behaviour of 
which there is any ground for apprehension. 
If, in spite of every precaution, a serious slip 
take place in an important earthwork, it will 
often be found cheapest in th(5 long run to 
remove the whole of it and replace it with 
more stable material. The material removed 
may even bo dried and burnt in heaps with 
coal or wood, and put back. This is a very 
fundamental cure, provided the whole of 
bad earth be removed, since 
it converts it into one of 
the most satisfactory ma- 
tCTials of which an earth- 
work ^ can be made. But 
the expense is heavy, for, 
besides the c ost of handling, 
the fuel required amounts to 
about a temth of the weight of the mtiss if 
coal bo used, or more if wood be used. 

Foundations for Embankments. It 
is sometimes found necessary, in forming an 
embanknient over soft ground, to make a 
foundation for this superincumbent mass by 
digging a trench of equal width, the sides of 
wWch are trimmed to the slope natural to the 
soft ground in which it is cut. This trench is 
then filled with stable material, and the embank- 



gives tlie d(‘pth required in which 
w' is the w'ciight of the soft 
ground, tv is weight of the filling, 
both in lb. per cubic ft. ; G is th(» angle of 
n.atural slope, or angle of repose, of the soft 
ground, and h the height of the proposed 
embankment. 

Settlement of Embankment. The 

diminution in the bulk of artificially deposited 
earth begins at once and continues for years. 
Its amount varies very greatly according to 
the nature of the earth, its condition at the time 
it is put in place, and thc^ manner in wliicli this 
is done. The reduction in 
the height of an embank- 
ment which ultimately 
takes place from this* 
_ cause is seldom less than 

35. EMBANKMENT ON A FAULTY FOUND.MTON ^ eVCiy foot, and 

ofUm amounts to twice 
as much. No rule can be given that is likely 
to be of practical use on the ground ; but it is 
wc*ll to remember that earth will probably 
revert to the same density it possessed before 
it was dug in the first instance. 

Allowance must be miule for this in, the 
construction of embankments, and these should 
in all instances lie tipped so as to be of gre«ater 
height at first than the plans and sections re- 
quire by an amount which the 
\ experience* of the engineer ' 

may decide to be necessary. 
In default of this, or if the 
experience of the engineer 
misguide him, the height will 
have to be made good by sub- 
sequent additions of earth. 
This would not matter so mucli if the sub.sequent 
additions of earth, were confined to the top of 
the earthwork, but the effect of settlement is to 
reduce the slope of the sides at the same time, and 
the consequence is that the top of the embank- 
ment becomes in effect narrower than it w'as. 

Additional earth must therefore he placed on the 
side as well as on the top of the earthwork, and 
this addition of fresh earth to a slope alrt*ady par- 
tially consolidated is not conducive to solidity. 

R. W. WESTERN 



86. EMBANKMENT FOR A WEAK 
FOUNDATION 


A valnabU SsrUt of Teeholoal Dietionarios, explaiaiag Speeial Terms and Phrases, appears at 

the ead of the Self-Educator. 
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GROUP 9-LITERATURE ■ THE IMPERISHABLE RECORD OF THE MIND-CHAPTER 21 

A Short Study of Sfr Walter Scott and his Works. 

The Golden Key ' to the Kingdom of Romance. 

THE WAVERLEY NOVELS 


T here is a tendency among some latter- 
day critics to belittle the great 
figures of oii^r literary history. It is a 
simple way of attracting attention to one- 
self,: to quibble about Shakespeare, to 
grow querulous with Scott, to sneer at 
Dickens. To write of our literary heroes 
with anything of the old enthiisiLLsm, to 
avow oneself their thrall, is regarded, in 
certain quarters, as evidence of a common- 
place mind. Well, these little, pettifogging 
critics have their day and cease to be, and 
their scribblings vanish as utterly as the 
grass that withereth. The heroes remain ; 
nay, they grow greater, for their roots are 
deep-struck into the fruitful soil of their 
country’s life. Let us be nowise afraid of 
displaying too much enthusiasm in their 
praise, though we may be denied the gift 
of eloquence. If we are told that nobody 
reads Scott nowadays, that he is out of 
date, let us forthwith see that we re-read 
him. Happier still will be our condition if 
we have ‘any or all of his npvels with which 
to makci first acquaintance. 

One of the noblest heritages of the 
Britisher is that' glorious library of 
romance the Waverley ” novels. And 
soon or late most of us awaken to this 
knowledge ; he who' fails to apply it 
remains a poor man in inidst of plenty. 
As Hazlitt said so happily, Scott’s works, 
“ taken together, are almost like a new 
edition of human nature.” We arc en- 
thusiastic enough to believe that Scott is 
as much tead to-day as ever ; that he will 
be read as long as Edinburgh rock stands 
in the midst of an English-speaking town, 
even though the romantic castle around 
whase grey old walls he played in boyish, 
gaihes niay have crumbled into dust. 
Sc6tt is as ‘firmly rooted in our national 
life as fidinbiirgh rock in Scotla!nd’s soil. 

It is due to his novels that age cannot 
>yitlier nor custom stale the infinite charni 
of , Sir Walter Scott, (b.. 1771,; .d., 1832).* 
There are some writers who appeal to the 
idstincts‘of men and women only at par- 
ticular, periods of their lives: The Wizard 
of the North claifiis the love and hornage, 
if..nqt*.6f the seven ages, .of five of them at 


the least. He is easily first of the great 
writers of English fiction. He is the 
father of the historical romance. If from 
the wide range of English literature tWo 
champions only had to be selected as 
representative, the selection would surely 
fall on William Shakespeare and Walter 
Scott. From every point of view wc eould 
spare these least of all of our great imagin- 
ative writers. If the student, the greater 
part of whose time is devoted to other 
than literary studies, should ask us to 
name the minimum of books essential to 
culture in its highest sense, we should say 
without hesitation : Read and re-read 
and make companions of the Bible, the 
works of Shakespeare, and the works ot 
Walter Scott. 

But wc take it that the majority of the 
readers of this section of the Self- 
Editcatok are students first of English 
literature, its byways as well as its high- 
ways', and that’ therefore they seek 
guidance to inorc than the best books 
themselves ; that, in fact, as wc have before 
suggested, they look for the man behind 
tlie i)ook. In the case of Scott they have a 
Uoble quest. “ This was a man ! ” And wc 
must be brought face to face with him 
before we can fully appreciate the splendid 
work tliat is but part of him. Therefore, 
we \vould have the young student spend his 
days and nights after a while with Lock- 
hart’s “ Life the second lu^st biography 
in our language — and the equally moving 
pageji of the now famous “ Journal.” Such 
time would be profitably spent. 

! If this advice be taken as a counsel of 
perfection, well, there is an admirable 
monograph by Mr. Andrew Lang, in the 
“ Literary Lives ” series. This brief 
biography, or rather appreciation, breathes 
that spirit of critical hero-worship which 
none biit the best of men can inspire. 
Moreover, ]^th the pen of the gifted writer 
displayed to its fullest advantage, Mr. 
Lang brings before us the man of whom 
he writes— a man whose life was a greater 
romaiice than, perhaps, any that has been 
written putbf the fulness' of his own or any 
other man’s imagination. • 


EN^lil^H: LITERATURE, FOREIGN CLASSICS, AND JOUR^NALISM 
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Scott’s Aims as a Novelists The 

career of Sir Walter Scott illustrates, as Professor 
Raleigh XJoints out, the renewal and decision 
of the old battle between verse and prose for 
the prerogative possession of romantic themes. 
Scott “ took the bread out of the mouths of the 
novelists ** by his metrical romances, “ The 
Lay of the Last Minstrel” (1805), “Marmion” 
(1808), “ The Lady of the Lake ” (1810) ; then, 
turning to prose, ho proved that the historical 
and romantic interests need not bo imperilled 
by the admixture of qualities that are known 
only to prose. “ In his works the novel proper 
andf the romance, which had long been coquetting 
with each other, were at last w'edded.” Scott’s 
genius was stirred by several causes — among 
them being the French Revolution, the Napo- 
leonic wars, Percy’s “ Reliques of Ancient 
English Poetry,” the songs of Bums, the ballads 
of Biirger, and the early poems of Cootho. Nor 
must the example of Fielding be discounted. 
But the Irish novels of Maria Edgeworth first 
inspired in him the thought which found such 
eloquent expression in that vast treasure-house 
of literature, the “ Waverley ” novels. 

We commend to the student as steps pre- 
liminary to the reading of these novels (1) a 
consultation of the “ General Preface,” written 
by Scott ill 1829, which will be found in the first 
volume of all good editions ; and (2) the 
“ Epistle,” introductory to “ The Fortunes of 
Nigel,” written in 1822. Readers of tho“ Life” 
will appreciate the spur of necessity that drove 
Scott, who was never a laggard, to become a 
toiler by night and by day, in sickness and in 
health ; no. man of honour, genius, or spirit such 
as his was over made the love of gain less the 
purpose of his labours. Ho explains, in tho 
“ Epistle ” to which we refer, that he was quite 
aware of the aims of Fielding, Smollett, Le Sage, 
and others, as writers of novels, but he goes on 
to remark that it was enough for him could ho 
“ write with sense and spirit a few scenes, un- 
laboured and loosely put together, but which had 
sufficient interest in them to amuse in one corner 
tho pain of body ; in another to relievo anxiety 
of mind ; in a third place to unwrinklo a brow 
bent with the furrows of daily toil ; in another 
to filf the place of bad thoughts, or to suggest 
better ; in yet another to induce the idler to 
study the history of his country ; in all, save where 
the perusal interrupted the discharge of serious 
duties, to furnish harmless amusement.” 

History in Scott’s Novels. Others be- 
fore Scott, as both Professor Masson and Mr. Lang 
remind us, had attempted the historical novel, 
** but wholly without his knowledge of history 
and of the actual w^ay of living and thinking in 
various periods of the past.” He it was who first 
“ mode the dry bones of history live.” The 
casuill reader needs to be remind^ of the stores 
of varied and accurate learning which were 
garnered in Scott’s capacious mind. This man 
was a student from his youth upwards. It is 
important also to secure at the outset of our study 
of his historical woubBia knowledge of his methods 
of dc^i^ with history.' Scott’s plan was never to 
make a famous cliaracter o{ history the central 
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personage of his tale. He never ^ped with the 
records of actual events. But he achieved effects 
which were altogether denied to some of the 
most painstaking and letter-faithful among 
historians proper. 

In all that Scott wrote, we breathe the free 
air of tho mountain heights. He has made 
goodness interesting without beauty, without 
overmastering tragedy, without wallowing naked 
in the pathetic, without passion. 

Scott’s Manliness. His chivalry is a 
riiproach to all who seek to achieve fame by 
meaner methods. “Scott had a sense of the 
reverence of human things : he did not lack the 
imagination necessary for the portrayal of the 
c\dl and terrible, but ho did not seek success in 
that popular region. Scott was no prude, but he 
held -the young in reverence, knowing that 
among them ho must have many readers.” For 
the reader with any true feeling there can be 
few moments in modern literature more memo- 
rable than that in which Diana Vernon (in 
“ Rob Roy ”), stooping down from her Highland 
pony, bids her lover farewell for ever. Yet 
Carlyle, all of whose references to Scott are not 
ungenerous, has placed on record the remark 
that Scott “ fashions his characters from the 
skin inwards, never getting near tho heart of 
them.” Never was word more lightly spoken by 
man of intellectual weight. “ Never,” asks Mr. 
Lang, “ never near tho broken, stoical heart of 
Saunders Mucklcbaokit (in ‘ Tho Antiquary ’) ; 
of the fallen Brodwardino (in‘ Waverley *), happy 
in unsullied honour ; never near tho heart of the 
maddened Peter Peebles (in ‘ Redgauntlet ’) ; 
never near the flawless Christian heart of Bessy 
Maclure (in ‘ Old Mortality ’) ; or the heart of 
dauntless remorse of Nanty Ewart (in ‘ Red; 
gauntlet ’) ; or the heart of sacrificed love in 
riiana Vernon (Scott’s early love) ; or the stout 
heart of Dalgetty (in the ‘ Legend of Montrose ’), 
in the dungeon of Inveraray ; or the secret soul 
of Mary Stuart (in ‘ The Abbot ’), revealed when 
she is reminded of Sebastian’s bridal masque, and 
the deed of Kirk o’ Field ? ” . 

Scott’s Leading Characters. “The 
glory of Scott’s work,” says Andrew Lang, “ is, of 
course, not merely his wealth of incident, and hia 
natural gift of story-telling, but his crowd of 
characters, from his princes, such as James VI., 
an immortal picture, Louis XI., Elizabeth, Mary, 
Charles II., in flight or in such prosperity as he 
loved, to his Highland chiefs, his ploughmen, his 
lairds, Bucklaw, and old Redgauntlet the 
persecutor ; his copper captains in Alsatia, his 
Dailies, his Covenanting preachers, his Claver- 
house, his serving men, his Andreiy Fairservice, . 
his yeomen, his Dandie Dinmont, with the 
Dinmont family and ' terriers, his wild women 
— Meg Merrilies and Madge Wildfire ”—Nohia 
might be included ; “ his smugglers, his lawyers, 
from Pleydell to the elder Fairford, and even his 
bores, who, like Miss Austen’s bores, are cer- 
tainly too much with us — who can number the 
throng of such characters, all living and de- 
lightful 7 The author had, in imagination, lived 
closely and long with his people, whether of lus 
own day or of the p^t, before he laid brush 



canvas to execute their portraits. It is os the 
creator of a vast throng of living people of every 
grade, and every variety of nature, humour, and 
temperament, that Scott, among liritish writers, 
is least remote from Shakes}X5are.” 

How to R.ead Scott*s Novels. When 
the student, either from Lockhart’s pages or 
those of Mr. Lang, has made himself eonversanb 
with the story of Schott’s life, he will find in the 
novels much of the inner history of that life 
rt^flected. The reading of the novels in the ordt^r 
in which they were written is a rov(‘lation, and 
we strongly recommend that plan both to the 
literary aspirant and the general reader. The 
“^Vaverloy ’ novels make excellent reading for 
the family circle ; Ave nu^an for the reading aloud, 
with discussion afterAvards, Avhich is an aid not 
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from the imrpose. Characters laxpand under 
my hand ; incidents are multiplied ; the story 
lingers while the materials increase : my regular 
mansion turns out a (Jothie anomaly, "and the 
Avork is closed long before I have attained the 
point I proposed.” Scott himself is his OAvn 
keenest critic. He tells us further: “When I 
light on such a character os Bailie Jarvie, or 
Dalgetty, my imagination brightens and my 
concept ion hoeomes clearer at every step Avhioh 
I take in his comp«any, althoiigli it leads me many 
a Aveary mile away from the n^gular road, and 
forces me to leap hedge and ditc^h to get back 
into the route again.” 

Scott’s Literary Style. It has to be 

remembered, also, that much Avhieli Avas now 
Avhen Se.ott Avroto has now become hackneyed. 



THE HOME OF SIR WALTER SCOTT— ABBOTSFORD, ON THE BANKS OF THE TWEED 

only to the better understanding of the author, and as wo do not base our claim for Scott on the 

but to many other things that are ecpially excellenoo of his plots, so we do not fall back 

desirable. Such a method of reading will bring upon his style, of which the best that can be 
out into strong relief the wholesome philosophy said is that it is*a free and easy medium wheroAvi I h 

of th<? author. Scott's noveLs, it must be he brings more A^aluablc things than style alone 

remembered, do not depend for their popularity before us. R. L. Stevenson, Avho loved Scoff 

finally upon their plots. Taking time to arrange and understood him as well as any critic that 

a story was a sore point with Scott. “ I have.” ever Avrote of him, said many severe things about 

he, has told us, “ repeatedly laid down my future his literary style, and noAvliere more aptly than 

work to scale, divided it into volumes and in “ A Gossip on Romance,” which is printed in 

chapters, and endeavoured to construct a story “ Memoirs and Portraits,” and should l>e reiul 

which I meant should evolvo itself gradually and by the student. Scott was to Stevenson, as 

strikingly, maintain suspense and stimulate to every reasonable student of him, so gigantic 

curiosity, and which, finally, should terminate that he could be made tlw^ subject of the severest 

in a sinking catastrophe. But I think there is a criticism in details without in the least seem- 

demon who seats himself on the feather of my ing to detract from the mighty moss of his 

pen when I begin to write, and leads it astray admitted and unassailable merits. 
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Chronolo^ of th^ ••Wavorloy*' 
Novels* By taking up the novels in the older 
in which they were published rather than as 
fancy or other reasons may dictate, the student 
will be able to discern the workings of the 
author's mind when dealing successively with 
special phases of character and particular situa- 
tions in human life. As to the introductions and 
notes, these are not essential to the story in hand, 
and may bo rwerved for consideration till each 
story has been read. With the remark that the 
authorship of the “Waverley” novels was for 
long a secret, in which rich and poor, from the 
throne downwards, interested themselves, it mav 
bo useful if we give a list of these works, with 
the dates of their publication, and an Indication 
of the period \vith which they deal. 


Date 

Title 

1 Period 

1814 

“ Waverley ; or ’Tia Sixty Years 



Since ** 

1745 

1810 

“ Guy Mannering 
“ The Antiquary . 

1760 

1816 

1798 

1816 

“ Old Mortality ” . . . . . 

1679 

1816 

“ The Black Dwarf ” * 

1708 

1817 

“ Rob Roy ” 

1715 

1818 

** The Heart of Midlothian'* * 

1736 

1810 

** A Legend of Montrose '* 

1644 

1819 

“The Bride of Lommermoor*’ * 

1700 

1819 

“ Ivanhoo “ 

1194 

1820 

“ The Monastery ” 

1559 

1820 

“ Tho Abbot ” . . 

1670 

1821 

“ Kenilworth ** . . . . 

1676 

1821 

“ Tho Pirate ** 

1700 

1822 

“ The Fortunes of Nigel *’ 

1620 

1823 

“ Quentin Durward ’’ 

1470 

1823 

“ Peveril of the Peak ** . . 

1660 

1823 

“ St. Ronan*s Well *’ 

1804 

1824 

“ Redgauntlet ** 

1770 

1825 

“ Tho Betrothed ” 

M87 

1826 1 

“ Tho Talisman ** . . 

1193 

1826 

“ Woodstock ** 

1661 

1827 

“ Tho Surgeon’s Daughter “ 

1765 

1827 

“ The Two Drovers *’ t • • 

1765 

1827 

“ Tho Highland Widow ’’ t 

1756 

1828 

“ My Aunt Margaret’s Mirror ” t • • 

1700 

1828 

“ The Tapestried Chamber “ f . . 
“ Tho Laird’s Jock ” t . . 

1780 

1828 

1600 

1828 

“ Tho Fair Maid of Perth ’’ 

1402 

1820 

*' Anne of Geierstein ” 

1474 

1827 \ 
1830/ 

“ Tales of a Grandfather ** 

/1707 

\1788 

1831 

“ Count Robert of Paris*** 

1090 

1831 

“ Castle Dangerous ’’ 

1307 


•“ Tales of My Landlord.” 
t** Chronicles of the Canongatc.” 



The Origin of •‘Waverley.” A glance 
at the foregoing list will serve to show that 
with few exceptions Scott, with all his love of. 
the Gothic, preferred to deal in his novels with 
p^iods not far remote from his own time ; but 
he did for Scottish romance what Cervantes 


ohivalry. Fourteen years before 
^iM^p|iearahde bf Waverley,’* Scott attempted 
the vein associated with the romantic tales of 
Mrs. Radcliffe and Horace Walpole. The first 
seven chapters of “ Waverley ** were written in 
1805, and then, the advice of a friend, put 
away, forgotten, and only recalled by the 
succe^ of Miss F4^worth and the task of com- 
pletihg'^^ Ouadnhoo Hall,’’a>n unfinished.romance 
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by James Strutt. The lost MS. was discovered 
when Scott was in quest of fishing-tackle, and 
the story was finished in four weeks. These 
facts are. of particular interest as showing that 
Scott did not take to the writing of prose fiction 
because Byron had beaten him in poetry. Thence- 
forward, for sixteen years, says Professor Herford, 
in his “ Ago of Wordsworth,” “ the wonderful 
series of the ‘Scotch novels,* as they were 
called, issued from the Ballantynes’ press with- 
out a pause ; and for tho last ten, at least, their 
appearance was watched for as eagerly in Paris 
and Weimar as in London. The poems had 
thrown the British world into a passing excite- 
ment ; the novels enlarged the intellectual 
horizon of all Europe, created in half a dozen 
nations tho novel of national life, and opened a 
new epoch in the study of history.” 

Two facts stand out clearly on a careful 
review of those novels : one is that the characters 
are types ; tho second is the wonderful fidelity of 
the descriptions of natural scenery. If the novels 
bo classified it will be found that two-thirds of 
them are historical ; and it is worth noting, as 
examples of tho way in w’hich Scott’s pon ‘‘ran 
away with him,” how “ T.hc Heart of Midlothian ” 
grew into one of the most humanly interesting 
of his books from what at first was a desire to 
write a novel around the Porteous Riots, and 
how, in “A Legend of Montrose,” history is 
again secondary to tho creation of the immortal 
Dugald Dalgotty. 

Scott as a National Asset* All litera- 
ture is a national asset, and it is difficult to 
exaggerate what the British people in general 
owe to the author of the “ Waverley ” novels. 

“ Scott,” as Professor Masson has said, “ is 
greatest in his Scotticism. It is as a painter of 
Swttish life, an interpreter of Scottish beliefs 
and Scottish feelings, a narrator of Scottish 
history, that he attains to the height of his 
genius. He has Scotticised European literature. 
He has interested the world in the little land. 
It had been heard of before ; it had given the 
world some reason to bo interested in it before ; 
with, at no time, more than a million and a 
half souls in it, it bad spoken and acted with 
some emphasis in relation to the bigger nations 
around it. But, since Scott, tho Thistle, till 
then a roadside weed, has had a great promotion 
in universal botany, and blooms, less pricklv 
than of yore, but the identical Thistle still, in all 
the gardens of tho world. All around the globe 
the little land is famous ; tourists flock to it to 
admire its scenery, while they shoot its game ; 
and, afar off, when the kilted regiments do 
British work, and the pibroch shells them to the 
work they do, ask whence they come, the answer 
is ‘ From the land of Scott.* It would bo no ^ 
extravagauce if one were adsed, ‘‘Wboi 
English romance ? ’* to answer “ Walter Scott,*’ 
Yos ; and French romance also, for his influence 
in France was profound. He is ours to 
read with delight, to learn from, to love, to 
use as the golden key admitting to one of the 
fairest kingdoms of earth — if it bO notr the 
veritable faOry land — the Kingdom of Romance. 

J. A* HAMMERTQN 
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Factories and Mines. Prisons. High Court. Museums. 

Patent Office. Insurance Commission and Labour Exchanges. 


SPECIAL HOME 

chapter is devoted to a consideration 
of certain special appointments in Govern- 
ment departments other than those that have 
been already described. 

Home Office Posts. Foremost among 
such offices, in respect alike of tho variety and 
the responsibility of its work, is tho department 
controlled by the Secretary of State for Homo 
Affairs. Tho main functions of that official him- 
self arc delined as “ tho maintenance of llio 
King’s peace, the enforcement of rules made for 
the internal well-being of the community, and 
the exorcise of the prerogative of mercy.” Thesii 
duties include general powers of control over all 
police bodies and courts of summary jurisdict ion, 
the support of a special civil force in London — tho 
Metropolitan Police — the State inspection of 
factories and mines throughout the kingdom, 
and the maintenance of our local and convict 
prisons. For their performance tho Secretary 
of State is provided with an enormous staff — 
clerical, technical, and (*xc‘cutive. 

The Metropolitan Police force, although in 
strictness a Government body, is paid chiefly 
from local rates. It was th(;refore included in 
tho municipal section of this course, and is 
fully described on page 1251. Another special 
brancli pf tho Homo Office — tho metro]Jolitan 
police-court service- -may bo dismissed in a 
few words, as the Homo Secretary now reserves 
its clerical appointments (£120 to £650 a year) 
for members of tho Second Division who arc 
recommended by their chiefs. Ushers and 
messengers in this service owe their posts to 
private influence brought to bear uj)on tho 
Secretary of Slate. 

Factory Inspectors. To protect tho 
workers in factories and workshops from exces- 
sive hours and unhealthy conditions of labour, 
a small body of experts, under the Home Olffco, 
is constantly engaged in visiting these centres 
of industry, and in warning or prosecuting tho 
offending firms. I’lio staff numbers about 210 
in all, including assistants and lady inspectors. 
Every candidate for this service must lirst bo 
nominated by tho Home Secretary, and is then 
required to pass an examination (which is most 
often mildly competitive) in certain specified 
subjects. Forms of application for nomination 
can be obtained from tho private secretary to tho 
Secretary of State, Home Office, S. W. 

is of importance to note that applicants aro 
Wlectcd according to their practical qualifica- 
tions rather than the private influence they may 
be able to secure. Proofs of an intimate know- 
ledge of factojy or workshop administration, for 
instance, coupled with high testimonials of 
ability and character, aro tho likeliest passports 
to a nomination to this department. 

NATIONAL, MONiaPAL, AND IMPERIAL 


APPOINTMENTS 

For male inspectors of factories, the age limits 
are 21 and 110, with an extension to 38 in favour 
of inspectors’ assistants and of candidates who 
have had seven years’ practical experience in a 
factory or workshop. Candidates must qualify 
in English composition and precis writing, and 
in arithmetic. They may also select any four 
in the following list of optional subjects, and 
must pass in three at least : 1. English litera- 
ture. 2. English history. 3. General modem 
history. 4. French, German, or Italian. 5. Mathe- 
matics. 6. Economics and history of modern 
industry. 7. Chemistry. 8. Physics (including 
mechanics). 9. Practical mechanism and 
mechanical drawing. 

The tin ties of a factory inspector are technical 
and fairly arduous, involving irregular hours, 
occasional nightwork, and a good deal of travel. 
They aro rewarded with a salary of £200 a year, 
rising by £10 annually to £300, and afterwards 
to £450, with travelling and other allowances. 
There aro excellent ^ros[)e()ts of at least £550 a 
year, and possibilities of £750 and upwards. 

Lady inspectors are admissible^ between tho 
ages of 25 and 40 years. Candidates must pass 
an examination in English composition and 
arithmetic, and in three at least among a list of 
nine oi)tional subjects. Those include history, 
literature, mathematics, economics, three natural 
sciences, and a modem language. Successful 
candidates aro appointed at £200 a year, with 
£10 increments up to £300, and a fair prospect 
of £100 more. Like other women civilians, they 
must resign their posts on marriage. Tho staff 
is a small one, and vacancies arise but seldom. 

Assistants to inspectors aro selected from, 
among men with a practical knowledge of 
factories, and are required to pass a limited 
competition in simple English subjects and 
the elements of workshop law. Tho li mils of ago 
are 21 and 40. These appointments arc of small 
value in themselves, carrying a salary of £110 
a year, with £5 rises up to £150, and, on advance- 
ment to the senior grade, to £200. Their chief 
attraction lies in the chance they offer of obtain- 
ing a nomination for tho post of inspector. There 
arc no female assistants on the staff. 

Inspectors of Mines and Quarries. For 
men of ability, with a sound expert knowledge of 
coal-mining or quarrying, and not less than 23 
nor more than 35 years old, tho mine inspection 
staff of tho Homo Office affords a most promising 
career. Tho nomination of tho Home Secretary, 
which is essential for this service, is rescued 
for candidates holding a first-class certificate 
under tho Coal Mines Regulation Act, who, 
within tho past five years, have spent at least 
two years underground in a coal-mine. The 
examination scheme is simple, but includes 

SERVICE. AND PROFESSIONAL CAREERS 
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theoretical and practical acquaintance with 
coal-mines and mining, geology, mining law, 
and a knowledge of metalliferous mines. On 
appointment as junior inspector an officer 
receives £300 a year, rising to £450. There is a 
good prospect of a senior inspectorship at £500 
to £700 a year. 

Practical men with a sound knowledge of 
mining, who lack the advanced technical 
training expected of inspectors, may find suitable 
employment in the newly created grade of 
sub-inspectors of mines and quarries. Nomina- 
tions to compete for these posts are given only 
to men between the ages of 30 and 40 who have 
had at least five years’ experience in coal-mines 
or in quarries. The examination is of a simple 
character, but includes mining law and know- 
ledge of mining or quarrying, according to the 
branch in which the vacancy occurs. Sub- 
inspectors are paid £150 a year, rising to 
£200. They ‘riSay be specially ijromoted to fill 
inspectorships, but siich advancement has been 
quite exceptional liithcrto. 

Thie. Prison Service. The control of the 
English local and convict prisons is vestecl in the 
Prison Commission, a sijccial department of the 
Home Office. For admission to this services 
the Homo Secretary’s nomination is impe rative. 
It is readily accorded to suit- 
able candidates, and should 
bo sought by means of a 
printed form of application, 
which may be obtained from 
tho Prison Commissioners, 

Homo Office, S.W. 

For prison clerkships the 
age limits prescribed are 18 
and 22, but clerk warders arc 
eligible until 30. Vacancies 
arc filled by competitive ex- 
aminations in tho ordinary 
English subjects, bookkeep- 
ing, indexing, and digesting 
returns into summaries. These officers arc liable 
to serve at any prison in England and Wales. 
Their pay starts at £70 and rises to £300 a year, 
and there are some prospects of advancement 
to tho control of a prison. 

Warders and Matrons. Candidates for 
subordinate positions in the English prison ser- 
vice are selected after passing an educational test 
of an elenicntary character. For the post of 
assistant w'ardcr or male nurse in a local prison, 
and for that of attendant in a State inebriate 
- reformatory, tho examination is in writing (in- 
. eluding copying manuscript and spelling) and 
; arithmetic (first four rules, money, and avoirdu- 
weight). The civil guard of convict prisons, 
jua^ns and assistant matrons in all penal 
' "dsitdblishmcnts, are examined only in reading, 
writing, and arithmetic (simple addition and 
subtraction). The holders of second-class 
Army certificates are exempted from these 
tests. The limits', dt age are, for male candi- 
dates, v24 and 42 : mi for women, 23 and 40. 
Applicants of eit^ sex must be healthy, well 
developed and active^ of strictly sober and 
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temperate habits, and with an unquestionably 
excellent character. 

The minimum stature for the male staff is 
5 ft. 7 in. Men who have served in the Army 
or Navy are readily accepted, provide their 
record is good. They must have obtained 
either “ Exemplary ” or “ Very Good *’ cha- 
racters on discharge, and it is officially stated 
that “ one entry for drunkenness during the 
last six years of their service, and more than one 
such entry during any earlier service,’* dis- 
qualifies them from receiving an appointment. 
Those discharged as non-commissioned or petty 
officers are preferred for tho local prisons and 
inebriate reformatories ; and iDrcfercnce is often 
given to applicjants with a good knowledge of 
some trade which they can teach if required. 

Selected candidates are appointed for a year 
on probation, during the first four months of 
which term they undergo instruction in their 
duties,' usually at a prison where there is a 
training school for officers. 

Tho numbers and rates of pay of male and 
f(‘malc warders (or matrons) are shown in tho 
following table. In addition to the salaries 
there given, these officials are entitled to free 
quarters — or an allowance instead — uniform, 
and medical attendance# 


Similar conditions of employment pi’ovail in 
the prison services of Scotland and Ireland, 
but with differing limits of age. Detailed in- 
formation concerning these Scottish and Irish 
appointments can bo had on application rcspec 
lively to the Prisons Commission,* Edinburgh, 
and the Prisons Board, the Castle, Dublin. 

Clerks in the ' High Court. To 
aspirants who arc debarred by their training 
from first-class appointments, clerkships in the 
Royal Courts of Justice should offer considerable 
attractions. Tho duties are light, the salaries 
fairly good, and the prospects %ccellent, while 
the staff is so large that from 20 ^ 30 y 
arise every, veari Candidate^vVbb ~ 
nomination for a thM-olas^' cl^k 
grade in which appointments are generally 
made — have only to pass a non-oom^itivo 
test in copying manuscript indexing, and 
digesting returns, in addition to ordinary Eng- 
lish subjects. The right of nomination is 
vested in the Lord Chtobelior, and to a lesser 
extent in the LoM Cluef Justibe,' the Master 
of the Boib, and the President of the Probate 
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1 
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Xo. 

Weekly Tay 

j No. 

Weekly Pay 

In Locnl l*rUon» 


£ s. d. £ ». d. 


£ 8. d. £ H. d. 

Chief VVanior» 

,54 

1 18 6 to 3 0 0 

! 3 

1 12 0to2 0 0 

I’rincipal Warders 

110 

1 14 0 „ 1 18 0 

i 6 

1 8 6 „ 1 12 0 

Warders . . . . 

1274 

1 4 0 „ 1 12 0 

i 274 

0 19 0 „ 1 8 0 

In ConHci Pmons 





Chief Warders 

1 3 

2 18 Cto.l 10 0 

1 

1 18 0 to 2 18 6 

I'rineipal Warders 

! 44 

1 17 « „ 2 2 0 

3 

1 11 0 „ 1 14 0 

Warder'* 

:pi2 

1 8 0 1 10 0 

1 1.5 

1 0 0 1 10 0 
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Division. Persons seeking the Lord Chancellor's 
nomination should apply to his private secretary 
at the House of Loi^, stating their ago (which 
must be between 20 and 30) and their qualifi* 
cations for an appointment, and enclosing copies 
of testimonials. From among such applicants 
a selection is made when a vacancy occurs. 
Experience as a solicitor’s or barrister’s clerk, 
and familiarity with High Court procedure, aro 
useful recommendations for this service. 

Third-class clerks in the High Court start 
at £100 a year, advancing by £10 yearly to £200. 
On entering the second class they receive £250, 
with £16 increments to £400 ; and salaries in 
the first class progress by £20 from £600 to 
£600. The proportion of superior posts is high, 
giving chances of further advancement. 

Museum Appointments. Unlike tho 
majority of Civil Service departments, which 
have little save clerical work to offer, the State 
museums afford thoroughly congenial employ- 
ment to the student of letters, art, or science. 
This incentive, rather than the salaries paid, 
attracts to the British and the Victoria and 
Albert Museums men of an unusually high level 
of attainments, many of whom aro original 
scientists or scholars. 

Vacancies in tliis service are filled by limited 
competition. Candidates for assistantships in 
the Victoria and .Albert Museum aro nominated 
by the President of tho Board of Education, 
wliilo those seeking a post in the world-famous 
institutidn at Bloomsbury must obtain a like 
favour fiom one of its principal trustees — 
namely, the Lord Chancellor, the Archbishop of 
Canterbury, or tho Speaker of the Houso of 
Commons. The age limits are, in the first case, 
18 and 26 ; and in tho other, 20 and 26. 

For tho British Museum, which has by far the 
larger staff, tho examination scheme varies with 
tho particular requirements of every section, 
English composition being tho only “ constant.” 
In tho science departments the competition rests 
mainly on practical and written tests in zoology, 
botany, geology, or mineralogy, according to 
the posts in view. For some branches Greek, 
Latin, French, and German are prescribed, in 
addition to a difficult antiquarian, technical, or 
art subject. Others exact two of the above 
languages supplemented by an Oriental tongue. 

Candidates who pass this trying ordeal are 
appointed at £160 a year, rising to £600, with 
chances of eventually controlling a department 
of the British Museum at a maximum salary 
of £^, or of holding deputy rank at £660. 
Having regard to their acquirements, th 
i|^i;ure8 can hardly be regarded as adequate. 

The standard for entrance to tho Victoria 
and Albert .Museum is a little less severe, but 
includes two languages, drawing, and either an 
art subject or several natural sciences. These 
assist^ts are less liberally paid than their 
colleagues at Bloomsbury, starting with £120, 
and having to reach the grade of assmant keeper 
before thqr readh £600 a year. 

2i j>wf 


Patent Office Examiners. Tho valu- 
able post of assistant examiner in the 
Patent Office is readily accessible to any student 
between 20 and 25 years of age who possesses 
a thorough theoretical and practical knowledge 
of the physical and mechanical sciences. The 
work of these officers consists in examining and 
indexing tho specifications and other documents 
submitted to the Patent Office by persons who 
are seeking patent rights. They aro paid £160 
a year on appointment, and receive a £15 incre- 
ment yearly up to tho substantial income of 
£450. There aro also good chances of promotion 
to the grades of deputy-examiner and examiner, 
with maxima of £550 and £700 respectively. 

Assistant examiners arc api)ointed on the results 
of open competitions, held at intervals of about 
a year, for a few vacancies. Tho examination fee 
is £6. At these contests no subject is obli- 
gatory, but a candidate who failed to score fair 
marks — in each of the science papers at least — 
would have no chance of success. The syllabus 
includes a modem language, technical precis, 
mechanism, tho history of inventions, and tho 
following sciences : mechanics, chemistry, elec- 
tricity and magnetism, and physics. It should 
be added that the chemistry required is chiefly 
inorganic ; that tho physics includes hydrostatics, 
heat, light, and sound, and that in these subjects 
and in electricity and magnetism there is a 
practical examination. 

The Office of Woods. Tho open com- 
petitions occasionally held for second-class 
clerkships in the Office of Woods offer an assured 
prospect of at least £480 a year to candidates 
who aro declared successful. Only those persons 
are eligible who have had three ye«ars’ experience 
in a solicitor’s office, and whoso age is between 
19 and 23. The examination includes tho usual 
papers, Latin, and two important legal subjects 
— the elements of conveyancing and of the law 
of real property, especially that of landlord and 
tenant. Second-class clerks start at £100 a year, 
and rise to £350. On entering the first class 
they advance by £15 yearly from £3()0 to £480, 
and there are chances beyond this grade. 

Insurance Commission Posts. The 
Health Insurance Commissions of tlic four 
countries employ a considerable outdoor staff, 
both male and female. Those officers aro 
appointed by individual selection, subject 
to their passing an educational test, but it 
is unlikely that the highest ranks will be filled 
save by tho promotion of deserving subordi- 
nates. Familiarity with industrial conditions, 
or with friendly society or trade union 
work, is a useful qualification for candidates 
in this service ; and the personal qualities 
most in request are a good address, tact, and 
tho ability to write a clear report. Tho male 
staff comprises divisional inspectors (£660 to 
£700), inspectors (£360 to £600), assistant in- 
spectors (£100 to £350), and Health Insurance 
officers (£80 to £160), members of tho last grade 
not being eligible, as a rule, for promotion to the 
inspectorate. Women officers are similarly classi- 
fied, but at lower salaries except in the case of 
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Health Insurance officers. The duties of all ranks 
involve constant travelling. Any application to 
center the outdoor service should be made on a 
special form, to be obtained from the Secretary 
of the Commission. 

The indoor staff includes women clerks, who 
are appointed precisely as their colh^agues arcs 
in the Post Office ; and female card-tellers, for 
whom the same examination subjects and rates 
of pay are prescribed as for Post Office sorters. 

Labour Exchange Officers. Like in- 
spectors under the Insurance (commission, 
these officials are personally selected from among 
likely candidates. Most of the vacancies are for 
men clerks, of whom “ good clerical qualifica- 
tions ” are expected, including a knowledge of 
shorthand and typewriting. There are also a 
number of women clerks, who should know some- 
thing of industrial conditions. The age limits 
for men are 18 and 28 ; for women, the upfier 
limit is raised to 85. The salaries paid are poor, 
beginning at not more than £80 a year, and 
reaching only £150, but there are chances of 
being entrusted with the control of a Labour 
Exchange, with a stipend of £350 or £400. The 
women's branch also offers occasional vacancies 
as assistant organising officer at £150 to £200 a 
year, with excellent prospects of £350. (jrood 
education and organising capacity are the first 
essentials for this grade. 

Board of Education Inspectors. The 

man or woman who obtains an appointment 
as junior inspector under the Board df Education 
thus secures one of the best openings that the 
national service offers. Unlike most Govern- 
ment servants, these oflieers are not required 
to pass an entrance examination of any sort. 
Appointments are made on the nomination of 
the President of the Board from among can- 
didates who are usually university graduates in 
honours with a good knowledge of the theory and 
practice of teaching. Women must be unmarried 
or widows, and not less than 25 years old. For 
men the age restrictions are 23 and 35. It is 
officially notified that in the selection of in- 
spectors weight is given to “ the possession of 
(a) a university degree in honours, or other 
like distinction ; (6) a university certificate or 
diploma in teaching ; (c) the elementary teacher’s 
certificate of the Board of Education ; {d) 
qualifications in special subjects.” 

Candidates seeking the President’s nomination 
should apply to the Secretary of the Board of 
Education, Whitehall, S.W., on a form provided 
for the purpose, and should accompany their 
application with not more than six testimonials, 
one or more of which should relate to their 
knowledge of teaching. 

It is not surprising that the appointment of 
junior inspectors is popular with college graduates 
of either sex. The salary is the same for men 
and women — namely, £200 a year, with £15 
yearly increments to £400 ; but whereas this 
represents the maximum ordinarily attainable 
by women inspectors, their colleagues of the 
stemet sex have pr^wstically assur^ prospects 
of an inspectorship at least, the reward lor which 
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is £400 a year, rising by £20 to £800. Junior 
inspectors are entitled to six weeks’ annual leave, 
increased after ten years’ service to eight weeks. 
They are allowed full travelling expenses, in- 
cluding socond:clas8 railway fare and a personal 
allowance of 15s. a night during absence from 
homo ; and their position is generally an assured 
and pleasant one. 

Women Typista. Many Government 
departments now include a small permanent 
staff of female typists, who become entitled to the 
benefits of the marriage gratuity and pension 
schemes like other women civilians. Their pay 
is certainly not excessive, even in the present 
congested state of the feminine labour market. 
Starting at 20s. weekly, the typist advances 
by 2s. yearly to 28s., and, on promotion to the 
grade of superintendent, to a maximum not 
exceeding 40s. Beyond that figure there arc no 
possibilities of advancement. 

Candidates, whose ago must bp between 18 and 
30, must first be nominated by the head of the 
department they wish to enter, and must then 
])ass cither a competitive or a merely qualifying 
test in writing, spelling, copying AlS., simple 
arithmetic, and typewriting. Shorthand may 
be added if it is required by the office which 
the candidate has in view. From 100 to 150 
vacancies occur yearly in the various offices. 
The examination fee is Is. Typists are occa- 
sionally appointed to the Inlanc) Revenue Office 
after open competition, under the same examina- 
tion scheme and on the same terms as those em- 
ployed in the General Post Office [see pkge 2305J. 

A Word to Students. Our survey of 
the home service being now concluded, we 
venture to add a hint or two addressed to the 
young asj>irant for a State career who is obliged 
— as so many are — to enter in a subordinate 
grade at the outset. For such a student the 
importance attaching to the first two or three 
years of his service is incalculably great. Unless 
by the slow and uncertain way of promotion, 
it is generally during those years that he must 
win a higher appointment, if at all. Inability 
to grasp this vital fact is mainly responsible 
for the failures and disappointments which are 
frequent in this, as in every other, calling. The 
newly appointed civilian, confident in his abilities, 
suffers himself to rest on his oars a little. The 
months slip past unnoted, and link themselves 
into years — precious and irrevocable years ; and 
when at length the effort of study is resumed, 
all is out of gear — the habit of strenuous work 
is lost, one’s knowledge is dim and blurred, and 
the question of age limits has become suddenly 
menacing. So, once more, lost chance 

flies owre sea.” 

From this signal danger there is but one way 
of escape — the heroic commonplace of steadfast 
and unremitting toil from the moment the 
student gains his first footing in the service until 
he attains the goal of the higher appointment he 
covets. The man whose resolution is thus proof 
against the temptation to relaxed effort is the 
man who ultimately “ arrives.” 

ERNEST A. CARft 
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■k' . ‘ The Complexity of Factors underlying Anatomical Simplicity. 

' / Synthetic Biology. Miendelism appl.ed to Wheat-growing. 


ACHIEVEMENTS 

W SI must proceed to new considerations, which 
were not presented at all in Mendel’s ex- 
periments, but from which his modern followers 
are draiv ing conclusions in the shape of theories 
and of new living varieties, which are of interest 
to everybody who studies modem science. 

Hitherto we have assumed .that any Mcndelian 
character must be due to either the presence or 
the absence of a singh factor. Typically, that is 
SQ, but this very discovery leads on to another — 
that there are many characters, in living species of 
all kinds, which need the combination of more 
factors than one in order to produce them. The 
character in question may appear to be a simple 
thing — as simple as the alternative tallness or 
shortness of Menders peas. 

No anatomist or physiologist can detect any- 
thing but simplicity in the tiny hairs that cover 
the stems and the undcr-surfacc of the loaves of 
certain varieties of the plants ealled stocks. It 
is genetic analysis alone, as in other problems 
referred to in the* last chapter, that enables us 
to discover the real genetic complexity underlying 
the anatomical simplicity. In the case in question, 
the due concurrence of thi*e(5 Mcndelian factors 
is necessary before these hairs appear. This is 
merely one of an enormous number of instances. 

Complexity in the Apparent Unit. In 

many of these (though not in all, as we shall 
ipost notably observe), each of the individual 
factors goes on its Mcndelian course from 
generation to generation, with entire inde- 
pendence, as in the .case of Mendel’s peas. 
Obviously, it would be hopeless to expect that 
any character due to the concurrence of several 
factors, independent in behaviour, could be 
“ bred true.” Wo find that we arc dealing merely 
with a particular combination of factors, and 
we can only’ say that, in a fixed proportion of a 
large number of cases, according to the laws of 
chance, that particular combination will recur. 
The character in question strikes us as a unit, but 
we must not expect it to behave as a unit, now 
that we know its real nature. 

Similarly, a particular symmetrical pattern in 
a kaleidoscope has a real unity for the eye and the 
mind, but it depends upon a particular combi- 
nation or arrangement of a large number of 
separate factors ; and, once we understand the 
construction of the toy, we do not expect this 
particular pattern to recur at every turn of the 
tube. We know there must be recombination. 

The Dangers of Analogy. Perhaps the 
most striking instance of the principle in question 
is thAt obtained by Bateson and Punnett, now 
several years ago. Wo quotd if from an endless 
number because it illustrates oven more than 
has already been said so far. Height, as in 
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Mendel’s experiments, is again in question, but 
we are dealing with the sweet -pea instead of the 
edible pea, and the reader will observe, yet again, 
that each genetic case must be separately studied. 
Wo cannot and must not infer, from the observed 
nature, the tallness and shortness in the edible 
pea, that the same is true even of its relative, the 
sweet-pea. We cannot expect identical changes. 

Disappointed Expectations. Here is 
Bateson’s own account of what he and his 
foremost pupil found in the latter case : ” There 
are two dwarf varieties, one the prostrate ‘Cupid,’ 
the other the half-dwarf or ‘ busl| ’ sweet-peas. 
Oossed together they give a cross-breed of full 
height. There is thus some element in the 
‘ (^upid ’ which, when it meets the eomplomentary 
element from the ‘ bush,’ produces the character- 
istic length of the ordinary sweet -pea. We may 
note in passing that such a fact demonstrates at 
once the nature of variation and reversion. The 
reversion oo:!iirs bocauso the two factors th/it 
made the height of the old sweet- pea again cornc 
together after b( ing parted, and the variations 
by which each of the dwarfs came into existence 
must have taken place by the dropping out of 
one of these elements or of the other.” 

The Failure of Ancestral Inheritance. 

Our business here is not to detail scores of such 
cases, still loss to attempt Ao memorise them 
(which Professor Bateson himself, it may be 
noted, makes no attempt to do, and which is in 
any case impossible) ; our task is to get the 
meaning underlying such a typical — though at 
first sight astonishing-case as this. 

Note first that the old idea, generally held by 
ordinary observers, and elaborately maintained in 
such famous nineteenth-century generalisations 
as “ Oalton’s Law of Ancestral Inheritance,” is 
here disproved. We naturally tend to think 
that individuals inherit from their parents, and 
that some law must be found to represent the 
rule of such inheritance. “ (Jalton’s Law ” 
asserted a mathematical ratio, and all the 
devoted work done since, on Galton’s lines, by 
Professor Karl Pearson and his pupils, has 
concerned itself with showing how tallness and 
shortness, and all other characteristics, are 
transmitted from parents to offspring in 
definite i)roportions. 

Instances of Failure. But now, when 
we turn from theory to experiment, mating, for 
instance, a dwarf and a half -dwarf — lo, a tall off- 
spring ! So in innumerable instances. “Galton’s 
Law ” must be abandoned, of course. That law not 
merely fails as a statement of fact, in such a case 
as this. Its underlying theory of the nature of 
inheritance is wrong. It assumes, as is so 
natural, that inheritance is from the body of 
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the parent to the body of the offspring. But hero 
a dwarf and a half-dwarf body produce a tall 
body. Already our study of germ-cells has 
apprised us of the modern point of view. Inherit- 
ance is not directly from the parental body to the 
offspring, but from the germ-cells which the 
parental body contains. These germ -cel Is may 
be, and, indeed, certainly are, affected by the 
l)ody which houses them, under certain con- 
ditions, but, even so, it is the state of the germ- 
cells, and not of the body influencing them, 
which matters for the offspring. 

A Discarded Theory, That, then, is the 
first result of such an obser\'ation as this- wo 
must abandon the idea of inheritance from the 
body of the parent to the offspring, and must 
therefore discard all theoric»s of heredity which 
assume the tnith of that idea. The scientific 
controversy in this respect has been long and 
bitter. In lfX)9 the present writer, a pupil and 
friend of Galton, who was then still alive, 
ventured to assert that eugenics must abandon 
its founder’s “ law of ancestral inheritance.” 
That law, however, has still been appealed to as 
a canon of science. Its final abandonment date s 
from Calton Hay, February 10, 1914, when Sir 
Francis Darwin, the famous botanist, a near 
relative of Galton, delivered the first Galton 
Anniversary Lecture, in which ho declared that, 
in the light of modern Mendelian experiment, 
(Jalton’s Law must henceforth bo rejected by 
science. ‘ Tlie renunciation could not conceivably 
have been more complete. 

The Complexity of Heredity. Consider 
now a second, wholly different, but scarcely less 
important consequence of such experiments 
as that above quoted, and the previously cited 
ease of the hairs upon certain stocks. These 
instances teach us the genetic complexity of 
things apparently simple. Sometimes apparent 
simplicity may bo real, as in the tallness of the 
edible jjea ; y<?t similar tallness in an allied pea 
is as certainly dej)endent upon two factors, as 
the other upon one. Let us from this moment 
henceforward avoid the almost universal error 
of assuming the real simplicity of apparently 
unitary characteristics wherever we find them. 

The simplicity niay be real, but only the facts 
of descent, which* must therefore be ascertained 
by experiment or observation, can prove it to be 
so. Jf this applies to the difference between 
tallness and shortness in the sweet-pea, and to 
the presence or absence of some hairs in certain 
stocks, what ignorant folly it is, on the one hand, 
to expect human genius to descend as if it were 
simple, or, on the other hand, to deny the laws 
of heredity because genius does not so descend ! 
Yet the reader has only to dip into the modem 
literature of eugenics, or to recall the incessant 
arguments upon this subject, and the allusions 
to it which occur 42 practically every recent 
biography, in order to realise that the unitary 
or simple genetic nature of genius is assumed 
by nearly everybody — excejit those who, because 
it docSs not behave os if it depended upon a single 
Mendciian ffotor,. declare that^ it has no natural 
and genetie ori^n whatever* 
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The Mixture of the Elements. The 

rediscovery and development of Mendelism' 
mark a new stage in this as in so many otherj 
biological and eugenic controversies. No one 
who has not. acquainted himself with the! 
fundamental conceptions of Mcndelism has the 
right to express verdicts upon heredity at all ; 
and no one who had done so would fail to see 
that genius, in its many forms, is a complex. 
In ShakesjKjare’s phrase, the elements are so 
mixed in the genius as to make him what he is. 
The analysis of genius, by psychology and 
genetics, will be a task for decades to come. 
When it is accomplished, we shall begin to be 
able to define the laws of the inheritance, not 
of genius as an integer, but of the factors that 
compose it. 

An Illimitable Inquiry. Lastly, the 
instance of the sweet-peas offers us a new con-' 
(^option of the nature of the remarkable pheno-' 
menon called reversion, whi^h Darwin and the 
tvirly evolutionists of tho nineteenth centuiy 
so carefully but fruitlessly considered. This 
question, how^ever, cannot be now discus8ed.| 
We must return to it when we ask what Men- 
delism has done for the problem of problems — 
the explanation of organic evolution. 

The case now considered introduces us to the 
idea of combining genetic factors, for the 
prmluction of new forms ; or for “ reversion ” 
to old on(‘S, as the case may bo. In the illustra-, 
tion which we have considered, the special point 
was the comjilex genetic origin of an apparently 
simple individual character. But there is an 
illimitable range of inquiry into the combination 
of genetic factors, quite apart from tho fact that 
such combinations may sometimes account for 
simple characters in tho individual. Tho truth 
is that, (fom the genetic point of view, we are 
all bundk'S of genetic factor's ; or, rather, the 
consequences of such factors. 

Why not a Synthetic Biology ? Now, 
our Mendelian analysis has shown that, typically, 
these factors behave independently in descent. 
Why, therefore, should it not be possible, by 
appropriate breeding, to construct new forms of 
life, in which genetie factors are combined as 
never before ? The chemist has his synthesis, 
of which he is rightly proud. He takes atoms, and 
even molecules, or combinations of atoms, and 
combines those in new ways, so as to form 
perhaps very large molecules, unlike anything 
that ever existed in Nature. Such new combina- 
tions or synthetic products may bo beyond 
price for their services to mankind, as in the case 
of salvarsan. That is a drug for. disease. Why 
not a food for health, constructed by a biological 
instead of a chemical synthesis ? In place of 
the atoms and molecules of the chemist, let us 
employ the mysterious, indescribable, invisible, 
yet intensely real “ factors ” of the Mendelian, 
and x>erhaps we shall bo able to construct 
therewith, by appropriate breeding, new forms 
of life which may be beyond price as foods — ^not 
least for hungry and ever-multiplying island^, 
who now grow not one-fifth of the wheat which 
their hungry generations ” consume. 
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This truly synthetic biology, as wo have a 
a perfect right to call ft in analogy with synthetic 
'cheihUti^, is the growing-point of the science 
6i lif^' ht this hour. Here we shall not so much 
as mention the constantly increasing number of 
living forms thus brought into being, with the 
single exception of the synthetic forms of wheat 
now being constructed at Cambridge. These 
illustrate typical Mendelian xu'imiples, and no 
beitter could bo chosen for the purposes of 
scientific exposition as such, but they stand 
apart for practical, urgent, transcendent 
national importance. 

Mendeliam and Wheat Growing. When 
the Department of Agriculture in tl\e University 
of Cambridge was reorganised some years ago, 
a pupil of Bateson took up the work. Despite 
the tempting offers from abroad, ho remains at 
his post, and the Chair of Agricultural Botany 
in Cambridge is already famous everywhere for 
the work done by its occupant. Professor Rowland 
Biflen. His concern is definitely practical. 
Research into the laws of botany as they affect 
agriculture is the primary object for which his 
Chair was founded. But abstract Mendelian 
theory has proved itself the most ooncreto and 
practical of realities in his hands. Ignoring 
other instances, let us note his attempt to 
construct new forma of wheat on Mendelian 
lines. Here the most practical of men may be 
reasonably expected to understand. 

Analysis was the first task, exactly as in the 
analogous case of chemistry. Until the chemist 
has analysed existing compounds, and can handle 
their constituents accordingly, he cannot hope 
to build new ones. The genetic analysis of wheat 
occupied some years, and synthesis has since 
followed. Certain Canadian wheats produce 
the most delightful bread. The loaf is so light and 
well -piled that no one would now look at a loaf 
made solely from English wheats, which have 
not this power. The factor which makes Mani- 
toban wheat so welcome upon our tables is 
commonly known as “strength,” and it has 
hitherto been taken for granted that strong wheat 
— ^in this technical sense of the word — ^would not 
grow in this country. 

Of course, the experiment was long ago made 
of growing from Canadian seeds in our soil, 
but the results were most disappointing, as a rule. 
There were a few exceptions. Says Professor 
Biffen : “ After repeated tests of many varieties, 
a few have been found which consistently pro- 
duce strong grain under our climatic conditions. 
One of the best of these is Red Fife, the wheat 
which forms the basis of the celebrated Mani- 
toba fitards. This variety apparently under- 
goes no deterioration when grown here ... 
Given proper harvest conditions, even the worst 
sample of Rod Fife is far and away superior in 
quality to the best ordinary English varieties.” 

Synthetic Wheat. But Red Fife has an 
uncertain and too frequently poor yield. What is 
to be done ? Here is Professor Biffen’s most 
notable answer— observe his rejection of the 
principle of selection, and the 
dependence of his success upon Mendelian facts. 


“ If strong wheats are to replace the varieties 
wo now 'cultivate, heavier yielding kinds than 
Red Fife will either have to be found or built up 
to suit our special requirements. J’he world has 
been ransacked to find such varieties, with such 
meagre results that one now despairs of finding 
such sorts ‘ ready-made.* Efforts are conse- 
quently being directed to building up suitable 
varieties. The methods used are dependent 
entirely on cross-breeding, since it is now 
becoming evident that no ))rocess of selection is 
likely to bring about the desired result. 

“ The solving of the problem depends upon the 
possibility of two distinct features — ‘ strength * 
and heavy yielding capacity — being inherited, 
and the possibility of combining these in a new 
variety. A series of experiments . . . has 

shown that ‘ strength ’ is inheritable in its full 
intensity. If, for instance, a wheat of known 
strength is crossed with one of our weak English 
wheats, amongst the descendants of the hybrid 
plants are individuals showing the full strength 
of the strong parent. Further, these individuals 
can bo fixed as definitely as the oldest wheats in 
cultivation, propagated year by year, and retain 
their strength, apparently indefinitely.” 

Experiments in Yield. Yielding capacity 
is also inherited ; and though the genetic 
analysis is still incomplete, several hybrids have 
been raised between the low-yielding — but so 
desirably strong — Red Fife and certain high- 
yielding wheats. So far — on, at any rate, the scale 
of the experiments now in being on the farms 
belonging to the Agricultural Department of 
Cambridge University— -certain hybrids have 
thus been constructed, notably the wheat known 
as Burgoyne’s Fife, which combines the strengtli 
of Red Fife with the splendid jdeld of its English 
parent, Rough Chaff. 

Selection through Genetic Factors. It 

is easy thus, in a few bald sentences, to summarises 
those results of years of work, but more is already 
accomplished. Of course, the yield of wheat can 
never be too great to please the farmer, or to 
serve a nation’s needs. On the theoiy of natural 
selection, it should be possible to increase the 
yield of wheat indefinitely by seh'ction — that is, 
by using the seeds of individual plants whose 
yield is large. This method, as has already been 
implied, fails. Selection cannot j)roduce in a race 
what was not there in the first place. Soon our 
hopes are cast down — the selective process effec’ts 
no improvement in the yield, which fundament- 
ally depends upon a genqfm factor (or factors) 
which are either present or absent — “ and there's 
an end.” But the yield of wheat could be 
increased, in a practical sense, if wo were able 
merely to stop the loss incessantly caused by the 
depredations of cx'rtain parasites. These losses are 
rarely below 6 per cent., and in some seasons 
rise to well over 10 per cent., of the entire crop. 

Production of Immunity. Note here, 
finally, the sentences in which Prof. Biffen simply 
descril^s his genetic attack upon this problem, 
and its results. Speaking of the losses due to 
parasites, are largely preventible, he says : 
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“ The heaviest of them are due to the attacks 
of yeJIow rust, a fungus closely related to the 
black rust which occasionally causes huge losses 
to the wheat-growers of Canada and Australia, 
and in some parts of the world makes the culti- 
vation of the crop impracticable. Certain varie- 
ties of wheat have been found which escape 
yellow nist, even when grown under conditions 
peculiarly favourable to the parasite. 

“ Unfortunately, they are useless for general 
cultivation in this country, but, by crossing them, 
it has been found that the feature of immunity 
is heritable, and improved races of non-yellow- 
rusting wheats have been built up. These, aft-er 
thoroughly critical testing, have been found to 
produce larger crops than either of the parents. 
For example. Square Head’s Master (heavy 
crop, but rust-susceptible), crossed by Club (light 
crop, but rust-resisting), gave Little Joss, a heavy- 
yielding, rust-resisting wheat. This has yielded 
on the average more than 6 per cent, greater 
crops than its parent. Square Head’s Master.” 

Infinity in Factors. Some im{K)rtant 
experiments arc now in progress which Professor 
Biffen expects to produce still more remarkable 
results. Meanwhile, Burgoyne’a Fife and Little 
Joss are practical triumphs of the application of 
Mendelian theory to the synthetic biology which 
will be the greatest triumph of all science in years 
to come. Historians in those days may possibly 
conclude that the researches of men of science, their 
faithful inquiry into the facts of Nature, and appli- 
cation of the truths thus found, were of more 
service to our country than the talk of politicians. 

From such remarkable exami)los as thos3 
that have been given in this cha])ter, the reader 
who remembers our repeated observation that 
Mendelian factors usually behave independently 
in descent might assume that all things are 
possible — we can make any genetic combinations 
we please, and thxis construct an infinite number 
of now types of plants and animals (to say 
nothing of eugenics) by combining any charac- 
teristics that we please. Yet if we recall 
Darwin’s observations on the correlation of 
variations, or the fashion in which one 
character seems often to have some necessary 
association with another quite ditferent character 
in living things, we shall see difticulties ahead. 
Wc are, in fact, limited by the inherent nature of 
tho mysterious factors with which we are already 
beginning to juggle. 

The Coupling and Repulsion of 
Factors. In the typical ease, each of them 
descends independently, going into one germ-cell, 
so to say, but not into the next. But modem 
research hasgavoaled numerous cases of what may 
be conveniently described as the coupling oj factors, 
and its converse, the repulsion of factors. Briefly 
to summarise the numerous details of a case 
studied by Bateson and Piinnett now for several 
years, we And that all the expected Mendelian 
consequoneos follow from the mating of a pure 
white sweet -pea having an erect standard, with 
another pure white sweet-pea having a hooded 
standard. The result is a purple flower with 
an drcct standard* This colour is, by further 
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experiments, found to be due to three factors^ 
one for each (white) parent, which on combina- 
tion produce red, plus a third factor from the 
hooded parent, which turns tho red pigment 
purple, probably by some alkaline action such as 
turns red litmus paper blue in ordinary chemistry. 
Now, when the purple plant is allowed to fertilise 
itself, we get all the results we should expect, 
mth one exception. We never get a hooded red. 
When the facts are fully worked out, only one 
interpretation of this exception is possible — 
the factor that makes the flower purple never 
goes into tho same germ -cell as the factor which 
makes the standiird erect. Between these two 
factors, the purpleness and the erectness of 
standard, antagonism or repulsion must exist. 

Unexpected Correlations. An indefinite 
number of similar cases might be cited, both 
from the vegetable and the animal kingdom. 
And similarly there is an indefinite number of 
cases where factors for characters, apparently 
as unconnected Jis the colour of a flower and tho 
form of its standard, are found by genetic 
analysis to be })er8istently coupled. If one goes 
into a germ-cell, so must the second, and hence 
it is impossible to ])roduee an individual who 
posst^sses either character without the other. 

Tho practical importance of coupling and 
repulsion of factors is immense, as we see when 
we remember that, for one reason or another, 
wo may greatly desire tho characti rs duo to two 
factors which repel each other, or may desire a 
character duo to one factor, and dislike that duo 
to a second which is inevitably coupled with it. 
If, for instance, ” strength ” in wheat and 
susceptibility to rust were dependent upon 
coupled factors, even such work as Professor 
Biffen’ s would soon be brought to a standstill. 
Or if the red sweet-pea with the hood(^d standard 
were the only kind desired for beauty, we should 
have to go without. 

Mendelism and Human Character. 

The reader will quickly refltHjt that there are 
more serious cases even than these. The 
novelists, the moralists, the historians, have even 
concerned themselves with the make-up of 
human character. The French, in an expressive 
phrase, speak of a man as having the defects of 
his qualities. We notice that, as the Latin poet 
long ago observed, people of his sort are usually 
irritable ; the kindly are too often feeble in will ; 
the clever too often bitter ; the dominant too 
often brutal ; the ” brainy” woman unfeminine ; 
the musician unpractical. Now, the world of life 
is one, and the laws of life are the laws of all life. 
Mendelian analysis certainly applies to some 
facts of the human constitutioit Is there not 
the prospect of infinite gain, for purposes of 
eugenics and education, in the study of mankind 
from this genetic point of view ? 

Pei haps we shall be inclined to blame and 
praise less freelv, to shun sex-criticism and 
antagonism, to make allowances,” to direct 
our ^uoation of the young more wisely, when 
we begin dimly to perceive the natural laws and 
limitations of our l^ing. 

0 . W. SALEEBY 



^ROUP I2-BUWSS • THE MARKET-PLACE OF THE WORLD-CHAPTER 21 

.What a Trade-Mark !<• What May and May not be. Registered. How to Apply (or 
Registration. Assignment ot Trade-Marks. The Shettleld and Manchester Registries. 


TRADE 


A lthough in tho public mind trade-marks and 
patents are regarded as very much the same 
thing, and though as a matter of convenience 
all things relating to tho registration of trade- 
marks, and so on, are dealt with at the Patent 
OfiKce, the two things are really quito distinct 
and different. While a patent protects the 
article itself on account of which it is taken out, 
and prevents others than the patentee from 
making such an article, the registration of a trade- 
mark gives no protection at all to the article, 
but simply acco^s to the person in whose favour 
it is registered tho exclusive right to the use of 
the particular design or word which constitutes 
the trade-mark. 

Trade-Mark Law Quite Modern. 

Trade-mark law is now of very great importance 
in the commercial world, and any business man 
whose work lies in the direction of manufacturing 
or selling proprietary articles should know some- 
thing of the rules and regulations connected with 
trade-mark registration. The use of trade- 
marks dates back as far as the time of James I., 
and probably farther, but it is really only 
since the early part of the nineteenth century 
that tho law relating to trade-marks has been on 
anything like a definite basis, and not until 1875, 
when the Trade Marks Registration Act was 
passed, was i register of trade-marks established, 
and registration therein regarded as constituting 
prima^acie evidence of the proprietor’s ex- 
clusive right to tho use of the trade-mark for 
tho particular goods in whoso class it was 
registered. 

Designs and Words as Trade-Marks. 

By that Act, however, it was impossible to 
register as trade-marks words unless they formed 
part of a design or device. This, however, was 
remedied by tho Patents, Designs, and Trade 
Marks Act of 1883. But as this Act left a great 
deal to the imagination, and to the individual 
opinion of the judges, by declaring that a “fancy 
word ” might be registered as a trade-mark, 
the expression was altered by tho Act of 1888 
to “ invented word.” 

What a Trade-Mark is. Before giving 
some account of the rules and regulations that 
^ntrol the registration of trade-marks, it is 
important that we should clearly understand 
what a trade-mark is. It is a design or word 
attached to the goods of a manufacturer or 
trader which makes it clear to the purchaser 
and the public that they are his produce. Any 
other trader may produce similar goods, pro- 
vided, of course, that there is no patent con- 
nqoted with them, hut none save the person 
who registered the trade-mark may use the mark, 
OT a fraudulent “imitation” of jt, in coiihection 
with the packing or sale of the goods. The 
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functions of a trade-mark have been concisely 
stated as follows; “Firstly, it is a certificate of 
genuineness of the products to which it is affixed : 
this protects the public ; and secondly, it is an 
identifying mark, owned by the manufacturer, 
and in the ow'nershiiJ of which tho law protects 
him in order that no competitor may reap tho 
advantage of the selling effort and advertising 
put forth by the owtkt of tho trade-mark ; this 
protects the manufacturer.” Any person, whether 
a British subject or not, may apply to register 
a trade-mark in tho United Kingdom, and tho 
term “ person ” includes a firm, partnership, or 
corporate body. 

Classes of Goods. There arc fifty elas.scs 
into which goods are divided for the puriioso 
of tr^de-mark registration, and in making an 
application the class in W'hich it is desired to 
register a mark must bo stated. The classes are 
as follow : 1. Chemical substances used in 

manufactures, photography, or philosophical 
research, and anti-corrosives, such as acids, 
alkalies; artists’ colours, mincrnl dyes, etc. 2. 
Chemical substances used for agricultural, horti- 
cultural, veterinary, and sanitary purposes, such 
as artificial manures, cattle medicines, vermin- 
destroyers, etc, 3. Chemical substances pre- 
pared for use in medicine and pharmacy, such 
as cod-liver oil, patent medicines, plasters, etc. 
4. Raw or partly prepared vegetable, animal, 
and mineral substances used in manufactures, not 
included in other classes, such as rosins, dyes 
other than mineral, tanning substances, wool, 
cotton, hemp, flax, jute, silk, hair, feathers, 
cork, coal, bone, sponge, etc. 5. Unwrought 
and partly wrought metals u.scd in manufacture, 
such as iron, steel, lead, copper, zinc, gold ingots, 
iron rails, etc., armour-plates, wire, etc. 0. 
Machinery of all kinds, and parts of machinery, 
except agricultural and horticultural machines 
included in class 7, such as steam-engines, boilers, 
locomotives, sewing-machines, weighing-ma* 
chines, machine tools, fire-engines, mining machi- 
nery, etc. 7. Agricultural and horticultural 
machinery and parts of such machinery, such 
as ploughs, drilling- machines, reaping-machines, 
threshing-machines, churns, cider-presses, chaff- 
cutters, etc. 8. Philosophical instruments, 
scientific instruments, and apparatus for useful 
purposes, instruments and apparat^ for teach- 
ing, such as mathematical instruments, gauges, 
logs, spectacles, educational appliances, and so 
on. 9. Musical instruments. 10. Horological 
instniments, such as clocks, watches, chrono- 
meters, etc. 11. Instruments, apparatus, and 
contrivances not medicated for surgical or 
curative purposes, or in relation to the health of 
men or animals, such as bandages, lancets, etc. 
\2* Cutlery and edge tools, such as knives, forks, 
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H^HSoTs, shears, files, saws, etc. 13. Metal 
goods not included in other classes, such as keys, 
needles, hoes, shovels, anvils, corkscrews, etc. 
14. Goods of precious metals (including ' alu- 
minium, nickel, Britannia metal, etc.) and 
jewellery, and imitations of such goods and 
jewellery, such as clock-cases, and pencil-carffes 
of such metals, plate and plat^ goods, gilt and 
ormolu work, etc. 15. Glass, such as window and 
plate glass, painted glass, glass mosaic, glass 
beads, etc. 16. Porcelain and earthenware, 
such as china, stoneware, terra cotta, tiles, 
bricks, etc. 17. Manufactures from mineral and 
other substances for building or decoration, such 
ns cement, plaster, asphalt, etc. 18. Engineering, 
architectural, and building contrivances, such as 
diving, w^arming, ventilating, and filtering 
apparatus, lighting, and draining contrivances, 
electric and pneumatic bells, etc. 19. Arms, 
ammunition, and stores not included in class 20, 
such as cannon, small-arms, fowding-pieces, 
swords, shot, and other projectiles, camp equip- 
age, equipments, etc. 20. Explosive substances, 
such as gunpowder, gun-cotton, dynamite, fog- 
signals, i>ercussion caps, fireworks, cartridges, 
etc. 21. Naval architectural contrivances and 
naval equipments not included in classes 19 and 
20, such as boats, anchors, chain cables, rigging, 
f*tc. 22. CJarriages, such as railway carriages, 
waggons, railway trucks, bicycles, bath-chairs, 
etc. 23. (a) Cotton yam, (6) sewing cotton. 24. 
Cotton piece goods of all kinds, such as cotton 
shirtings, longcloth, etc. 2.5, Cotton goods not 
included in classes 23, 24, or 38, such as cotton 
lace, braids, and tapes, etc. 20, Linen and 
hemp yarn and thread. 27. Linen and hemp 
piece goods. 28. Linen and hemp goods not 
included in classses 26, 27, and 60. 29. Jute 

yarns and tissues, and other articles made of 
jute not included in class 60. 30. Silk, spun, 

thrown, or sew'ing. 31. Silk piece goods. 32. 
Other silk goods not included in classes 30 and 
31. 33. Yarns of wool, worsted, or hair. 34. 

Cloths and stuffs of wool, w'orsted, or hair. 3.5. 
Woollen and worsted and hair goods not in- 
cluded in classes 33 and 34. 36. Carpets, floor- 

cloth, and oilcloth, such as drugget, mats and 
matting, rugs, etc. 37. Leather, skins, un- 
wrought and wrought, and articles made of 
leather not included in other classes, such as 
saddlery, harness, whips, portmanteaus, furs, 
etc. 38. Articles of clothing, such as hats, caps, 
bonnets, hosiery, gloves, boots and shoes, 
ready-made clothing, etc. 39. Paper (except 
paperhangings), stationery, and bookbinding, 
such as envelopes, ^ealing-wax, pens (except 
gold pens^ ink, playing-cards, blotting-casos, 
copying-presses, etc. 40. Goods manufactured 
from indiarubber, and guttapercha, not in- 
cluded in other classes. 41. Furniture and 
upholstery, such as paperhangings, papier- 
inach4, mirrom, mattresses, etc. 42. Sub- 
stances used as food or as ingredients in food, 
such aa cereals, pulses, olive oil, hops, malt, 
dried fruits, tea> sago, salt, sugar, preserved 
meats, confeotionery, oilcakes, pickles, vinegar, 
bwr, olai^flers, etc. 43. Fermented liquors and 
spirits, sueb as beer, cider, wine, whisky, liqueurs, 
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etc: 44. Mineral and aerated' waters, natural 
and artificial/ including ginger-beer. 46. To- 
bacco, whether manufactured or unmaxixdac- 
tured. 46. Seeds for agricultural or horti- 
cultura) purposes. 47. Candles, common soap, 
detergents ; illuminating, heating, or lubricating 
oils; matches, and starch, blue, and other. pre- 
parations for laundry pur^ioses, such as washing- 
powders, benzine collas, etc. 48. Perfumery 
(including toilet articles, preparations for the 
teeth and hair, and perfumed soap). 49. 
Games of all kinds, and sporting articles not in- 
cluded in other classes, such as billiard-tables, 
roller skates, fishing nets and lines, tops, etc. 
60. Miscellaneous, including (a) goods manu- 
factured from ivory, bone, or wood, not included 
in other classes, such as coopers’ wares, etc. ; 
(6) goods manufactured from straw or grass, 
not included in other classes; {c) goods manu- 
factured from animal and vegetable substances 
not included in other- classes; {d) tobacco- 
pipes; (c) umbrellas, walking-sticks, brushes 
and combs ; (/) furniture-cream and plate- 
powder ; (g) tarpaulins, tents, rick-cloths, rope 
and twine ; (h) buttons of all kinds other than 
of precious metal or imitations thereof ; (j) 
packing and hose of all kinds ; {k) goods not 
included in the foregoing classes. 

Difficulty of Selecting the Class. From 
this list it will bo seen that there must often 
be great difficulty in deciding what class a 
particular trade-mark shall be registered under. 
The Registrar and his officials will always give 
courteous assistance in the matter, and in 
many cases manufacturers find that to gain 
adequate protection they have to register a 
mark in several classes. 

What May Be Registered. There are 
a number of essential particulars which every 
trade-mark must contain, or consist of, if it is 
to be registrable. It must bear the name of a 
company, individual, or firm represented in a 
special or particular manner ; or it must include 
the signature of the applicant for registration, 
or some predecessor in his business ; or it must 
consist of an invented word or words ; or it must 
be a word or words having no direct reference 
to the character or quality of the goods, and 
not being, according to its ordinary signification, 
a geographical name or surname ; or, finally, it 
may consist of any other distinctive mark; 
but it must be remembered that a name, si^it- 
ture, or word or words other than such as falls 
within the previous, descriptions will not be 
deemed a distinctive mark except by order 
of the Board of Trade or the court. An instance 
of an excellent invented word is Fniitose, 
which Messrs. Chivers & Sons, of Histon, have 
registered for a thick fruit syrup which they 
prepare from English fruits and pure sugar 
for use with puddings, etc. This is not found in 
any dictionary, but it conveys to the public 
a very good idea of the produot in question. 
With regard to words having no direct ref erence 
to the character or quality of the geiodfi for 
which the trade-mark is intended, the word 

Diamond ” may be cited as an example. 



This has been registered in class 4 for starch, 
and in other classes for other articles, but 

‘WOfld probably not be allowed in class 15 as 
a trade mark for glass, being too descriptive. 

According to the Act, a trade- marK may bo 
limited in whole or in part to one or more 
specified colours; and in such case the fac^ 
that it is so limited shall be taken into con- 
sideration by any tribunal having to decide 
on the distinctive character of such trade- 
mark. In so far as a trade-mark is registered 
without limitation of colour, it shall be deemed 
to be registered for all colours. It must be 
borne in mind that it is not allowable to register 
as a trade-mark any matter the use of which 
would, by reason of its being calculated to 
deceive, or on any other account be discntitlecl 
to protection in a court of justice, or would be 
contrary to law or morality. 

What May Not Be Registered. Not 

only is it set forth thus explicitly what may 
be registered, but it is equally explicitly stated 
that certain words and designs may not appear 
in any trade-mark presented for registration. 
It is important, therefore, that in preparing a 
design for registration as a trade-mark the 
prohibitions and restrictions should be borne 
in mind. They are set forth in the rules and 
orders respecting trade-marks as follows ; 

“ The Registrar may refuse to accept any 
^application upon which the following appear : 
(a) The words ‘ patent,’ ‘ patented,’ or * by 
Royal letters patent,* * registered,’ ‘ registered 
design,’ ‘ copyright,* ‘ entered at Stationers’ 
Hall ’ [this is, of course, obsolete now, as the 
Stationers’ Hall registry has been abolished], 
* to counterfeit this is forgery,’ or words to like 
effect, (h) Representations of their Majesties 
or of any member of the Royal Family.” 

Further, applications for registration of 
trade-marks consisting of or embodying the 
emblem of a Red Cross, the words Red Cross,” 
or “ Geneva Cross ” will be refused. 

The following also are not allowed to appear 
on trade-marks the registration of which is 
applied for, unless the marks have been used 
since before August 13th, 1876 : (a) The Royal 
arms or Royal crests, or arms or crests so nearly 
resembling them as to lead to mistake. (6) 
British Royal crowns, (c) British national flags. 
(d) The anchor devices shown on the Admiralty 
seal and the Admiralty flag, and devices so 
similar as to load to mistake, (e) The words 
“ royal,” “ imperial,” “ king’s,” ” queen’s,” 
“ crown,” or any other words, letters, or devices 
calculated to lead persons to think that the 
applicant has Royal patronage pr authorisation. 
The use of the above words in trading styles 
(other than the names of registered corporate 
bodies) will not be permitted in connection with 
applications for registration, unless it be shown 
that the sanction of the Home Secretary has 
been definitely obtained. 

Limited and Conditional Reatric. 

tione. Apart from definite prohibitions, thero 
are a number of conditional restrictions which 
thp Registrar imposes, a.nd the wisdom gf which 
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will be seen from their provisions. These are 
the restrictions in question : 

Where representations of the arms of a 
foreign state or place appear on a mark, the 
Registrar may call for such justitication as he 
may deem necessary for their use. 

Where a representation of the arms or em- 
blems of any city, borough, town, place, society, 
body corporate, or institution appears on a 
mark, the applicant shall, if so required, furnish 
the Registrar with a consent from such official 
as the Registrar may consider entitled to give 
consent to the use of such arms or emblems. 

Where the names or representations of 
living persons appear on a trade-mark, the 
Registrar shall, if he so require, be furnished 
with consents from such persons before pro- 
ceeding to register the mark. In the cases of 
persons recently dead, the Registrar may call 
for consents from their legal represeutativi‘s 
before proceeding with rt‘gistration of a trade- 
mark on which their names or repn'sentations 
appear. 

Where the name or a description of any goods 
appears on a trade-mark, the Registrar may 
refuse to register such mark in respect of any 
goods other than the goods so named. 

Where the name or dc^scription of any goodi 
appears on a trade-mark, which namo or de- 
scription in use varies, the Registrar may 
permit th«^ registration of the mark with the 
name or description upon it for goods other 
than those named or described, the applicant 
stating in his ap])lication that the name or 
description varies. 

Ornamental or coloured groundwork, such ns 
tartans or checks, cannot be claimed as part, 
of a mark unless such groundwork be includt <l 
within the mark by some border or lines. 

Searching the Register. The first thing 
to do in regard to the registration of a trade- 
mark is to make a search in the registers at the 
Trade Marks branch of the Patent Office, to see 
whether the mark has already been registered. 
This applies, of course, almost exclusively to 
word trade-marks. There is very little formality 
to go through in making this search, but a fee 
of a shilling for every quarter of an hour is 
charged. If the person wishing to register a 
trade-mark is unable to go or send to the Patent 
Office himself, he may apply to the Registrar 
upon a specified form (T.M. No. 28), nniuesting 
that a search be made for him, and this will 
be done. A fee of ten shillings is charged. 

Applying for Registration. Jf. as a 

result of the search, it id found th^t the proposed 
word or design has not been registered, then an 
application that it be put upon the rcgistcT 
may bo made. This is done upon a regular form 
(T.M. No. 2), which may be obtained at the 
Patent Office, or, by giving a few days’ notice, at 
any. money-order office in the United Kingdom. 
This form contains a square space to which 
must be affixed a representation of the proposed 
trade-mark, and the form must be signed by the 
individual making the application ; or, if the 
applicant is a partnership firm, then one or 
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more .members of t|ie firm must sign it. In the 
case of a company applying for registration, 
the form h^ to be signed by a director or by 
the secretary or other principal officer of the 
company. An agent, however, may sign the 
application for registration, but before he does 
so the proprietor of the article must send to the 
Registrar an authority in .writing made out on 
a special form (T.M. No, 1 ). With the application 
form T.M. No. 2, which has to be stamped with 
a ten-shilling stamp, must be sent four copies 
of another form (T.M. No. 3), which merely 
contains a square space to which has to bo 
affixed an additionfid representation of the 
design or word that is to bo registered. These 
forms do not have to bo stamped. If it is desired 
to register the mark in more classes than one, 
then one stamped form, T.M. No. 2, and four 
copies of T.M. No. 3 have to be sent in for each 
class, applications for the registration of the 
same mark in different classes being treated as 
separate and distinct applications. All applica- 
tions and communications in connection with 
a registration must, according to the rules, be 
made in the English language. 

The Receipt of the Application. As 
soon as the Registrar receives the application 
he has a search made to see if there is the same 
or a similar mark already registered. It 
might be thought that this action on the part 
of the Registrar would make unnecessary the 
preliminary search by the applicant, but the 
value of the latter is that it prevents him ex- 
pending the ten shillings for his application- 
form if the mark he intended applying for is 
already registered. The application would in 
that case be wasted, and the fee spent to no 
purpose. If the Registrar finds the mark is hot 
already on the register, and he thinks there 
is no objection to it, he may accept it absolutely, 
or may impose conditions or modifications, all 
of which are communicated in writing. If, on 
the other hand, as a result of the search, or 
otherwise, the Registrar thinks there are objec- 
tions to the proposed trade-mark, ho will send 
to the applicant a statement of those objections, 
with a notification that unless within one 
month the applicant asks for a hearing, his 
application will be regarded as withdrawn — 
that is, the whole matter will be considered to 
have been dropped. The opportunity for a 
hearing within one month also holds good if 
the applicant objects to the conditions or 
modifications proposed by the Registrar. 

A Hearing Before the Registrar. The 
Registrar having fixed a day and a time for 
the hearing, the applicant attends and argues 
his case. The objection may be, for instance, 
that an invented word is too much like a 
dictionary word, or too descriptive, for there 
is no fiied standard to which the applicant 
can^work. The regulations do not allow any 
invented word to be registered as 'such and in- 
dependent of all considerations. The acceptance 
or noH'Scceptancc is in the discretion of the 
Registrar, subjeot to appeal to the Board of 
Tr^e or the IBglr Court of Justice. If after the 
hearing jRe^trar still objects to the regis- 
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^ration, then the applicant inay,, within, one 
month, apply upon a spedal form (T.li No. 4), 
with a fee of ton shillings, requir^ the Registry 
to state in writing the grounds bf hiS decision. 
This is for the purpose of appeal. 

Making An Appeal. If the applicant 
decides to appeal he must, within one month 
from the Registrar s notification, send to that 
official in writing a case, in duplicate, stating at 
length the grounds upon which he relies to 
support his application, and whether he wishes 
to be heard by the Board of Trade or the High 
Court. Unless he does this within the specified 
time his application is considered os withdrawn. 
If he has elected to be heard by the Board of 
Trade, he has to send, with his statement of 
case, an application to be heard, made out on a 
special form (T.M. 10), the fee for which is 
twenty shillings. The Registrar forwards the 
case to the Board of Trade, with a copy of all 
the communications that have passed, and the 
Board then fixes a day when the applicant and 
the Registrar may attend and bo heard. The 
Board of Trade will then make an order deter- 
mining what conditions, if any, shall attach to 
the registration, or it may require the applicant 
to api>ly to the High (^ourt within a given time. 
If, instead of being heard by the Board of Trade, 
the applicant prefers to obtain an order of the 
High Court, he must, within a month from the 
time of sending his case to the Registrar, bring 
the matter before the Court by motion. If his 
application is accepted, either by the Board or 
by the Court, then matters go on as if the 
application had been accepted by the Registrar 
in the first place. 

Advertising an Application. When 

the application is accepted it is advertised by 
the Registrar in the “ Trade Marks Journal,*' a 
weekly journal published at the Patent Office. 
For the purpose of the advertisement the 
Registrar must receive a wood-block, line-block, 
or electrotype of the trade-mark, whether it be 
a design or;word, and this is printed under the 
heading of the class in which it is proposed to 
register it. The largest space available for the 
insertion of a block is inches broad by 
inches deep. Word marks must bo in plain, 
block type. With the mark is printed the name 
and address of the proprietor, the kind of goods 
it is to be used for, and any condition or dis- 
claimer, as, for instance, where some common 
word appears as part of the design. In suoh a 
case there would be an announcement, prin^ 
in italics : “ No claim is made to the exclusive 
use of the word ‘ Universal * [or whatever it 
might be].’* ^ 

Opposition to Registration. Within 
ono month from the date when the advertise- 
ment of a trade-mark appears in the Journal, 
any person may give notice in writii^ to the 
Patent Office of opposition to the registration. 
This notice must be made at once on a form 
specially provided for the purpose (T.M. No. 7), 
and a fee of twenty, shillings must be paid. 
The notice must give a statement of the moimds 
on which objection^ made ; and the objection 
is that the proposed mark resembles trade* 



marks already registered, the numbers of such 
ma];ks must be set forth, and the numbers of 
the “ Trades Marks Journal ” in which they were 
advertised. The notice must be accompanied 
by a duplicate, which the Registrar can forward 
to the applicant. 

Meeting the Opposition. Within a month 
of receiving such a notice of op})osition, the 
applicant must send in a counter- statement, 
made out on the form T.M. No, 8, with a fee of 
ten shillings, setting forth the grounds on which 
he supports his claim against the opposition, 
and mentioning any of the facts in the notice? 
of opposition which ho admits. This counter- 
statement must also be sent in in duplicate, so 
that the Registrar can send a copy to the 
opponent. Then, within one month of his 
receipt of this counter-statement, the opponent 
must leave at the Trade Marks section of the 
Patent Office a declaration of the evidence with 
which ho wishes to support his opposition, made 
before a justice of the peace or a commissioner 
for oaths, copies being provided for the applicant. 
Unless ho leaves such evidence at the office, the 
opponent is regarded as having abandoned his 
opposition, but, if he leaves it, then within a 
month the applicant must in like manner leave? 
at the office a declaration of his evidence in 
support of the application — copies, of course, 
being sent to the opponent. Within fourteen 
days the opponent may, if ho wish, leave at the 
Patent Office evidence by statutory declaration 
in reply, but the evidence must be coniined to 
matters strictly in reply. In all these de- 
clarations, copies or impressions of any exhibit® 
that may bo referred to must be sent to the 
opposite party, or, if such cannot conveniently 
be furnished, the originals must be sent to the 
Patent Office so as to be open to inspection. 

The Hearing of an Oppoaition. All the 
evidence on both sides having been completed, 
the Registrar fixes a date for the hearing of 
arguments, and gives notice to the parties con- 
oemed. AVithin seven days of receiving this 
notice both partic^s must file Form T.M. No. 9, 
which is a declaration that they intend to 
appear, a fee of twenty shillings Ix'ing required 
with it. If the form is not duly filed by either 
party within the seven days, the Registrar may 
take it that that party does not desin? to be 
heard. It is in the discretion of the Registrar, 
however, to grant extensions of time to either 
party. The forms being filed, the case is heard 
in due course, and the Registrar gives his de- 
cision, an appeal being possible to the Board 
of Trade or to the High Croiirt if the decision 
is contested by either applicant or opponent. 

Entering a Mark on the Register. If 

there is no opposition when the proposed trade- 
mark has been advertised in the Journal, 
then, as soon as one month has expired, the 
Registrar will, upon payment of a fee of twenty 
shillings sent with Form T.M. No. 11 — which is 
merely a formal note transmitting the amount 
—enter the trade-mark on the register. The 
entry will include the date of registration, the 
goods in respect of which it is registered, the 
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names, address, and profession of the proprietors, 
with any disclaimers, conditions, and limitations, 
etc. When the trade-mark is actually registered, 
the Registrar sends to the applicant a certificate, 
which reads as follows : “ Trade Marks Act, 
1905. Certificate of Registration under Section 
17. To I hereby certify, pur- 

suant to Rule 07 of the Rules under the above 
Act, that the trade-mark in your application. 
No. — , was duly advertised in the ‘ Trade Marks 
Journal,’ and has been registered in your name 
in C^ass — , in resj)ect of the goods 8p(.‘cifiod by 
you. Witness my hand, this .... day of ..... 
19 — .” Then follows the Registrar’s signature 
and the seal of the Patent Office. The registra- 
tion is now complete, and will last for a period 
of fourteen years, when it may be renewed. 

Renewal of a Trade Mark Registrar 
lion. The application for renewal must he made 
on a special form, T.M. No. 72, and u fee of 
twenty shillings sent, not less than two months 
and not more than three months before the 
expiration of the last registration. As the pro- 
prietor of a trade-mark might forget the matter, 
the Registrar, if he has not received the applica- 
tion for renewal, will, some time between two and 
four weeks before the rt'gistration expires, send 
a note to the proprietor saying that, unless the 
renewal fee is i)aid by a certain date, the trade- 
mark will be removed from the register. If the 
fee is paid, tlic registration is renewed for 
another fourteen years ; and oven if the f(*o was 
not paid, and the fact is advertised in the “ Trade 
Marks Journal,” as is the custom, the Registrar 
may still renew the registration if the fee he 
paid, with an additional fee of ten shillings, 
within one month of the advertisement in the 
Journal. In this case forms T.M. No. 13 
and No. 14 have to bo used. 

Series of Trade Marks. It is sometimes 
desired to register a design, as, for instance, a 
label for jam or pickles, in which, while the 
body of the design will remain the same, there 
will be a varying number of changes in a certain 
word or words, in order that the labels may be 
for strawberry jam, raspberry jam, plum jam, 
etc., or walnut, onion, cabbage pickles, etc. 
Or there may be a change of price or some other 
change in matter of a non- descriptive character. 
In such a case it is permitted to register all t he 
varieties in a series in one registration, and 
they become associated trade-marks, which arc 
assignable or transmissible only as a whole. 

Assignment of Trade Marks. The rights 
in a trade-mark may in certain circumstances 
be transferred, but they can only be transferred 
with the goodwill of a business. It is important 
that the regulations on this point should be 
fully understood, as it is often supposed that a 
trade-mark may he assigned without any good- 
will. According to the regulations : • 

“ The Registrar may, on request made jointly 
by a registered proprietor of a mark and the 
person to whom he has assigned such mark) 
together with the goodwill of the business con- 
cerned in the goods for which it has been 
registered, register the assignee as proprietor of 
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the mark. Such application 8hall.,bo..on. the 
Form T.M. No. 16 (a fee of twenty shilUngs. being 
charged). If the Registrar so reqjnre, the 
assignee shall furnish a. declaration on Form T.M. 
No. 17. Where no such joint request is made, 
any person who has become entitled to a 
rc^stered trade-mark by assignment, trans- 
mission, or other operation of law may leave a 
request at the office for the entry of his name 
in the register as proprietor of such trade-mark. 
The request shall be on the Form T.M. No. 18 
(the fee for which is twenty shillings), and such 
request shall contain the name, address, and 
description of the person claiming to be en- 
titled to the trade-mark, hereinafter called the 
claimant. Together with such request the 
claimant shall leave a case stating full par- 
ticulars of the assignment, transmission, or 
other operation of law by virtue of which he 
claims to be entitled to be entered in the register 
as proprietor of the trade-mark, so as to show 
the manner in which, and the person or persons 
to whom, the trade-mark has been assigned or 
transmitted, and so as to show, further, that it 
has been so assigned or traasmitted in con- 
nection with the goodwill of the business con- 
cerned in the goods for which the trade-mark 
has been registered. Such request shall, in the 
case of an individual, he made and signed by the 
claimant, and in the case of a firm or partner- 
ship by one or more members of such firm or 
partnership, and in the case of a body corporate 
shall be signed by a director or by the secretary 
or other principal officer of such body corporate. 
Where the Registrar shall determine that the 
case sets out particulars such as entitle the 
claimant to bo registered as proprietor of such 
trade-mark, he shall call upon the claimant to 
furnish a statutory declaration (Form T.M. No. 
19) verifying the several statements in the case, 
and declaring that the particulars given com- 
prise every material fact and document affecting 
the proprietorship of the trade-mark claimed 
by such request.” 

The Cutlers* Company. According to 
the Trade Marks Act, 1905, applications for the 
registration of trade-marks used on metal 
goods, if made by persons carrying on business 
in Hallamshire (an ancient manor, now a Par- 
liamentary division of Yorkshire, with Sheffield 
for its chief town), or within six miles thereof, 
must be made to the Cutlers* Company of 
Sheffield, and left at or sent by post to the 
Cutlers’ Hall. The fees are the same as in 
applications to the Registrar in London. The 
Cutlers* Company have to send a duplicate 
application to the Rej^strar, and he may object ; 
but if there is no objection, the mark is adver- 
tised in the Journal, and is eventually 
entered in the register kept in Sheffield. 

Marks. The Trade Marks Act 
fui^<^ continues the Manchester branch of the 
Trade Marks . Registry, and application for the 
registration of cotton marks has to be made to 
the Manchester bi^ch, on Form Cotton No. 1, 
with a f of ten shillings. As in the case of 
applications to the Cutl^’ Gompany, a duplicate 
application form, unstamped^ ipust be filled up, 
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so that the Manchester branch may send a copy 
to the Registrar in X^ndon. The procedure is 
much the same as iii the case of the Cutlers* 
Company, the cotton mark being advertised 
by the Manchester branch, and, if there is lio 
objection, entered by the Keeper of Cotton 
Marks upon the Manchestsr register at the 
registry, 48, Royal Exchange, Manchester. " 

Trade Marks in the United States. 
The law and regulations relating to trade-mark 
registration are very much the same in the 
United States as they are here. Ownership in a 
trade-m^k there is a property right resting in 
the common law, but the United States Trade 
Mark Law of 1905 systematised the registration 
of trade-marks, and provided a definite procedure 
for recording and protecting them. 

“ Registration,” it has been said by an 
American expert on the subject, “ is primajacie 
evidence of validity, but it is not conclusive 
evidence.** The Supreme Court of the United 
States has declared that ” the right to adoj)! 
and use a symbol or device to distinguish the 
goods or property made or sold by the person 
whose mark it is, to the exclusion of use by all 
other j^ersons, ha.s long been recognised by the 
common law and the Chancery Courts of England 
and of this country. It is a property right for the 
violation of which damages may bo recovered in 
an action of law, and the continual violation of it 
will be enjoined by a ('Jourt of Equity with 
compensation for past infringements. This 
exclusive right was not created by the Act of 
Congress, and does not now dcjpend upon it for 
its enforcement.” 

The advantages of registralion, however, are 
great, for the owner of a registered trade-mark 
can, in a legal action for infringement, produce 
at once and without trouble the record of its 
adoption and legal registration. Registration in 
the Ignited States Patent Office brings any 
litigation concemmg a trade-mark within the 
scope of the Federal Court ; whereas when a 
trade-mark is not registered under federal law, 
a suit regarding it cannot be heard in the United 
States Courts unless the sum in dispute is more 
than two thousand dollars, and the contending 
parties are. not citizens of the same State. 

International Arrangements. An In- 
ternational Convention for the Protection of 
Industrial Property exists among the principal 
commercial countries of the world, and under 
this convention an applicant for a trade-mark 
in any of the contracting states may obtain 
priority of date in any of the other states. 
Those who want to go into the matter of tr^e- 
marks registration in greateiv detail should 
obtain from the Trades Marks branch of the 
Patent Office, or through a bookseller, a number 
of official pamphlets, the titles of which are as 
follows ; “ Statutory Rules and Orders, 1906, 
No. 233.** “ Statutoty Rules and Orders, 1912. 

’ No. 282. Amended Reprint ” ; “ Instructions 
to Persons who wish to register Trade Marks *’ ; 
“The Trade Marks Act, 1905” ; “The Indus- 
trial Property Convention of March 20, 1883 ; 
and “ Additional Act Modifying: the Convenriom” 
CABLES RAY 
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IJght-Rays through Crystals. The Polarlscope. Electro- 
magnetic Theory of Light. The Nature of a Light-Wave. 


PHENOMENA OF A RAY OF LIGHT 


W B must now study tho fashion in which 
certain crystals act upon a ray of light ; 
and the point which it is desired to omphasiso 
is that we must not regard the behaviour of 
solutions of tartaric acid, for instance, upon 
light, and tho behaviour of certain crystals upon 
light, as unrelated, but must constantly associate 
thorn in our minds as various instances of tho 
relations discovered as existing between light 
and molecules of certain shapes. 

Ordinary and Extraordinary Rays. 
The familiar salt known as calcium carbonate 
occurs in great quantities in Iceland in the 
particular form which is known as calcite^ or 
Iceland spar. Portions of this substance can 
very readily bo split or cleaved so as to form 
a transparent crystal, having tho shape of a 
rhomb. Now, in such a crystal there is a 
particular direction, which is such that the 
crystal is symmetrical around it, and this is 
known as tho optic axis of a crystal. This 
optic axis docs not pass through any point in 
the crystal, but, indeed, there are as many 
optic axes as molecules, and they are all 
parallel. This fact alone is proof that tho 
behaviour of a crystal, which wo are about 
to study, is really the behaviour of one and all 
of its component molecules. If we take such 
a crystal, and look at any object through it, we 
find everything is double. [See page 1937.] 

In short, when a ray of light passes through 
a rhomb of Iceland spar, it is split up into two 
rays, and these two rays differ from each other 
in the most remarkable way. One of them is 
known as the ordinary ray ; it passes through 
the crystal according to the ordinary laws of 
refraction, and displays no peculiar characters. 
But tho other ray, which is produced by this 
process of double refraction, has some very 
remarkable properties of its own, and is called 
tho extraordinary ray. In the first place, it 
docs not have the ordinary index of refraction ; 
and, in the second place, we shall find that this 
ray actually turns round when the crystal is 
turned round, in such a fashion that it always 
remains in the same piano with the ordinary 
ray, and with the optic axis of the crystal. 
Thus, if we look through such a crystal at 
writing upon a piece of paper, one of the two 
images of the writing produced by the double 
^fraction actually turns round as tho crystal is 
itself turned round. 

It is essential that the Iceland spar bo prepared 
for this purpose in a fashion which preserves 
its natural characters. It must be split in its 
three natural directions. If it be cut, we shall be 
apt to find that it has no peculiar characters 
at all, and that no double refraction is produced. 


The Extraordinary Ray. What wc i o v 
require is plainly some device which will enable 
us to study cither the ordinary or th(‘ extra- 
ordinary ray by itself. This can be done by 
taking a crystal of Iceland spar, cutting it 
obliquely so as to form two wt'dgcs, and then 
cementing the wedges together wit h the substance 
known as Canada balsam. This particular 
substance is transparent, and has a refractive 
index which is between the refractive index of 
tho ordinary ray and that of the extraordinary 
ray of Iceland spar. Hence it is an easy matter 
to adjust the prism— commonly called a “ Nieol ” 
— so that the ordinary ray is totally reflected 
from tho Canada balsam (falling upon it at an 
angle greater than tho critical angle), while tho 
extraordinary ray passes on unchecked. 

When wo come to examine this extraordinary 
ray, we find the explanation of tho fact that one 
of tho images seen through a rhomb of Iceland 
spar rotates when tho crystal is rotated. We 
find, in short, that this extraordinary ray consists 
of polarised light. 

A Historic Observation. Double re- 
fraction had already been studied by Huygens 
and by Newton. It was not until 1810, more 
than a century after Newton’s work, that, to 
quote Tait, “Mai us, while engaged on tho 
theory of double refraction, casually oxauum‘d 
through a doubly refracting prism of quartz 
the sunlight reflected from the windows of the 
Luxembourg Palace. Ho was surprised to find 
that the two rays alternately disappeared as tho 
juism was rotated through successive right 
angles ; in other words, that the reflected light 
had acquired properties exactly corresponding 
to those of the rays transmitted through Iceland 
spar. Even Malus was so imbued with the 
corpuscular theory of light that he named this 
phenomenon * polarisation,’ holding it as in- 
explicable on the wave theory, and as requiring 
a species of polarity (akin to tho magnetic) in the; 
light corpuscles — a close reproduction of on(' 
of Newton’s guesses.” 

It was not long before tho true conception 
was reached : that the ethereal vibrations take 
place at right angles, perpendicularly to tho 
direction of the rays. Wc must also note another 
difficulty: “ That a body may transmit waves, 
in which the vibration is perpendicular to tho 
direction of a ray, it must have the properties of 
an elastic solid rather than of a fluid of any kind. 
And our experience of the almost entire absence 
of resistance to the planetary motion seems, at 
first sight at least, altogether incompatible with 
tho idea that tho planets move in a jelly-like 
solid, filling all space through which light can 
bo propagated.” 


SOURCES AND USES OF POWER, PRIME MOVERS, POWER IN THE FUTURE 
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The ••SIdee** of Lri||;ht*WaTee. Trans- 
▼erse waves, then, can have what Newton called 
aides. FurtWmoro, they cannot interfere with 
one another, so as to destroy one another, unless 
their sides are parallel ; and they cannot inter- 
fere at all if their ** sides ** are at right angles with 
one another. These statements must be tested 
by examination of polarised light (page 1796]. 
But first let us insist upon the general statement 
of the fact, a particular instance of which was 
discovered by Malus. 

“ l^ht reflected from the surface of substances 
so different as water, glass, and polished wood, 
at a certain definite angle which depends upon 
the nature of the substance, is found to possess 
all the pro^rtios of one of the ravs transmitted 
through Iceland spar.” The angle thus referred to 
is known as the polarising angle. Sir David Brewster 
further discovered, as a result of a most prolonged 
and patient research, the law which goes by his 
name, as follows : “ The tangent of the polarising 
angle is equal to the refractive index of the reflecting 
substance,** or, “ when the reflected ray is completely 
polarised, it is perpendicular to the refractea ray.” 
The light reflected from the sky is partly polarised. 

If we use two Nicol prisms together, wo can 
obtain some very instructive results. After 
passing through one Nicol, light falling on another, 
turned at right angles to the first, is completely 
arrested. If a second Nicol, or “ analyser,** be 
placed in a similar position to the first, the ray 
passes unchanged ; hut as the second Nicol is 
rotated, more and more of the light is stopijed. 
When the two prisms are at right angles to each 
other, they are opaque, even to strong sunlight. 

The Polariscope* The polariscopo is an 
instrument in which wo may study the interference 
of polarised light. Essentially, it consists of two 
Niools placed at right angles to one another, hut 
having oetween them a plate of crystal cut parallel to 
the optic axis, and therefore capable of resolving 
into two — ^by double refraction — the polarised, or 
extraordinary, ray which passes through the first 
Niool. In consequence of this resolution, the waves 
can pierce the second Nicol to some extent. In so 
doing, they interfere with one another, and so 
produce the coloured rings characteristic of the 
polariscope. Among other uses, the polariscope 
nas that of enabling us to distinguisn between 
crystals and other bodies resembling crystals. 

Wo owe the polariscopo to the discovery of Arago, 
made the year after the observation of Malus. Ho 
it was who first discovered that ” a plate of any 
double-refracting crystal, such as selenite or mica, 
when interposed between two similar }X)lari8ing 
prisms or piles of glass plates, displays splendid 
tints, varying in colour with the thickness of the 
plate and with its inclination to the transmitted 
beam, and varying in intensity as the plate of mica 
or selenite is turned round in its own plane.** 
This discovery depends upon the fact, which wo 
have already stated in other words, that two 
polarised rays cannot interfere with one another 
unless they are polarised in the same or in parallel 
planes. After Wonting the polariscope, Arago 
showed by its means that the light of the sky is 
laigely polarised (being none other than sunlight 
re^tea from the contents of the atmosphere), 
and that the light of the moon and the light from 
tails of omnets ' i^ow sims of polarisation— -a 
proof that thw bodies Aine by light which is 
Doirowed or xelleeted. Now we turn to the greatest 
of the questifins f aised by UglvL^^ 
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The DIecoverlee of Clerk-MaxWell. 

The discoveries of James Clerk-Maxwell (1831 to 
1879), a Scotsman and the fimi Professor of 
Experimental Physics at CambridgCi have" been 
repeatedly referred to in this course. When he was 
only eighteen he made two valuable contribatioiis 
to physics. Not very long afterwards, he made his 
first contribution to electricity, which was after- 
wards to bo the subject of his greatest work. His 
theory of electromagnetism, in its fully developed 
form, first appearec^ in his book “ Electricity and 
Magnetism,” which appeared in 1873, and has 
been described as one of the most “ splendid 
monuments ever raised by the genius of a single 
individual.** His name will live longest, perhaps, 
in virtue of his elertromagnetic theory of light 
[page 742], to which some reference has already 
been made, when we ]K)inted out that its author 
not only declared that light must exert a pressure 
upon surfaces opposed to it, but also dared to 
estimate the magnitude of that pressure — his asser- 
tion and his estimate having since bc^en confirmed by 
actual observation. We may quote from Tait a 
very brief statement of the splendid work that 
Maxwell accomplished. 

“ Maxwell has .shown how to reduce all electric 
and magnetic phenomena to stresses and motions 
of a material medium, and, as one preliminary, 
but e.xcessivoly severe, test of the truth of his 
theory, has shown that (if the eloctromagnetio 
medium be that which is required for the explana- 
tion of the phenomena of light) the velocity of 
light in vacuo [in a vacuum] should be numerically 
the same as the ratio ^)f the electromagnetic and 
electrostatic units. We do not as yet certainly know 
either of these quantities veiy'* exactly, but the 
moans of the best determinations of each, separately, 
agixjo with one another more closely than do the 
various values of either. There seems to be no 
longer any possibility of doubt that Maxwell has 
taken the first grand step ti)wards the discovery of 
the true nature of electrical phenomena. Had he 
done nothing but this, his fame would have been 
secured for all time. But, striking as it is, this forms 
only one small part of the contents of his tndy 
marvellous work.” * 

Electromagnetic Theory of Light, 

These words were written about a quarter of 
a century ago, and since then it has become 
possible to s})eak in very much bolder terms of 
the electromagnetic theory of light. We now know 
that electromagnetic disturbances are transmitted 
through the ether at the same speed as light, and 
in consequence of the work of Hertz, who approached 
the question from the experimental side, as Clerk- 
Maxwell had aT)proached it from the theoretical 
side, we know that eU'ctromagnetic waves are 
capable of refraction and reflection, and therein 
follow precisely the same laws as those followed 
by light. Cunoiisly enough. Hertz also was fated 
to die at the very height of his powers. He died 
in 1894, at the age of 37, and g;s*epoch-making 
work was done when he was about 30, while he 
was acting as Professor of I'hyaics at the Carlsruhe 
Polytechnic. Not only did he discover the propa- 

g ation of electromagnetic waves through space, but 
e measured their length and velocity, demon- 
strated their capacity lor polarisation, and the 
transverse character of their vibrations. In other 
words, he proved, to quote Helmholtz, that light 
consists of electrical vibrations in an omnipi^nt 
ether which is at once an insulator and a 
medium.’* Every detail of his theories was worked 
out with nnuBucdebmpleteness. 
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Herts and a New Conception of 
Lil^ht.. Hertz was the favourite and most 
distinguished pupil of the illustrious Helmholtz. 
His work, together with that of Clerk-Maxwell, 
has established a new conception of light — which 
the nature of our sensory organs makes it difficult 
for us to appreciate. We must understand that 
light has been proved to bo merely a few notes 
picked out for our immediate consideration, in con- 
sequence of the chemical nature of our eyes, from 
a great gamut of vibration with which the universe 
is filled ; and that these vibrations arc capable of 
interpretation in terms of electricity and ffiagnetism. 

Let us see how it affects our conception of the 
wave theory. The best and simplest analogy to a 
wave of light is to be derived from a rope attached 
to a hook at one end and held in the hand at the 
other end. To such a rope waves can readily be 
imparted ; they seem to run along it and return. 
But, in point of fact, if wo were to investigate the 
motion of any jiarticlc in the rope, we should find 
that it was moving up and down —in other words, 
at right angles to the line of propagation of the 
wave. Such a wave, then, would quite strictly 
correspond to a ray of polarised light. A ray of un- 
poiarised light might then bo conceived as consist- 
ing of tho similar and simultaneous motion of an 
infinite or indefinite number of ropes, all vibrating 
about the same axis, but all in different planes. 

Light a Process, not a Substance. 
This leads us into difficulties, because it seems 
quite incompatible with our notion of tho ether 
ss a continuous solid. [See page 740.] But now wo 
must ask ourselves whether tho electromagnetic 
theory of light does not require that we should 
abandon our simple physical analogies derived 
from ropes and tho like. Probably in so doing we 
may rid ourselves of some contradictions. Our 
best plan will bo to follow Maxwell himself. 

In what he calls a brief summary of the cvidenco 
for the imdiilatory theory of light, Clcrk-MaxwcIl 
first of all infers from the fact of interferenoo that 
“ light is not itself a substance. . . . Wo cannot 

suppose that two bodies, when put together, can 
annihilate each other ; therefore light cannot bo a 
substance. What we have proved is that one portion 
of light can be tho exact opposite of another portion. 

“ Among physical quantities,” (^Jlcrk-Maxwell 
proceeds, “ wo find some which are capable of 
having their signs reversed, and others which are 
not. Thus, a displacement in one direction is 
the exact opposite of an equal displacement in tho 
opposite direction. Such quantities are the measun*s, 
not of substances, but alwavs of processes taking 
place in a substance. Wo therefore conclude that 
light is not a substance, but a process going 
on in a substance, the process going on in tho 
first portion of light being always the exact opposite 
of the process going on in the other at the same 
instant, so that, when the two portions are combined, 
no process goes on at all. . . . We have deter- 

mined nothing as to the nature of the process. It 
may be a displacement, or a rotation, or an electrical 
disturbance— or, indeed, any physical quantity 
which is capable of assuming negative as well as 
positive values. Whatever be the nature of the 
procete, if it is capable of being expressed by an 
equation of this form, the process going on at a fixed 
point is called a vibration, , . . When we 

contemplate the different parts of the medium as 
going uirough the same process in succession, we 
use word undulaiorp to denote this character 
of tike process, without in any way restricting its 
physical nature.” . - . 


The Nature of a Wave. The last phrase 
will prepare us for what wo are about to see — namelj^ 
that our illustration of tho rope is only an illustra- 
tion. As long as our notion of a wave is derived 
from any of the wavers we know, we shall have no 
choice but to think of a wave of light as a displace- 
ment — that is, as a movement of certain parts of 
tho ether. This implies that tho ether is dis- 
continuous, and leaves us hopelessly muddled. 

Tho original view of tho wave theory was that a 
wave of light consists of a movement of the medium. 
Wo must abandon this altogether. Furthermore, we 
must abandon entirely all our preconceptions as to 
tho meaning of tho word wave. We must cease 
altogether to think of a wave of light as constituted 
of something which is moving up and down, or 
from side to side. Wo are very far from assorting 
that when we abandon this conception, as wo must, 
we shall bo able to replace it by what Dosiuirtes 
would have called a “ clear and distinct idea ” of a 
wave of light. But, at any rate, we shall have 
travelled a little nearer towards tho truth. 

Clerk-Maxwell points out that Faraday predicted, 
in a remarkable fashion, the discovery that one and 
tho same medium is concerned in tho propagation of 
light and in electromagnetic phenomena. “ Such 
an action,” Faraday says, ” may bo a function of 
the other, for it is not unlikely that, if there be an 
ether, it should have other uses than simply tho 
conveyance of radiation.” This prediction of 
Faraday’s has been most wonderfully verifietl. 

The Unity of Ethereal Vibrations. 
Everything goes to show that tho one ether is 
adequate, as Farailay expected, for tho explanation 
of light and of electromagnetic phenomena. Hays 
Clerk-Maxwell : “Tho properties of tho electro- 
magnetic medium are tluToforo, as far as we have 
gone, similar to those of the luminiferous medium, 
but the best way to compare them is to determine 
tho velocity with which an electromagnetic disturb- 
ance would bo propagated through the medium. If 
this should be equal to the velocity of light, wo 
should have strong reason to believe that tho two 
media, occupying as they do the same space, are 
really identical.” We now know that, as Hertz 
proved, tho two voloL’ities arc equal. Again, Clerk- 
Maxwell goes on to recount a number of diffi- 
culties which lie in the way of the acceptance 
of “ the undulatory theory, in the form which 
treats the phenomena of light as the motion of 
an elastic solid.” We cannot do better than quote 


his own words : 

“ The first and most important of these [diffi* 
culties] is that the theory indicates the possibility 
of undulations consisting of vibrations normal to 
the surface of tho wave. The only way of account- 
ing for the fact that the optical phenomena which 
would arise from these waves do not take place is 


to assume that the ether is incompressible. 

“ The next is that, whereas tho phenomena of 
reflection are best explained on tho hypothesis that 
tho vibrations are perpendicular to the plane c( 
jmlarisation, those of ctoublo refraction require us 
to assume that the vibrations are in that plane. 

” Tho third is that, in order to account for the 
fact that in a doubly refracting crystal the velocity 
of rays in any principal plane and polarised in that 
plane is the same, we must assume certain highly 
artificial relations among the co-cfficients of elasticity. 

” The electrotnagneiic theory of light satisfies aU 
these require by ihe single hypothesis that the electrte 
displacement is perpendicular U) the plane of polar- 
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Setting and Laying; Footings. Plambing the Angles. Damp Courses. 

Hollow .Walls and Air Bricks* Corbelling and Cornices. Mortar joints. 

CONSTRUCTING BRICK WALLS 


W E are now in a position to consider the 
actual method of carrying out brickwork. 
The necessary excavation will have been made 
by the excavator and the trenches filled in to 
the required depth with a layer of concrete, the 
top of which is left level and true. The standards 
for the scaffold and at least one or two ledgers 
will have been got into position, so that the 
bricklayers’ work, when it commences, may pro- 
ceed without interruption. 

Setting out the Walla. The position 
of the walls and their footings will have 
been previously marked, and the first opera- 
tion will be to test the accuracy of the con- 
crete in relation to the position of the walls, 
and to mark on the concrete foundations the 
position of the angle bricks of the footings by 
straining lines between the setting-out boards 
[see page 746] ; a plummet should be dropped 
from their intersection and a brick accurately set 
on a small mortar bed to mark each angle ; the 
dimensions should bo carefully checked over 
again after the bricks are actually set out so 
that any slight inaccuracy may bo corrected 
while this is still an easy matter. 

Laying the Footings. When the set- 
ting out is verified the actual laying of bricks 
begins with the bottom course of footings. 
Footings consist of a base wider than the wall 
itself, and serve to increase its stability and to 
distribute its weight over the wider area of 
the concrete. In London, footings are required 
by the London Building Act, 1894, to all walls 
except those which rest upon girders ; the 
minimum width of the bottom course of footings 
is required to be twice the width of the wall 
under which it occurs, and the total height of 
the footings is required to be, as a minimum^ 
two-thirds of the width of the wall at its base — 
that is, at the course next above the footings. 
These rules are very generally accepted as the 
reasonable minimum requirements beyond the 
jurisdiction of the London Building Act. The 
footings of brick walls are formed of successive 
courses of bricks ; the minimum size of each 
course is made one half-brick wider than the 
course above it, and projects beyond it 24 in. 
both in front and at the back. It will be 
seen, therefore, that to provide the requisite 
width of footings one course will be required 
for every half-brick in the thickness of the wall, 
and as the height of a brick (3 in.) is two-thirds 
of the width (4| in.), this number of courses 
will also give the requisite height for the 
footings. 

Bond of Footings. Footings are, with 
very rare exceptions, buried below the ground 
level, and we need not, therefore, consider 
the. appearance of them as of such importance 


as to make us abandon the most suitable 
method of construction ; whether the wall 
above is English or Flemish bond, the footings 
in all cases are laid in header bond. If the 
footings to a wall having a stopped end be 
examined [72], it will be observed that this 
secures a perfect system of bonding without 
the use of closers ; for each course projects at 
the end of the wall 2i in., or the width of a 
closer, and also, as already pointed out, to the 
same extent both in front and rear, and a very 
thorough and complete bond results. The 
great advantage of using nothing but headers 
will be observed in loolang at a cross section 
[73], for in each course the headers that form 
the front row cover the bricks below, which 
are also headers, to the extent of 6 J in. by 4^ in., 
or three-fourths of the entire area; whereas, 
if the brick below were a stretcher it would 
be covered only to the extent of 2J in. by 9 in., 
or one half its area. And as one of the im- 
portant functions of these footings is to distribute 
the pressure from the wall outwards, this 
arrangement is clearly one that will perform 
this duty with the least likelihood of pro- 
ducing a fracture. It is, however, obvioua 
that, as the width of the footings increases 
by only a half- brick in each course, a single 
course of stretchers must be used in every 
alternate course ; but, excepting in the case 
of the first course of footings to a one-brick 
wall, this never shows on either face, but is placed 
at or near the centre of the wall. It should 
be so arranged that two successive courses of 
stretchers do not come vertically one above the 
other [see the section, 73]. Where a wall is 
not stopped, but is returned, the angle brick in 
each course must show as a stretcher in the 
return wall, but immediately beyond this 
brick the use of headers is resumed [83]. 

Double Course of Footings. It is 
a useful practice to build the lowest course 
of footings two bricks high [78], and this 
should invariably be done if circumstances 
permit of the concrete bed being omitted. 
This is sometimes done for all courses [78] 
where the loads are heavy and the foundations 
deep enough ; but though advantageous when 
great strength in the footings is required, this 
doubles the depth of the footings and naturally 
adds to the cost. Any course ^f footing that 
is formed with two courses of bricks wiu show 
ordinary English bond, a course of headers 
above a course of stretchers on the face. 

Marking the Line of Footings. In 
laying the bricks after the angles have been 
fixed a line is stretched to mark the inner and 
outer face of the wall ; this is fixed at each end 
^ an iron spindle having a blunt blade, The 
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line can be wound round the spindle to shorten 
it» or unwound to lengthen it, as required, and the 
blade is inserted into a joint ; this line is tightly 
strained, and marks the level of the top of the 
oourse. When these preparations have been 
made a layer of mortar is spread upon the 
concrete bod which, if it has got thoroughly 
dry, should be first wetted, to prevent undue 
absorption of the water in the mortar. Starting 
from the angle brick, some mortar will bo 
plastered on the side of it, and the next brick 
will be laid on the mortar bed a short distance 
from its final position and then moved into 
position, thus forcing up a little mortar into the 
vertical joint. 

The front row of bricks on each face is first 
completed, and, when it comes to filling in the 
last brick before the next angle is reached, a 
little mortar is usually spread on it to form the 
last vertical joint. This outer row of bricks 
is carefully adjusted to the lino, and may bo 
tested with a level [34, page 24511]. The bricks 
are knocked down to their proper level with the 
side or with the butt-end of the handle of the 
trowel. The outer line of bricks being carefully 
placed, the filling in may proceed much more 
rapidly, as the same care in aligning the bricks 
is not necessary. 

Flushing up the Joints. When the 
course is complete it will be found that 
the vertical joints on the face are filled, but 
that many of the other vertical joints are still 
open. Mortar is spre^ad over the top of the 
course and worked into these joints with thcj 
trowel, and it is important that these joints 
should bo well filled to ensure the full strength 
of the wall being attained and, in the case 
of walls above the ground level, to prevent 
rain being driven through the walls at imp(‘Tfcct 
joints. This procees is described as flufthing vp. 

The next course of footings is sot out in 
a similar manner, being formed ono-(iuartcr 
brick within the line of the first until the top 
course of footings is completed. 

Beginning the Wall. The next coi.rse 
of bricks forms the base of the wall, and 
at this point a slight variation in procedure 
begins. The courses are no longer diminished 
in width, but the wall is continued upwards 
of the same thickness for at least several feet, 
and the bonding has to receive attention. 
Instead of setting a single angle-brick the angle 
of thi. wall is raised for several courses at a 
time [84], and is very carefully put together. 
Such an angle is usually formed so as to extend 
at the base for a length of two or three bricks 
in each direction, each successive course being 
reduced in length as required by the bond. 

Plumbing the Angles. At the angle the 
plumb rule is used on both the front and the 
return face to ensure that the quoin, or angle, is 
perfectly vertical. The plummet consists of a 
straight-edge with parallel sides [33, p. 2459], and 
with a fine line or groove marked on the face. At 
the top m two or three fine slits, by means of 
wluotL ^’ line may be readily attached 
adjudEed. This carries a heavy plummet 
of leddl st its lower end. In using this instrument 
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one edge is placed in contact with the wall 
to be tested, the face of the straight-edge is 
inclined slightly forward, the side being still 
in contact with the wall, so that the line and 
plummet swings out a little from the straight- 
edge. If, when it is allowed to swing back, it 
falls so as to coincide with the line, it shows 
the edge, and, therefore, the wall with which it 
is in contact, to be truly vortical ; if it is not 
so, the bricks must be adjusted until this result 
is obtained on both faces. When two angles 
have th\i8 been built, the lino is strained through 
for each course, and the wall between the angles 
is brought up to the height to which the angles 
have been built, when the process is again re- 
peated. 

Building to a Fair Face. I'bo pro- 
cess of forming the face of a wall carefully 
in this manner, so that all the exposed faces 
of the bricks are in an even plan<^, is termed 
building to a fair face. Such a length of wall 
is usually workcnl from the two ends towards 
the centre and from both faces, one bricklayer 
standing outside, the other inside, the wall, 
unless overhand work has to be resorted to. 
[See page 1534.] 

Keeping Perpendiculars. Owing to the 
slight irregularities in the sizes of hriedcs, and 
to the possibility of slight unevenness in tlui 
thickness of vortical mortar joints, it happ/nis, 
even where bond is properly formetl, that unless 
special care bo taken the vertical joints in onts 
head(^r course, for example, will not coincide 
precisely, though tiujy will approximately, with 
those two, four, six or more courses below. 
There may ho no such discrepancy as to inter- 
fere with the soimdni^ss of the wall, but its 
smart and workmanlike apjiearance is allected, 
and' in all high-class work the bricklay(‘T is 
expected to sec that perpends are truh/ kept 
[49, page 1534]. This noci‘ssitat 's that from 
its base, or, at least, from any plinth course, ihc 
bricklayer must set out all openings that may 
occur in the upper part of the wall ; where thes ^ 
irivolvii forming small piers with, perhaps, the 
introduction of a header in alternate stretcher 
courses to give the required dinKuisioii to the 
pier. This treatment must be followed in the 
lower part of the wall before the window open- 
ings are reached. The closers for bonding the 
small intermediate piers do not appear in the 
unbroken wall below the level of the openings, 
hut all other perpends should be carried down. 
If two successive storeys in a building are 
separated by a moulded string or projecting 
band, the line of perpends may be interrupted 
at such points if necessary. 

Thickness of Walls and Reducing 
the Thickness. In constructing a high wall 
comprising several storeys it is not necessary 
to carry it up of uniform thickness through - 
jut. In London the minimum thickness of 
*ny wall at its base and the extent to 
which the thickness of upper storeys may be 
reduced is regulated by. the London Building 
4ct, 1894, Schedule 1. The thickness at different 
evels depends partly upon the class of structure, 
partly iqbn the height, and partly upon the 
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length. Those schedules give all necessary 
particulars, and though the regulations are not 
binding, except in London, they serve as a useful 
guide for reference in other districts in which 
such particulars are not prescribed by the 
local building regulations. 

The external face of a wall is, as a rule, built 
throughout in the same plane, but where the 
thickness of the wall may be decreased it is done 
by omitting at dctinito stages one half-brick of 
the thickness [85]. Such a reduction is termed 
a set-off, and in most cases occurs on the inner 
face at a point whore a floor is to be carried, 
advantage being taken of the ledge formed by 
the set-ofl to support the floor. In the case of 
a party wall this reduction is made on each 
side and amounts to 2^ in. Sometimes, for 
convenience of carr)ring the lowest floor of a 
building, a set-off is required just above the base 
of the wall, and to form this an extra half brick 
is added to it at the bjise ; but if this bo done 
it is not necessary to increase the width of the 
footings ; this thickening ranks merely as extra 
brickwork to carry the floor, and is built up so as 
to include in its thickness the two top courses 
of footings [72J. 

Sleeper and Fender Walls. It is 

often convenient and economical to form dwarf 
walls between the main walls to help to support 
the lowest floor, and such walls are termed 
sleeper walls, because they carry a wood sleeper 
or plate, which in turn carries the floor joists. 
Such w^alls may be a brick or half a brick thick, 
and will require footings. They are often formed 
as honeycomb uxills [82J — i.e., every course is 
formed, not by laying the bricks so that the ends 
arc joined together by a mortar joint, but by 
merely bedding the bricks in mortar w'ith a con- 
siderable int '.rval between the ends ; stretchers 
only are used. The objects of this construc- 
tion are partly economy of material, but mainly 
the promotion of free ventilation Inflow the floor 
level ; such a wall is, of course, less strong than 
an ordinary wall, but it is amply strong for 
a low wall subjected only to a vertical load ; 
it is rarely more than eight or ten courses 
high. Fender imlls are usually one-brick w'alls 
built in front of a fireplace on the lowest 
storey, to carry the hearth-stone and the floor 
joists. 

Damp Courses. At some point above the 
base of the wall and below the level of the lowest 
floor it is necessary to insert in all walls, including 
sleeper walls, a layer of impervious material to 
prevent moisture from rising in the walls. The 
footings, and perhaps the wall itself for some 
height, are usually in contact with the soil, and, 
being absorbent, will take up moisture from it ; 
and this will, if not interrupted, tend to spread 
upwards and render the brickwork damp. This 
layer of material is termed a damp course, and, 
obviously, must, to be effective, be placed at 
such a level that at no point above it will the 
natural earth be in contact with the wall. The 
wall is carried up to the required height, and 
tinished off with a level surface to receive 
uhe^damp which may be ot:^||anou8 
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Mineral Asphalt Damp Course. Prob- 
ably the very best material in the British climate 
consists of a layer of mineral asphalt ^ in. thick. 
The only possible drawback to this material is 
that, if subjected to a high temperature, it may 
soften and ooze out under the pressure of the 
walls above it. It is laid in the following manner. 
For the best work, after the brickwork is levelled, 
the mortar or cement should bo allowed to get 
fairly dry ; thin slips of wood are fixed on each 
side of the wall, so as to stand \ in. above the 
bed ; the asphalt is melted in a cauldron, and 
becomes semi-liquid, and is then, while still hot, 
poured over the wall and the top is levelled ; the 
material cools rapidly and becomes hard. It 
should not be laid on w'ct mortar, as steam is 
apt to bo generated, and small bubbles formed. 
The wood edges are not always used ; the 
material is so thick that it can be worked up to 
the edge as it cools without running over, but 
there is more liability to unevenness in thickness. 
One great advantage of this material is that 
should there be any change in the level of the 
damp-proof course, it may easily be worked on 
to the vertical surface between such different 
levels. 

Other Damp Courses and Materials. 

Salt-glazed stoneware blocks are made in widths 
of 9 in. and 13J in., and from l.\ to 3 in. in thick- 
ness. They form an excellent damp course, 
and are espc'cially usf'ful for inserting in an 
existing wall ; tluy an^ frequently perforated, 
and t-h(‘n servo as v(uitilating gratings also. 
They should be bedded and jointed in Portland 
cement and sand; and it is useful to build all 
work up to the damp eourse I(W(‘I in C(*ment 
mortar. Bituminous sheets, made with retined 
bitumen, form a dam]) eourse which is durable, 
flexible, and is made in various thicknesses from 
i of an inch upwards, and of suitable widths for 
ordinary walls. One form is made of two layer) 
of bitumen with a thin shetfl of “ laminated 
lead ” between. Sheet lead is sonietimes used 
as a damp course bedded in and covered by a 
layer of cement. One of the most usual forms, 
and a very economical and serviceable one, 
consists of two layers of good, impervious rooting 
slates laid on and between Cc*ment beds, and so 
placed that the joints in one course of slate break 
joint with the other course. Any of these are 
reliable, but care should be taken after they are 
laid to protect them till they are covered with 
brickwork. A mixture of tar and sand is some- 
times used, but is liable to soften and squeeze 
out if the w:all is exposed to sunshine even in 
this climate. Felt is quite unreliable as a damp 
course ; after a time, if constantly subjected to 
the action of moisture, it is likely to perish. 

Floora Below the Ground Level. 
It not infrequently happens that it is necessary 
to place the lowest floor of a building below the 
level of the ground surrounding it. When this has 
to be done the best course is to provide outside 
the wall an open area 3 ft. wide or more if 
possible [77], so that the wall is nowhere in 
fbitact with the surrounding earth. The level 
of the floor of this area must be taken down 
lufficiently low to bring it below the level of the 
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damp course. But in many cases circumstances 
do not permit of this treatment, and some other 
means must be adopted. 

A dry area [75] is sometimes formed by 
building a tliin outer wall 4 in. or more from the 
main wall ; the bottom is carried down below 
the level of the damp course, and provided with 
a channel or drain to dispose of any moisture 
that soaks in through the outer wall ; the top 
is covered with stone slabs or brick arching, 
and openings are left at intervals to provide 
ventilation to the space between the two walls. 
The outer wall may absorb moisture from the 
soil and become wet, but the damp cannot pass 
directly to the inner wall ; such a narrow area 
is difficult of access, and not entirely satisfactory. 
Where no open or dry area can bo formed, a 
damp course placed above the ground level, 
though it will keep the walls above dry, will not 
protect the lower part of the walls, and in such 
a case there must ,^ a second damp course below 
the flooi^Llevel, and provision must also be made 
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tor preventing moisture soaking into the wall 
between these levels. 

Vertical Damp Course. A vertical 
damp course may be formed by covering, or 
renderiv^^ the outer face of the wall with a layer 
of Portland cement and sand about an inch 
thick, or covering it with asphalt, which is best 
put on in two rather thin coats, say J in. each. 
A better plan still i.s to provide such a layer of 
asphalt in the thickness of the wall, where it 
forms a vertical damp course and is secure from 
any damage or interference [75Ji- This involves 
a straight joint in the thickness of the wall ; 
but the disadvantages of this may be obviated 
by the use of bonding irons or ties to bind the 
two thicknesses together. The best method 
is to build one part of the wall first, building in 
the iron ties, wnich are galvanised, at intervals 
of 1 ft. 6 in. in every fourth course ; the face 
of the wall is then covered with asphalt, leav- 
ing the outer end of the irons protruding from 
the face, and these are built in to the othef 








thickness of the wall as it goes up. Such a 
wall is perfectly sound and entirely proof 
against damp, even in the case where the 
ground is actually waterlogged, and may be 
used in forming storage tanks for water. 

Another method is to build the two parts of 
this wall with a considerable cavity, say 1| 
or 2 in., and to fill in this cavity with such a 
material as hygienic rock, which is a damp- 
proof material somewhat similar to asphalt ; it 
is filled in hot into the cavity, and is impervious. 
If this be done the operation should be carried 
out at intervals of about four courses ; if the 
cavity bo allowed to become decjwr than this 
before it is filled in, there is some risk of air 
bubbles being formed in the material, which 
may then fail to keep out moisture. 

Hollow Walls. For buildings of a 
small class, walls of one brick thick are allowed 
by law and arc sufficiently strong ; but they 
are not thick enough in an exposed situation 
to keep out wet if accompanied by driving wind. 
In some situations even a brick -and-a-half 
wall built in cement will hardly do so. For 
such positions hollow walls are frequently 
employed ; these are formed throughout their 
height of two walls of brickwork, between which 
is a cavity varying from IJ in. to ^ in. [79]. 
In some rural districts walls arc permitted to 
be built 9 in. thick in this way, the bricks being 
used on edge instead of flat, and built as Flemisli 
bond, the headers forming the tie between the 
inner and outer skins of brick. Such a wall 
is ugly in apx)earance, but would be liktdy to 
resist the weather better than an ordinary 
one- brick wall. As a rule, such a wall would 
not bo allowed in any urban district, certainly 
not in lx)ndon, and is, in any case, only suitable 
for work of no great height and requiring no 
great strength. As a rule, a hollow wall is 
built with an inner thickness of at least one bric^k 
and an outer thickness of at least a half brick, 
and the two are bonded together at regular 
intervals some special form of tie. 

Wall lias. These may be of glazed terra- 
cotta f79] or glazed earthenware, and are of 
such a form that the inner end is built 4J in. 
into the inner wall, corre.sponding in height 
with an ordinary brick course, while the outer 
end is built into the outer wall at a level one 
course lower down. This form is adopted 
to ensure that, if any water should be driven 
through the outer thickness and reach the 
bonding brick, it shall be throwm back against 
the outer wall and not reach the inner one. 
The outer end, if it be built into a half- brick 
wall, is made only 2^ in. long, and will liave a 
quarter-bat in front of it to correspond with 
the wall facing. A cheaper and more usual 
form of tie is made of galvanised iron, cast 
or Wrought ; the latter are the better. They 
are made with fangs at each end for building 
into the two walls, and the part corresponding 
to the hollow space is formed with a dip or 
twist to ensure that any water will drop from 
it and not pass across the tie to the inner wall. 

Conntructiag the Hollow Wall. 
Buoh a hollow wall should start from the level 
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ot ttio damp course or below it ana extend above 
the top ceiling. A channel should be provided 
at the bottom to carry off any water collecting in 
the hollow [74], and great care must bo exercised 
to sec that in building the walls the mortar is 
not allowed to drop into and choke this channel 
or to lodge upon the ties ; it is best to have 
opt'nings in the outer wall at intervals at the 
level of the channel so that it may have any 
such mortar droppings removed on the com- 
pletion of the wall. 

Air BricKs. Ventilation must lie pro- 
vided to this space by means of air bricks built 
at intervals into the outer wall near the bottom 
of it and also near the top ; these are. usually 
9 in. by 3 in., or 9 in. by 6 in., and may Ix) 
m ideof brick earth, with a series of perforations 
pvssing right through, to allow of the ])assagc of 
air, or they may bo of cast iron. In the latter 
case they consist of a cast iron box of the 
thickness of half a brick, with an external 
plate of iron perforated to admit air |80 and 81]. 

Openings in Hollow Walls. When 
openings for doors or windows occur in such a 
hollow wall, the hollow space may be stopped 
at the jamb with narrow slates set in cement ; 
wherever the heads of timber frames or wood 
or concrete lintels run across the Jiollow, fJie 
upper surface must be protected by a small 
gutter of lead or zinc turned ftito a joint in the 
outer wall and long enough to project beyond 
both ends of the member to ho prut(?ctcd. so 
that any water may be discharged into the hollow 
space clear of any timber [86]. 

Upper Part of a Wall. In construct- 
ing a wall, the outer face is generally a perpen- 
dicular one, and is built throughout in a single 
plane, but there are likely to he, at certain 
jxunis, various dc'parturcs from this ])lanc fac e. 
In the first place, just above the ground level, 
the face of this wall is sometimes set back, not by 
mcam of an offset, but by means of a moulded 
or sj)lay ed surface. Such a projection at the* base 
of lli(^ wall is termed a plinth, and in a brick wall 
is ii.sually 2} in. or-tj in., but sometimes inueb 
more. This moulded face may he of bricjk, or of 
stone, or terra-cotta [13, page 24od ; and 70, page 
25971, and, in any case, is built into the wall as 
the work goes up ; if stone or terra-cotta be 
used, the course must be arrange d to bond with 
the brickwork, as already described. 

Forming String Courses. At higher 
points in the wall, bands of mouldings, termed 
string courses, may be built in so as to project 
beyond the face of the wall, and maj? be of brick, 
stone, or terra-cotta, arrang d so as to bond 
with the brickwork. In addition, it usually 
happens that the upp^r surface of such p- string 
course, if it be of brick, will bo horizontal, and 
as there will be many joints, water is liktdy to lie 
in the top and find its way in. To obviate this, 
either the top is covered by a strip of lead, 
turned up against the wall alovc and into a 
brick joint, or the surface is covered with a layer 
of Portland cement mixed with sand, the upper 
surface of which is inclined, or weatherrdf so ^ 
to throw any water away from the wall ; this 
is termed a weather fillel [87]. Any horizontal 
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upper surface of brickwork that has to be formed 
should be so protected. 

Corbelling. It may often happen that 
it is desired to project a portion of the upper 
part of a wall beyond the lower so that its face 
overhangs the lower part of the wall — e.f/., such 
a projection is often formed to provide the extra 
thickness required to form the fireplace and flues 
of an upper storey. This may be done in brick- 
work by cxirbelling ot oversailing [88], ^hich con- 
sists in projecting successive courses of bricjk- 
work so that the face of each slightly overhangs 
the face of the course below — exactly reversing 
the arrangements of footings. No r ingle course 
should project more than 2] in. beyond the 
course below it, and for many purposes a pro- 
jection of IJ in. is more satisfactcry. In the 
former case, four courses, and in the latter eight 
courses, will give a projection of 9 in. 


In cases where the upper p«art of a wall is to 
be rough cast or hung with tiles, the lower part 
of this wall is usually finished with two or more 
courses of corbelling so as to throw out the lower 
edge of the tiling or rough cast [88]. Such a 
corbel course may be formed of plain or moulded 
bricks, or of a mixture of plain and moulded 
bricks. Where each course projects in., it is 
desirable to use header bond, but with a projec- 
tion of IJ in. stretcher courses may be used. 

Cornices. Sometimes at or near the top 
of a wall a large and elaborate group of 
mouldings is corbelled out from its face, and 
in this position the t<.»rm cornice is given to 
such a feature, which is an architectural enrich- 
ment, and not essential to the structure [87]. 
Such a cornice may be formed of brick, and will 
include courses of plain as well as moulded, and 
very possibly enriched bricks. When formed of 
such small material, great care is required in 
putting together such a cornice, the corbelling 
out of which must be carefully done. The upper 
surface must be protected by leadw'ork or 
cement, and the wall is often carried up beyond 
the top of the comico, forming a blocking course, 
to counteract the tendency of such a feature to 
overbalance. Any cornice of brick must be 
designed to be of only a moderate projection, 
and cannot overhang to the extent that is 
possible with one formed of long stones. 

Prot^ctln^ the Top of a Wall. 
The top of any wall requires some special care 
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to ensure that water shall not lie upon it and 
soak into it. In some buildings the top of the 
wall is completely covered by the roof which 
overhangs it, and so far as protecting the wall is 
concerned, no better plan is possible. But in 
towns such an overhanging roof is often not 
permissible, and the roof must finish behind the 
wall, or, if it covers part of the wall, a thickness 
equal to one brick at least, is carried up, and is 
termed a parapet [ 16, page 2457]. In either case 
the top must be protected so that rain falling upon 
it will not soak in. An inexpensive and effectual 
method is by forming a tile creasing at the top. 
This consists of laying on the upper surface of 
the wall two or more layers of hard, impervious 
roofing tiles so as to overhang both fiu;es of the 
wall. These are laid in cement, so as to break 
joint, and, in fact, form a damp course at the 
top of the wall ; they are usually finished by a 


course of plain or bull-nose or half-round bricks 
set on edge and built in cement. Such a course 
of bricks forming the termination of a wall is 
termed a coping course. 

Special Copings. For rather bettor work 
brick or tcrra-cetta copings of special design 
[17, page 2457] are made in large blocks so as to 
reduce the number of joints, and so as to over- 
hang loth faces of the wall, and a hollow should 
be formed in the under surface of such a coping 
block on both sides of the wall, so that any 
water running from the upper surface shall drip 
from the edge of the coping and fall clear of 
the wall, and not drip down the face of it ; such 
a hollow is called a throat. 

Copings are mtidc in a great variety of forms 
and widths to suit different styles of architec- 
tural treatment and individual tastes. In some 
the water is thrown off one edge of this coping, 
which is then styled a weathered copying ; or, if 
a plain surface be formed to throw the water off 
both edges, it is termed a saMle-hack coping, 
and others are termed moulded copings. 

Finish to Ramps and Sloping Sur- 
faces. A curved surface forming the top of a 
wall in such a feature as a ramp must have the 
bricks cut to the required form, but is usually 
finished with a coping of brick on edge which, 
if the curves are sharp, must be axed. This is 
to avoid finishing the top of a wall with small 
pieces of cut brick, whicli would easily bo dis- 
placed, and the cut surfaces of which would be 
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p&rtioularly liable to absorb moisture. Where the 
width of an external feature, such as a chimney 
stack, requires to be reduced, simple offsets are 
both ugly and unsuitable, and such reductions 
may be made by forming a double slope across 
the thickness of the wall with a small gable 
covered with tiling or a coping, or by a single 
slope finished by what is deBoribed as tumbling; 
this consists of a series of brick courses set at 
right angles to the slope, and the lower surfaces 
cut to tit on to a horizontal l)ed, the object beinsr, 
as in the case of a ramp, to show only whole bricks 
on the exposed surface. 

Effect of Heat on Brickwork. If 
brickwork he executed in very dry or hot weather 
the bricks themselves will be dry ; if laid in this 
condition they arc likely to absorb the water 
from the mortar to such an extent as to interfere 
with the action of setting, and at such times the 
bricks should be well wetk^.d l^efore use. This 
is best done with a hose before they are carried 
to the scaffold. • 

Effect of Frost on Brickwork. 
Brickwork in mortar should not be executed 
during the prevalence of frosty weather, the 
danger being that the water in the mortar will 
bo hahle to freeze. In Norway it is hold that 
with duo precautions brickwork may be safely 
carried on when the thermometer stands at 
H'" to 18° F., and even when it is as low as 
0° F,, but that it ceases to be economical 
when the temperature is below about 14° 

At these temperatures work is executed with 
mortar mixed with quite fr^^^shly-slaked lime 
made in small quantities and used wliile still 
hot, and the proportion of lime is increased as 
the temperature becomes lower, so that setting 
may take place before freezing. The bricks must 
be quite dry when used. Bricks exposed to rain 
or frost must not bo employed, and after any 
temporary stoppage of work the top of any 
piece of brickwork must bo cleared of any ic(» 
or snow before work proc 'eds. When the frost 
is not severe, work may usually bo carried on 
in oases whore a quick- sotting cement is used. 

The top of a wall may be protected during 
frosty weather by covering it with felt or sacks 
and Doards ; the mortar joints may be affected 
for some little distance into the wall, and must 
bo then raked out and pointed, but if the 
damage extends far into the wall the only remedy 
is to take down and reinstate the work. 

Finishing Mortar Joints. The mortar 
joints on the face of the wall may be finished in 
various ways, but they are rarely left just as 
they are formed in laying the bricks. If the 
surface of the wall is to be plastered or rendered 
[98], the mortar in both horizontal and vertical 
joints is raked out for a depth of about f in. : 
this is to give a bettor hold or key to the plaster. 
If the face of the wall is to remain exposed, the 
joints are carefully finished, and this process 
greatly improves the appearanoa of the brickwork. 
If the weather be suitable, this may be executed 
as the work proceeds, and the joints are then 
Bald to be struck [90] ; if the work is of such 
a nature that it can he completed in this way 
without leiur of frost, it gives good results. 


Wher3 fros's may be expected to occur before 
the walling is complete, it is usual to rake out 
the joints to a depth of about J in. as the wall 
is built, and to finish the whole face of the wall 
when completed, and this process is termed 
poirUing [92] ; it involves reinstating the stages 
on the scaifold to carry out the work better 
than is necessary for merely making good the 
putlog holes, and the work must be w<5]l wetted 
before pointing. In the ease of old walls, in 
which the mortar joints show signs of decay on 
the surface, this method is always employed. 

The actual finish of the face may bo made in 
a variety of ways, and many of these may be 
used whether the joints are struck or pointed. 
The joints are actually formed with the trowel. 
A special small trowel is sometimes used, and 
a long straight-edge. 

Flat, or Flush Joints. Flat, or ffwsh 
joints [94] are those in which the mortar is 
flush with the face of the wall and vertical ; 
this is sometimes varied by leaving a line drawn 
along the centre of the joints by means of an 
iron joint 'r. 

Struck Joints. Struck joints [90] are 
formed with an inclined facc^ ; the lowvr odgt* 
is flush with the brick below and is struck with 
the trowel and straight-edge ; the tipper odg<^ is 
pressed back so that any wate dripping from 
the brick above will be thrown off by this 
surfacii on to the face of the brick below j this 
form of joint is sometimes described as a 
weathered joint. 

Keyed joints [91] are formed by drawing a 
rounded iron along ihti centre of a flush joint, 
giving it a hollow st'ction. 

A recessed joint [95] is formed by sotting back . 
the face of tlut mortar behind the fage of the 
brick : but this is not so good a protection to 
the wall as a wiN'itlun’ed joint. 

Tvek pointing [96] is generally used to con- 
ceal the defects of inferior work. Tlie joint is 
filled flush with mortar ; the wall is then rublx^d 
down with a soft brick, so that the bricks and 
mortar are of a uniform colour, or a wash of 
ochre is sometimes applied ; finally, a fine line 
of white putty is worked on to the ci*ntrc of the 
surface of the joint, so as to give tlui appearance 
of gauged work. 

Forming Toothings. If for any reason 
a cross-wall cannot be built at the same time as 
the main wall from which it starts, a toothing is 
formed in the main wall — z.e.,.in every alternate 
cour.se a roccss the full width of the cross -wall and 


in. deep is formed by building in the closers 
used to bind the cross- wall only. This allows of 
the cross-wall being propt^rly bonded to the main 
wall when it is built, but unless the walls are built 
in cement the main wall will have settled down 
slightly bcjfore the cross- wall is civcted, and 
this, too, when built will in time settle down also, 
and a fracture at the joint may result. 

If a new wall has to be bonded loan old one 
it is usual to cut out toothings the full thickness 
of the new wall thr^o or four cour.-^es high, and 


penetrating 4j inches into the old wall, and to 
build the new work into thenh 

R. ELSEY SMITH 
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How Wild Life Has Been Distributed 
over the World from the Earliest Ages 

GEOGRAPHY OF THE ANIMAL WORLD 


T here is probably no branch of natural his- 
tory about which so little information is 
given in popular works as that which dis- 
cusses, and very largely explains, the causes of 
tke varied and apparently erratic distribution 
of animals. Yet there is none which is so 
puzzling or so interesting. This is partly due 
to the fact that the comi)lete explanation is not 
only fundamentally based upon the laws of 
evolution, but that it requires also a frequent 
reference to the facts of geology, and to recent 
discoveries in physictal geography. 

Darwin laid the foundations of the study by 
his observations and deductions as to the total 
absence of both mammalia and amphibia froiti 
oceanic islands, and by his extensive experi- 
ments and observations on the modes of dispersal 
of organisms ; and it is only by combining these 
sources of recent knowhulge with information 
regarding the nature of deep-sea deposits that 
an intelligible view has been attained. 

First lot us state briefly some of the curious 
facts and apparent anomalies that have to be 
ex])lained. VVliy, for example, arc camels found 
only in the great desert- belt of North Africa and 
(^-entral Asia, and their nearest allies, the llamas 
and alpacas, only in the southern Andes ? 

Curiosities of Afiimal Distribution. 

The old idea that animals are found where 
the conditions are suitable is disj)roved by the 
fact that the entire horse tribe is now limited, 
in a wild state, to Africa and Asia, but when 
introduced into both North and South America 
by the Spanish conquerors they ran wild and 
increased enormously. Most extraordinary is 
the case of the curious ta{)ir.s, of which two or 
three species arc found in tropical America, and 
the only other species — the Malayan tapir — in 
Borneo and the Malay Peninsula. Among birds 
we have the humming-birds sw'arming all over 
America, but in no other part of the world. The 
equally wonderful birds of paradise, of which 
about fifty different species are now known, are 
found only in New (Juinea and a few adjacent 
islands. Lastly, we have the great mammalian 
order of Marsupials, limited to Australia and the 
adjacent islands, except that one family, the 
opossums, abounds in South America and as far 
north as California and Virginia. 

We may also look at these differences from 
another point of view — that of the similarity of 
the animals in countries far apart, and the diver- 
sity that is often found between those which are 
comparatively near together. 

If a person travels from England to Japan or 
the Amur, he will have gone very nearly half 
round the globe to find in the forms of life a 
wonderful similaiity to those of his native land. 


But if a settler in Australia goes to New Zea 
land, a distance of about 1300 miles, he fiiuh 
himself in a country zoologically and botanically 
entirely unlike the country he has left. 

Even more remarkable is the case of two 
small islands, Bali and Lombok, in the Malay 
Archipelago, only fifteen miles apart, yet 
strangely dilferont in their productions. Their 
birds differ more than do those of Britain and 
Japan. Again, the great island of Borneo is 
much more like Sumatra and the Malay Peninsula, 
both in its mammals and birds, than is the much 
nearer island of Celebes, whoso productions are 
more nearly allied to those of India or Africa. 

Now, these and most of the other peculiarities 
in the distribution of animals are either directly 
explained or rendered intelligible by the applica- 
tion of general principles, anti 1 therefore proy)oso 
now to ex|>lain the nature of those principles. 

Permanence of Oceanic and Conti- 
nental Areas. T begin with what is ptThayis 
the most fundamental and far-reaching of the 
phenomena on which the inter|)retatioii of the 
existing distribution of plants and animals 
<le]Hmds, the true ituj>ortance of which was first 
perceived by Darwin. 

Before the “ Origin of S[)ecies ” aj)))eared, 
the comnioii bt^lief was that almost, all the islands 
scattered over the great o(;oans were the rem- 
nants of former eontiiumts which had sunk 
beneath the wati;rs, wliile our existing conti- 
nents rose u}> to take their place. This view was 
a(;cef)ted almost as a matter of course, and 
scciiuhI, at first/ sight, tf) be quilt? in accordance 
with Die fact that most of the older rocks in 
all yiarts of the world wore of marine origin. 
But, during the voyage of the “ Beagle,” Darwin 
was able to visit many of these islands, and he 
was struck by the poverty of tht'ir forms of life. 
He also noticed that all of them were either 
voltjanic or of coral nature, and they never 
contained any of the stiatilied rocks cha- 
racU?ristic of tsontinents and of islands that have 
once formed jiarts of them. He therefore con- 
cluded that they had all been formed in the ocean 
itself, though some of thorn appearetl to be very 
ancient ; and the total absence of native land 
mammals could thus be easily explained, as these 
animals, though often good swimmers, could 
never cross wide seas or oceans. Ho further 
showed by experiment that the eggs of batra- 
chians (frogs, newts, and the like?), which wtMc 
also wanting, were quickly killed by salt Avater. 

8ome years later, when electric cables begiin to 
bo laid across the oceans in various ilirections, 
and when the voyage of the “ t^hullenger ” showed 
us the contour of tlie ocean floor and the nature 
of its deposits, a striking confirmation of Dar- 
win’s views was obtained. For it was then 
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shown that the, fl<^r of the great oceans did not 
form hills and valleys and mountain ranges, as 
had often been assumed, but was really an 
enormous, slightly undulating plain at a depth 
of from ten to thirty thousand feet, out of which 
plain the continents and islands usually rose 
abruptly, so that the 100-fathom line clasely 
approached their shores, and oven the 1000- 
fathom line only left a narrow belt around them, 
in no way altering their general outline. 

Existing Continents and their Pro* 
bable Extensions. If we look at a globe or 
a map of the world in hemispheres, and consider 
the position of the continents and larger land 
masses, we find that they, even at the present 
time, are wonderfully connected ; that it would 
be actually possible for a man to traverse the 
whole of the continents, starting from Gape 
Horn, without ever going out of sight of land 
or requiring any other vessel than a small open 
sailing-boat. If we now look at a map showing 
the 1000-fathom line around all the continents, 
and taking this as roughly indicating the amount 
of extension of the land during the whole Ter- 
tiary period of geology, we shall find all the 
continents united towards the north by wide 
stretches of land, olTering ample facilities for the 
migrations of land animals at successive epochs. 

Warmer Climates in Past Geological 
Periods. But there is another consideration 
which is continually left out of account by those 
who still claim direct land connections to ac- 
count for real or supposed affinities of the extinct 
animals of South America and South Africa, and 
that is the much warmer climate that prevailed 
in northern and Arctic regions throughout Ter- 
tiary times, and even very much earlier. 

This is proved by abundant remains of fossil 
plants found in Miocene strata all round and 
within the Arctic Circle, and of such a character 
as now grow a long Avay further south. On the 
west coast of Greenland, in 70° N., are beautifully 
preserved specimens of such trees as chestnuts, 
sas^fras, oaks, planes, hooches, plums, vines, and 
oven a magnolia, all closely resembling trees and 
shrubs which now grow 20° or 30 ° farther south 
in North America. Even so far north as Spitz- 
. bergen, one of the most barren and most inhos- 
pitable regions on the globe, a rich fossil flora 
has been found, indicating a climate fully as mild 
as that of the warmer parts of Canada at the 
present time, comprising such familiar plants as 
hazel, ash, and walnut, with water-lilies and an 
iris. As there was probably continuous land 
between Europe, America, and Asia, at least as 
low as the latitude of Stockholm, while the land 
a little further south had a warm temperate 
climate, it became possible for every kind of 
mammal of the temperate zones and many of the 
tropics to pass from continent to continent. 

Power of Dispersal of Animals. The 

distribution of animals, of course, depends 
in part upon their individual powers of loco- 
! motion, but this is by no means the only factor of 
* importance in determining their actual habita- 
! tions, and is olten entirely neutralised by other 
1 causes. In mof t continents, and in many of the 
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larger countries qr islands, biitk exhibit a very 
similar restricted range to mammals, notwith- 
standing their venr superior powers of locomo- 
tion. Reptiles also exhibit little difference 
in this respect, except that they are more de- 
pendent on temperature, and b^ome scarce in 
temperate and almost absent from very cold 
countries. The amphibia — frogs, toads, newts, 
salamanders — are in some respects more re- 
stricted than reptiles in their ranges, and more 
extended in others. This is due to the fact that 
they can withstand a lower temperature, their 
eggs being often frozen without injury, but, on 
the other hand, they are killed by salt water, 
and this explains the interesting fact that they, 
as well as mammals, are wholly absent from all 
true oceanic islands. 

Floating Trees as Distributors. This 
class of islands may bo defined as being situated 
in the great oceans far from any extensive land 
masses, and being surrounded by depths of more 
than a thousand fathoms. All such islands are 
entirely without any of the older stratified rocks, 
and consist either of volcanic rocks or of coral 
formations which have been deposited upon 
them. Such arc the Azores, Madeira, St. Helena, 
Mauritius, and all the remoter islands of the 
Pacific Ocean, none of which possesses either 
mammalia or frogs, and the mozb remote from 
land no reptiles nor fresh-water fishes. These 
are entirely absent from the Azores and St. 
Helena, while the Sandwich Islands possess two 
lizards — one very widespread over the whole 
western Pacific, and therefore presumably con- 
veyed accidentally in canoes ; the other a pe- 
culiar gecko, whose ancestors were probably 
introduced at some remote epoch by exception- 
ally favourable circumstances, such as large 
floating trees from more we8t«*ly islands. 

Within the tropics especially, masses of trees 
and floating vegetation are often carried out to 
sea, and under* favourable conditions may be 
driven by winds and currents for many hundreds 
or even thousands of miles, and carry with them 
small lizards or their eggs, insects, and land 
shells. These latter often hide in crevices or 
under bark, while some snails, when dormant, will 
stand immersion in salt water for twenty days 
without injury. We thus see an oxplanat^n of 
the curious fact that in the remotest islands, 
oven when every kind of vertebrate except birds 
is absent, a few land shells and terrestrial insects, 
especially beetles, are always to be found. 

500 Kinds of Shells. But the more 
remote the island, and the rarer the chances that 
bring these later creatures to it, the more 
]gqcmiar we find the existing sp^es to be. Thus, 
in the very remote Sandwich l^ands, with their 
rich vegetation and favourable climate, there are 
about 500 different kinds of land shells, almost 
the whole of which are peculiar species ,* and the 
moderately rich insect fauna is equally peculiar. 
In the Azores, however, which are less remote 
from the nearest continent, and much more 
subject to violent storms — bringing numerous 
birds which are both seed and sheU carriers— 
shells and insects are less numerous, and a much 
larger proportion belong to European forms. 



The Distribution of Tapirs. One of 

the most prominent of the puzzles of distribution 
to the earlier naturalists was that of the tapirs, 
the two commonest species of which inhabit 
tropical South America from Brazil to Paraguay, 
and the Malay Peninsula, Sumatra, and Borneo. 
Three other species also inliabit tropical 
America, one in the high Andes and two in Central 
Anierica from Panama to Mexico, but none is 
found either in Africa or continental India. 

But the course of geological discovery during 
the nineteenth century cornpletidy explained 
this apparent anomaly. First, in 1825, Cuvier 
d^cribed the skeleton of the Palicotherium from 
the early Tertiary beds of Paris as bt'ing allied 
to the living ta].)irs ; and later, both in iVancto 
and Germany, the remains of true tapirs were 
found in the middle Tertiary (Miocene) and late 
Tertiary (Pliocene) strata, both in France and 
England, and fossil ta[)irs have been found in 
China, and in America from Carolina to (California. 
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and of no other parts of tho world. But in tlio 
Andes and tenn)erate plains of South America 
is a group of small animals — the llamas, alpacas, 
and guanacos — which in all essentials of structure, 
oven to tho poe\iliar complex stomach adapted 
for water-storage, belong to tho camel tribe. 
These two allied groups are, thoroforo, now almost 
as remote from each other as are the American 
and Malayan tapirs, with no allies whatever 
in intervening regions. JUit here, too, geology 
has fumishetl the solution. First, in the late 
Tertiary deposits of the Siwalik hills of North- 
west India remains of true camels have been 
found ; and a wonderful s(*rios of fossils has been 
discovered in North America, in late, middle, 
and early Tertiary strata, by which tho whole 
gradual develof)nient of (ianaOs from a smaller 
and more primitive type has been exhibited 
with a r(‘markable consist (‘ney. 

The same strata have shown us early forms 
combining the characters of all the hoofed 
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The present distrU)uti()n of tlie tapir shows' that it must liave passed on l>y land tlmt was continuous, no 
doubt by way of Australia, between the Western and the Eastern worlds. 


Now, always keeping in mind the extreme 
imf)erfoction of the geological record, these 
discoveries clearly indicate that many species of 
tapirs inhabited warm and temperate Asia, 
Europe, and North America in middle and late 
Tertiary times. But during these epochs warm 
and even sub-tropical conditions prevailed in the 
Northern hemisphere as far as the Arctic (circle, 
accompanied by an abundant and luxuriant 
vegetation ; and we have also seen that these 
conditions were probably brought about, ' in 
part, by a greater extension of land in the North 
Atlantic, {Emitting of more or less easy com- 
munication between the Eastern and Western 
hemispheres. The problem of the tapirs is 
therefore completely solved. 

DiaperRal of the Camel Tribe. The 
case of tho camel is perhaps even more intor- 
^ting than that of the tapirs, which it somewhat 
resembles. Camels are now inhabitants of the 
desert regions of Western Asia and North Africa, 


animals, from th(i swine and the hippopotamus 
to canids, cattle, deer, shec]), and antelopes, 
gradually becoming specialised into those varied 
forms. It is therefore clear that in all pro- 
bability tho camel and llama tribes originated in 
tho Central United States, where, towards tho 
end of the Tertiary period, tliey became extinct. 
Previous to this catastrophe, however, some of 
the true camels migrated to the Eastern hemi- 
sphere, probably by tho way of continuous land 
in the North Pacific, and have loft as their 
survivors the camel and dromedary in tho 
highlands and deserts of Asia. 

About tho same time, and probably driven to 
migrate by the same a<lverso conditions which 
led to tho extinction of so many of their allies, 
the llama group passed southwards along the 
central mountain ranges into South America, 
where they have found suitable conditions 
for their survival south of the Equator, in the 
high Andes, and on the arid plains of Patagonia. 
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The Spread of the Horae Tribe* The 

horses, asses, and zebrhs constitute a distinct 
and very remarkable tribe of mammals, being 
the only members of that great class which 
possess a single functional toe on all four feet. 
These animaw are now strictly limited in a wild 
state to Africa and Western Asia, though in 
quite recent times they ranged over Europe 
and the British Islands ; and many allied 
groups are found in still earlier times, back to 
the early Tertiary, showing the gradual trans- 
formation of a four-toed animal of small size, 
step by step, into the true one-toed horse. 

But, what is more curious still, a similar 
and even more complete series of ancestral 
forms existed in North America, where the true 
horse was also developed, its fossilised remains 
being found over both North and South America 
nearly up to the Glacial period. Then suddenly 
all became extinct. But after the great Ice Ago 
had gone, with the many changes of animal 
life that accompanied it, the two continents 
again became well adapted to horse life. 

It is curious that the series of these ancestral 
horses runs almost parallel in America and 
Europe, though the species are not exactly the 
same ; and this seems to imply that the North 
Atlantic land connection existed for a long 
period, and that inter-communication from 
America to Europe and from Europe to America 
frequently occurred, ft is, in fact, difficult to 
toll in which continent the true horses now 
living actually originated. In both there was an 
animal about the s^o of a fox, which seems 
to be the earliest direct ancestor of the modern 
horses and asses. This intermingling of the 
ancestral forms of a group so well adapted for 
migration, both in structure and habits, renders 
it certain that such connecting lands and such 
mild climates as are indicated by other evidence 
really e.v4stod throughout a considerable part 
of the Tertiary period. 

Elephants and Their Ancestors, The 

elephants are of special interest, for two reasons. 
Their distribution in middle and late Tertiary 
times was very similar to that of the horses, 
and they disappeared from America, Eurojje, 
,and Northern Asia at as late, or even later, a 
period, and with equal suddenness. The huge 
mammoth, with its enormous curved tusks, 
lived in Northern Europe and Asia, as well 
as in North America, down to the human 
pt^riod. Many other species are of late Tertiary 
date, and died out a little earlier ; and among 
these were some curious pigmy elephants from 
three to five feet high, whose remains are found 
in the caves of^alta and Cvprus. 

None of these numerous forms gives any clue 
to the early stages of the elephant tyj^e so 
strikingly different from all other mammalia. 
But remarkable discoveries have now been 
made in the early Tertiary beds of the Fayum 
valley, in Middle Egypt, of an interesting group 
of fo^ils of mammals which are believed to be 
the ancestral forms of the entire elephant tribe. 
Tjlie earliest of these is an animal not very 
diff^nt Irom the ancestral swine and tapirs, 
biit of' very sm'^ comparative Aize, 


The Divialon of tho Globe into Zoo* 
logical Regiona, In order to describe and 
compare the Retribution of the various species, 
genera, and families of animals, it has been 
Found necessary to mark out a eitrtain number 
of oxtemsive areas characterised by distinctive 
forms of animal life. The older naturalists 
usually adopted the great geographical and 
racial divisions — Europe, Asia, Africa, America 
(North and South), and Australia ; or the still 
broader Arctic, temperate, and tropical regions. 
They also used the general term “ India or the 
Indies ” for all Eastern tropical lands, sometimes 
including all the tropics, as in our still commop 
but misleading term “ West Indies.” 

The first thoroughly scientific attempt to 
establish a series of regions that should accurately 
summarise the main facts for any extensive 
class of animals was made by Dr. P. L. Sclater. 
in 1857, for the class of birds, at that time, 
as it is now, probably the best known of all tho 
more extensive groups of animals. He was the 
first to point out that Europe and Asia do not 
correspond to })rimary divisions of animal life, 
as shown by the striking similarity and 
considerable identity of both the birds and 
mammals ' across the whole of Europe and 
temperate Asia. 

Groups Irrespective of Continents. 

This formed his first great region, which he 
termed tho “ Palajarctic,” as including all 
Old World northern lands. Then came the 
tropical portion of Asia, which possessed hosts 
of altogether peculiar species, genera, and whole 
families of birds not known in tho temperate 
zone. This ho termed tho “ Indian Regioii,” 
because India, in a wide sense, formed the 
bulk of it. This term, in my “ Geographical 
Distribution of Animals,” I altered to ” Oriental 
Region ” — perhaps unnecessarily — because it 
included Burma< Siam, and all the great Malay 
islands, and this name has been widely adopted. 

It may be mentioned that tho Pahearctic 
Region also included North Africa as far as the 
Sahara, all its chief productions, both animals 
and plants, being closely allied to those of 
Europe or Western Asia. The remainder of 
Africa, possessing a large proportion of peculiar 
types, and being thoroughly isolated from 
the rest of the world, constituted the “ Ethiopian 
Region.” The fourth was the “ Australian 
Region,” perfectly characterised by its very 
j)eculiar marsupial mammals, as well as an 
immense number of peculiar genera, and of 
several remarkable families oF birds. The 
eastern half of the Malay Ar^ipelago belongs 
to it, as do also New Zealand and most of the 
Pacific islands. Then, came South America, 
including the West Indies anilr, Central America 
as far as Mexico, forming the ** Neotropical 
Region,” because it. included the whole tropics 
of the New World. Temperate and Arctic 
North America constitute the “ N^i^rctio Region ” 
of Dr. Sclater. It has relations with both the 
Neotropical and Palasarctic r^ons, but has 
sufficient special features to be kept distinct. 

ALFRED BUSSED WALLACE 
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The Laws of Electric Heating. Calculation of Heat Radiation. 
Electric Radiators. Electricity In the Kitchen. Electric Cooking. 

ELECTRIC HEATING 


A S has been pointed out in the course of those 
chapters, Avhcnevcr an electric current is 
forced through an impCT*fect conductor — that is, 
through a conductor which offers a resistance to 
the flow of electricity — the energy expended on 
forcing the current through the (conductor is 
transmuted into heat. The conductor, in fact, 
is warmed or heated by the current that passes 
through it, the energy of the current being 
more or less frittered away, as by a sort of in- 
ternal friction, according to the resistance of 
the conductor. 

Simple Experiments on Electric 
Heating. Every glow lamp gives an example 
of the heating of a conductor (the filament 
inside the lamp bulb) by the passage of a current 
through it. Whenevc^r any wire is too thin 
properly to carry the current that is transmitted 
through it, that wire becomes hot, even red- 
hot if the cxirrent be strong enough, or it may 
even be melted. If water slight Iv acididated 
he placed in a U-tube and a current sent through 
it by means of a metallic rod inserted in the 
limbs of the tube, and joined to a battery or 
to a dynamo, the water is rapidly heatiMl. 

The greater the resistance of any (!onductor 
through which a given current is sent, th(» greater 
is the heating. Tliin wires resist more than 
thick wires of the same material. If, therefore, 
a chain is mtule in which the alternate links 
coasist of thin copper wire and thick cojiper wire, 
and a current is sent through the chain, the thin 
links will be found to heat up more than the 
thick ones. In this experiment the current 
should be gradually increased by the use of a few 
cells at first, and a largt^r numlMn* afterwards, 
until the thin links glow rod-hot, illustrating the 
])rinciple of the greater resistance of the worse 
conductor. Another variety of experiment is 
to make a chain of puHJes of equal thickness of 
copper wire and iron wire. As iron resists (for 
ail equal thickness and length) about six times 
as much as copper, the iron links will b<5 found 
to heat up red-hot as the current is increased, 
while the copper links remain cool. 

Laws of Electric Heating. The evolu- 
tion of heat in an electric resistance is governed 
by certain definite laws. They arc different 
according to whether we are dealing with a 
case in which the energy is supplied at a constant 
voltage or with one in which there is a giyen 
number of amperes of current. 

Calculation of Heat Radiation. The 
heat developed per second in a resistance varies 
inversely as the resistance. As heat is formed of 
energy, the rate at which heat is developed can 
be expressed in watts [see page 234]. The rule is 
that the number of watts produced in heating a 
resistance is proportional to the square of the 


voltage of the supply, and inversely proportional 
to the resistance of the conductor that is heated. 
Suppo.se, for exampl(\ that we have a conductor 
(of wire or carbon) the resist aiice of which is 
40 ohm.s, and it is supplied with curnuit at a 
voltage of l(Kt volt.s, then the heat energy will 
be radiate^l from it with a constant value of 
100 ■<’ KM) :- 40 ~ 250 watts. The current 
through the conductor will, of course, be 100 
-T- 40=r2*5 amperes. 

If we were to substitute a condu(4or of double 
the resistance, the amount of heat -radiation 
would he reduced to one half, or 125 watts. 
But if thi' electric, energy were su]>])lied at double 
the pressure, the heat-radiation in the 40-ohni 
condue.tor would be iiicreasi'd fourfold, for then 
we shoulfl have 200 x 200 40 - KKK) watts. 

In fae>t, the rule may bo put into symbols as : 

\V-V-' (1) 

where W is th(^ numhor of walls that are being 
dev'eloped, V the voltages of supply, ami R tlu^ 
number of ohms of resistance of the conductor. 

Another way of calculating the number of 
waits thus given out in heating is to calculate 
the current in amperes by Ohm's law [page (>27] 
and then to multiply this by the voltage, as : 

\V ‘ I < V (2) 

Yo' another way is to calculate the current, 
square the number of amperes so fouml, and then 
multiply the resist amte. Thus, in the aViove 
car-jc, where a ciirnait of 2*5 amperes was S(‘nt 
through a renslaiice of 40 ohms, wo may cal- 
culate as follows : 

2 '5 ■ 2*5 V 40 ^ 250 watts. 

In this law I he formula becomes : 

W - 1- < R, (3) 

Tn this last form the rule is known as Joule's 
laxv, in honour of Dr. Joule, who discovered 
that the heating effect in a given resistance 
is proporti iial to the s(|uare of the curnmt. 
But it is less useful in pre.sent calculations than 
the first rule, because the current is not a fixed 
quantity but depends on the re-sislanco used. 

Electric Radiators. Various methods 
of electric heating are now coming into domestic 
use. Fig. 222 shows the familiar lanq> ra^liator. 
This nuliator contains four large carbon filament 
lamps. These lamps are purposely mtwle to give 
out as little light and as much heat as possible, 
so that, if looked at from the light-giving stand- 
point, they are as bod as possible. They give 
alx)ut 15-20 c.p., and consume 250 watts, 
that a 200- volt lamp takes about I{ amj)erc.s, 
and four lamps take 1 K.W. 

Many undertakings supply energy for heating 
purposes at Id. per B.0.4.\ unit, which moans 
that four lamps can be kept alight for one^ hour 
for thi.s sum, or two lamps for two hours. Ihcse 
radiators give out part of their energy as 
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conductive heat for the lamp, and the frame strips. These wire coils are placed near the 

itself becomes to a certain extent warm, and so iron base, but separated from it by insulating 

directly warms the room, but the greater part is material. When the current is turned oni the 

radiant heat — hence the name. Radiant heat — resistance wire becomes hot first, and then 

like sunlight — gives the sensation of warmth communicates its heat to the iron. Many 

without heating the intervening medium. Glow- thousands of these self-contained irons are 

lamp radiators look and feel very <;heerful, and in and in laundries and factories they . 

if kept on a sufficiently long time they sensibly find an extended application, in many cases . 

raise the temperature of the room. It is usual entirely replacing gas. Soldering irons are made 

to allow one watt of electric x^ower per 1 cubic on the same x^rinciplo, and in a number of 

foot of space in the room. difficult cases these, too, have proved^satisfactory. 

Figs. 220 and 221 are typical of another class Electric Kettles. 1’he next development 
of radiators. These consist of coils of wire lies in the direction of internally heated cooking 

which are heated to utensils, where each 

low incandescence in ; 
air. Thc^ radiate heat , i-" 

ejertain appearance of ^ 

the^ air. The Bastian I^W *' jt 

radiator has the wire Hie heating element, 

the Belling fire has the : 3 ^Hp •' i ^^uund on mica for* 

wires wound ^on in- pkteed umler 

Another type of ra- J mI I* K k s sulated from iU and 

diator or convector ! - I. If If — j 1 

has a number of wire i 
coils, which are heated j 
to a point a little . 
below incandesenoe. i 
'riio heat in all such ; 
cases is given out l)y ' 
convection, or con- 
duction, not by ra- 
diation, and in order 
to give the apxiear- , 

lamp Ts "often ^plac^ ^ji 1 1 ”*‘^**’^ sux>er- 

Efficiency of j of cooking — at least, 

Radiators. As re- cities. During the 

gards efficiency, there ^ j 1 ■ x^ast two or three y earn 

is really little to' great advances have 

choose between the 219. elec tric cookkr. 220. belling electric fire. made in the 

various tyxies. For 221. bastian radiator. 222. lamp radiator, manufacture of 
long-cont inued use 223. hot-plate. 224. tricity electric oven. thoroughly reliable 
the convector is x^ro- cookers. A rapidly 

bably the best, but for convenience — e.specially inc?rea.sing number of private houses, hotola. 



strips. These wire coils are placed near the 
iron base, but separated from it by insulating 
material. When the current is turned oni the 
resistance wire becomes hot first, and then 
communicates its heat to the iron. Many 
thousands of these self-contained irons are 
in and in laundries and factories they , 

find an extended application, in many cases , 
entirely replacing gas. Soldering irons are made 
on the same x^rinciplo, and in a number of 
difficult cases these, too, have proved ^satisfactory. 

Electric Kettles. The next development 
lies in the direction of internally hoatt.'d cooking 
utensils, where each 
a])paratua forms a 
self-con tamed unit. 
Such apparatus is very 
efficient, but owing to 
its cjonstruction very 
expensive. The kettle 
is the usiml form, but 
e 1 c t r ic saucex^aiis, 
A coffee-makers, and 
^ numb(;rs of similar 
w utensils are also made. 

heating element, 
^^onsisting of w'ire 
I ' w^|||l|||iK wound on mica for* 

, mers, is placed umler 

’•i i bottom of the 

^ p 3* ! ut(‘nsil, carefully in- 

mi * R I IIk! i sulated from it, and 

|H ; ‘ T; I |H|l I suitably protected. 

H \ Ifc :• (V The convenience and 

* xiortability of such 
< apxiaratusis ax>x)arent, 

' and it is only their 
' higli prime cost which 
^ stands in the way of 

« , their extendtid use. 

Electric Cook- 
ing. Klectric cooking 
is destined in a very 
short time to sux>er- 
. sedc to a very large 
extent other systems 
j of cooking — at least, 

I in cities. During the 
' x^® st t wo or th ree y earn 
J great advances have 


in rooms only occjisionally used — the lamp 
radiator is a great favourite. In the Ferranti 
fire the coils of w'ire are placed behind a (|uartz 
or silica plate, which it heats to incandescence. 
This heated plate is surrounded wuth a cop|>er 
bow l as a reflector, producing a very pleasing 
and, indeed, artistic effect. 

Domestic Irons. A further popular 
domestic application of electric heating me- 
thods is to the iron. The healing element 
consists of line wire of special composition 
w^ound eitljer on insulating formers or on mica 

2734 


and public institutions are now'‘ entirely 
dependent uxion electrical methods of cooking. 

In nearly all modern apparatus ‘‘ ntbhrome ” 
— an alloy of nickel, chromium, and other 
metals — is used. This wire has a very high 
electrical resistance and a comparatively low 
coefficient of expansion with the temperature 
at which the surface of the hot-plate is main- 
tained. Up to the present the difficulty has 
been with the mica insulation, which tends to 
disintegrate at very high temperatures, but 
some of the latest types of hot-plates have 



dispensed with mica altogether, and are conse- 
quently able to maintain the plab^ surface at a 
continuous red heat. 

Electric Ovens* Modern electric ovens 
may be divided into two classes. In one, typific'd 
by the “ Tricity oven [224], the oven cortsists 
of a bright tinplate receptacle placed over an 
ordinary hot-plate, and having an opening at 
the top for placing over it another hot-phite, 
inverted. Owing ro the bright surface of tho 
oven, the h(‘at-h)ss(*s by stray radiation are 
small, and th(^ cooking tempiTatun* (.*150"'- 400 ’ 
F,) is maintained by tlu^ two hot-plates. 

In the other class we havi' ihe “lagged 
oven,” shown in 219. This typ(^ of cooker 
somewhat resembk's tho gas cook(‘r. 'riie 
heating elermuit is placed at the sid(* of the 
oven, while stray heat-loss(‘s are minimised by 
liberal u.sc ei laggings, or protoctiv^e coverings 
of heat-insulating materials. 'riie. heating 
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inch of plate surface; and wdth this plate it -is 
best to ust' Special utensils having flat cop[)cr 
bottoms. The eftieiency of this type of ap})aratus 
depends upon the lilling space, about one and a 
half or two indies wide, betweim the oven 
and its outside casting with asbestos or silica- 
wool, or SOUK? other suitable iusiilator. Both 
the typ(‘s mentioned liav(^ their advocates, 
but for constant w'ork the heat -lagged t yfic 
seems to be making most headway. Kig. 21fl 
shows an elt‘ 0 iric, (looker for a small house, and 
225 shows a larger kitchen. For grilling and 
toasting 1 lu* heating (‘kMiKMit is exposed, and the 
perfect control possible' rt'iiders not only grilling 
but all other cooking operations an easy, dean, 
«and not disagreeable task. 

Advantages of Electric Cooking. Tn 

addition to tho (de'anliiiess of electric cooking, 
and the fact that l.he cooking teunperature is 
under perfect control, it has been })rovid lime 



226. THK INTERIOR OF AN ELECTRIC KITCHEN 


element will withstand very high temperatures 
for long periods without disintegrating, its 
melting-point being about 2800^ F. In its latest 
form it will withstand a w'orking temperature 
of 2000° F. This metal is usually made up in 
ribbon form, which is wound on mica strips, 
and insulated from the metal of the hot-plates 
and heating utensils by further .strifis of mica. 
Hot-plates [228] made u]) in this way may lie 
safely loaded up to 25 watts fier square inch of 
hot-plato top surface. This gives a temperature 
on the hot-plato of about 000° to 050' F., and 
enables cooking operations wdlh ordinary 
utensils having flat-bottom surfaces to be 
satisfactorily carried on in a reasonable time. 

A very popular type of cooker — namely, the 
“ Tricity ” — uses as a standard a hot-plate 
7 inches in diameter, requiring 800 watts. This 
implies a loading of about 20 waits per square 


and tiino again tliat there is a saving of about 
12 j)er cent, in tlu^ reduced loss of weight in 
joints of meat cooked ek'ctriually. This is clue 
to th(i fact that in the even liot iemperrature 
of an eleetrie oven the surfac'c of the joint is 
cooke.d immediately, and the* iiuait juices an? 
thus sealed in and retainc'd in the j(unt, greatly 
improving its taste, 'J'ho manager of a largo 
electric restaurant, where TOOd persons are 
caterejd for wca'kly, calculates that tlu? actual 
cash saving from this sources ropresentM to him 
£80 per annum, while his annual hill for electric 
energy is only £104. 

Judging from the im])rovT'mc'nts which are 
being made in the design of (‘lectric cooker^, 
and the low tariffs which an^ charged in many 
districts, electric cook(‘rs will soon be as 
familiar a sight as electric motors. 

SfLVANUS P. THOMPSON 
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Compass of the Instrument Tuning. Correct Attitude of the 
Player. Open Notes and Positions. Bowing. Exercises. 


THE VIOLONCELLO 


T he violoncello, or the ’cello, as it is commonly 
called, has four strings. As the character 
•of their tone depends not alone on the tension, 
length and substance, but thickness, the strings 
are of different gauges. The material in ancient 
'lute.s may have been furnished from the intestines 
of cats, but the substance nowadays preferred is 
derived from young lambs, although goats, 
antelopes, and deer are laid under contribution, 
increasing weight and depth of tone are gained 
by the two lower Velio strings being covered with 
copper or silver wire. 

Compass. The names of most of the parts 
of the violoncello are similar to those of the violin 
[page 1954], If the viola extends the compass 
of the violin a fifth downwards, the ’cello con* 
tinues that of the viola an octavo further, ^'ho 
four strings are tuned in fifths. That on the left 
of the player is A (fifth line, bass clef). The 
next is I) (third line), the third is G (first line), 
and the lowest is C (second ledger line below staff). 
Thus, the pitch of the top string is an octave 
below that of an A tuning fork. 

Tune the strings in succession from the A, 
each a fifth lower than its neighbour. Correct 
their pitch at first by the notes of a piano, or 
by a set of pitch pipes. When properly tuned, 
these four strings give the “ open ” sounds of 
the instrument, tn music they are indicated 
by a zero above each note. 

Attitude of the Player, Sit on the 
fore part of a chair. Advance the left foot, 
Avhich should be turned outwards. Draw in the 
right foot. Rest the left edge of the instrument 
against the calf of the left leg. Steady the right 
edge by the calf of the right leg. Grasp the ’cello 
lirmly, so that the how, when crossing the 
strings, may not touch the h'ft knee. The instru- 
ment should be held securely in this way, so that 


the left fingers may be free to stop the notes 
firmly, and the entire hand change its position 
without having to support a heavy weight. 

The Tail Peg. To ensure that the ’cello 
does not slip wliilst being played upon, it is 
customary nowadays, especially with ladies who 
cannot hold the instrument in the way described, 
to use a steel or wooden stem, protruding 
7 in. or 8 in. from the tail-end. This dispenses 
with the pressure of the legs, and leaves the 
body of the ’cello free to vibrate. The stem should 
be adjusted to such a height that the bow will not 
tou(^h the left knee nor the right thigh when the 
first or the fourth string is sounded. 

When in position, the scroll, or heat! of the 
’cello should slant over the left shoulder. Place 
the thumb on the centre of the back of the 
neck of the instrument. Put tlio tip of the first 
finger on the first string on the fingerboard 
above and opposite to the thumb. Press 
down the tips of the second, third, and 
fourth fingers. Round the joints well on the 
third string ; do not let them sink in. If 
the finger tips are not employed, the hand will 
not be properly roundf'd. Continue this exerciso 
by putting the first finger and others in suc- 
cession on the second string. Transfer them in 
the same way to the third and fourth strings. 
Make each movement emphatically. 

Having Avell resinod the hair, take up the 
bow with the right hand by the nut, or screw 
end. Hold the stick between the thumb and 
second finger. Let the inside of the hair 
touch the first joint of the middle of the first 
finger. The third and fourth fingers are used to 
balance the bow, and tlic first finger to give the 
necciisnry pressure on the strings. All movements 
with the bow must be done with a graceful Avi ist. 
The motions of raising, lowering, and turning the 
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THREE-STRING ARPEGGIOS 
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right wTist whould bo carofully prarti.sed — any- 
thing stiff or inflexible looks bad. Pain.s 
should be taken at lirst to keep the bow 
uniformly about an inch above the bridge at 
right angles to the instrument. 

Exercise on Open Notes. Place the 
nut of the bow on the first string. Move the hair 
parallel with the bridge. Count eight slowly till 
the bow arrives at the ti]). Alcan while, the nut 
should not have been raised towards the finger- 
board nor permitted to slant dowmwards. Keep 
the right (dhow free, and the upper part of 
the arm close to the body, but do not move 
the ‘shoulder. Return in the same way with 
the “ u]> ” bow; without lifting^the bow off thi; 
string. ATake the hair bite equally the whole 
length. Row the other three open notes clearly 
in the same way, using the wholes length of the 
hair. A down-how, it will be understood, is 
from left to right, the up- bow being from right 
to left. I’he former is denoted in music thus, ; — ;, 
nr A, and the latter by — ' or V. Wlien a change 
occurs from one string to another, it should be 
made cleanly by the motion of the Avrist. Curve 
the latter outwards when playing on thc‘ first 
string, and in^vards on the fourth string fEx. I]. 

C Major. Now essay the scale of major 
[Ex. 2], Begin with thedown-bowori theopennote 
of the fourtli siring. Depress the tirst finger of the 
left hand firmly, (let with an up-bow the note 1), 
a whole tone above the C. Next, put down the 
third finger and stop E, anotluu- whole tune, 
playing with the doAvn-bow. I’lu* F being at 
the distance of only a lialf-ton(*, does not re<piire 
, the same stretch. For this, [)ut doAvn the fourtli 


finger and use the up-bow. Go to the third 
string. With the Aviist raised, plav the open 
not/(^ G. The first finger Avill give the A aboA^(^ 
and the third finger the B. C, only a. semitone 
higher, Avill he stopp(*(l Avith tlu* fourth. The 
motions of the bow, Avrist, and lingtas should 
he simultaneous. (Continuing on the second 
string, play the open note 1). Use the first 
finger for E. As the next note is but half a tone 
aAvay, put doAvn the second finger for F. Slo}) 
the G Avith tlu; fourth. Without break, sound 
the open note A of tlie first string. Make the B 
above it with the first finger, the C with the 
second, and the D above with the fourth. When 
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passing from one string to another, avoid un- 
necessary tinger motions. If not carefully 
cheeked, fussy movenu'nts develop into affeeta- 
tions. 

The First Position. Now go back Avith 
the same fingering. Do not continually raise 
the how for siujcessiA’c notes. Balance ii firmly. 
Whc*ii the strings are changed, the sound should 
continue, whether the br)AV' is at its tip, nut, or 
any other })art. Throughout this scale, the hand 
is situati‘d in Avhat is known as the fir.st fjositiori. 
Kx, 3 gives the fingering in one octavo of the rela- 
tive minor scale A. By this it will be seen that 
although the F and G are sljarp<'ned wlien 
ascending, the same digits are used. 

If reference is 
made to the course 
on Theory or the 
Violin, the student 
will understand how 
tlu^ fingers which 
stop t he notes, wlien 
playing the major 
and their relative 
minor scales, must 
allow certain half- 
tones to alt(‘i'nat(‘ 
Avith the series of 
whole tones. The 
streteli of the finger 
at definite points in 
(*ach scale, there- 
fore, is less than dur- 
ing the remainder 
of the progression. 
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FINGERING OF THE FOUR POSITIONS 

1st J’osition I’o.sitioii linl Po.siLion 4th Posilimi 
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FIFTH POSITION 


Ex. 8. 

Ist strinsf 



Finger Stretching. Ability to extend 
correctly the left-hand fingers is an essential in 
’cello playing. While the first and second fingers 
open freely from each other, it will be found 
difficult at first, owing to the muscles and shape 
of the hand, to extend the third finger Vjeyond 
the distance of a semitone from the second. 
To overcome this awkwardness, ’cello students 
sometimes add to their stretch by placing corks 
between the second and third and third and fourth 
fingers. Try small corks at first, and avoid 
straining the fingers in any way. As the opening 
between the digits gradually widens, the span can 
be still further increased by inserting larger 
corks. 

Arpeggios. Take the major and minor 
scales already given, and delete certain of the 
notes. [See Ex. 4.] 

After practising the arpeggios over three 
strings, extend them over the four, as in Ex. 5. 

Wherever the second and third fing(*r8 are used, 
or the third and fourth, give special attention to 
them. It is only by practice that the beginner 
can hope to make the w’eaker digits as serviceable 
as their stronger brethren. Ecpiality of strength 
and independence should be the constant aim in 
view. ' 

Bowing. To add to the suppleness of the 
right wrist, practise catdi exercise, w hether scales 
or arpeggios, by bowing every note first with a 
separate stroke. When ability to do this evenly 
has been acquired, the same exercise can be 
varied by linking together two notes with one 
bow. Then, with one l)Ow^ play three notes, 
three and two, two and three, eight notes, tw^o 
with one bow and tlu*. two following with two 
short bows, a group of four notes with one stroke, 
and the succeeding four with four short stroke.s. 
Further variation can be obtained by tying a 
succession of notes together- smoothly with one 


than the pupil who ignores the study of theory 
and plays in a casual manner many published 
studies without perceiving their object. The 
object in view can never bo attained without a 
careful perception of the motive aimed at. 
Amateurs frequently fail to advance in ’cello 
playing as they should do because they will ^ 
not take the instrument seriously. Those diffi- ' 
culties which must be overcome if progress is to 
be made need first to be comprehended. This 
calls for mental as well as physical exertion. 

Steady Repetition. It is by thoughtful 
rather than by merely mechanical practice that 
the hands can be properly trained, so that 
they do ultimately what is required, as if auto- 
matically. It is of little use to practise strenu- 
ously several hours one day in a weCk and 
ni'glcct oiq)ortunitie8 for study eveiy other day. 
Far belter concentrate the attention regularly 
on the instrument for half an hour every day, 
and draw up a system of profitable study. 

Positions. Having become familiar with 
the fingering of the first position, the student 
should leave the open strings and proceed to the 
fingering of the seconds thirds and fovrt/i 'posi- 
tions. “ In each position,” says Buport, ‘Vthe 
hand must preserve the same fonn as it took 
in the first, and the fingers must likewise main- 
tain their respiudive distance, except their in- 
sensible and necessary approaehment to each 
other in moving towards the bridge, owing to 
the stops becoming gradually closer.” The 
fingering of tlie not(>s in the four positions is 
demonstrated in Ex. 7. 

Those sttidies which the student may have 
already devised for the first position can bo 
used for the higher shifts if transposed [see 
ThanspositionI. Tlu'se exercises will suggest 
fresh studies. When the techni(;al gymnastics of 
any instrument have been mastered, the playing 
of melodics and other pi(*ces will ha found com- 
paratively simple. In shifting from one posi- 
tion to another, the thumb must follow the hand 
lightly, touching the neck. 

T enor Clef. Hitherto, in the four po.sitions, 
the bass clef has been employed. If that system 



long stroke. Then, make a similar number of 
noU)9 staccato, either with one bow, or with the 
point and heel of the bow alternately. 

Staccato. Staccato bowing is done usually 
with an up-bow near the tip. It is executed 
with a rigid arm. Each sound must be articu- 
lated by a« special in-essure whilst the wTist 
remains supple [Ex. ’6]. ' 

Such exercises should not be done promiscu- 
ously, but systematically. The middle, the 
whole Jength, and th^ extremes of [rhe bow should 
all be studi^ with the greatest care. 

The tltoughtful .student who compiles his own 
exercises metliodically, so as to strejigthcn and 
accelerate his execution, wiil make more progress 
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of notation is continued for the higher shifts, ths 
numl)er of ledger lines above the staff heedmw 
confusing. When, therefore, the fifth position 
is reach^, the tenor, or C clef (C on the fourth 
line) is used [Ex. 8]. '' 

Beyond the A (first space above fitst l^ger 
line) for extreme parages, it is custojnaiy to 
employ the G, or treble clef [Ex. 9]. ; , , 

In certain old scores the treble clef was iom^ 
times written in ’cello partp ^ . octavp hijg^ec 
than the actual sounds, g system unnpoc&aril^ 
perplexing. 

Thumb Positions. To make use of the 

extensive compass oHhe violoncello,' the thumb, 
instead of being kept at the back of the negk, is 


GROUP 17 -MUSIC 


Ex. 10. the shake Preceded by an APPOGGIATURA 



Written Pt-rfonnea Written ~ Performed 


brought round to the front of the tingerboard. 
During the last note, before enn ploying the thumb, 
its place is changed from behind the neek. It is 
held above the string at a tone’s interval from 
the first finger. It then slides into its place 
horizontally upon the strings, and parallel to the 
bridge, so that two strings are touched at once. 
The middle of tht* thumb nail is over the lower 
string, and the first joint of the thumb over the 
higher string. Rest the left arm lightly on the 
sid(5 of the ’cello. Having thus made a position 
barree [see Cuitak], stop the notes above with 
the first, second, third, and fourth fingers, n’lio 
sign denoting the us(‘ of the thumb is printed 
thus When “ same position ” occurs after 
this sign, it means tliat the thumb must remain 
in the same place. 

Orchestral Playing. If the student, pre- 
sumably, is (jualifying himself to take fiart in 
an orchestra, the 
thumb positions, 
the playing of 
harmonics, and 
those subtleties 
of expression in 
bowing cultivat(‘d by the soloist need not occupy 
the attention of the learner so much as the t wo 
lowest octaves of his instrument. 1’hese have the 
richest tone and most telling qualities, wlu'reas 
in orchestral work the two highest octaves of 
tile ’cello arc seldom wantc^d. 


Solo Playing. Although the solo 'cellist 
who is really gieat is rare (onif aired with the 
violinist, the ambitious stud(‘nt will not rest 
eonfentod until he has faniiharis<'d himself with 
exceptional fingerings and bowings. 

The Shakes. Tin* shake, chain shakes, and 
passing shake must all In* dom* \\\i\\ an even 
tinger-motion, and practised till the movements 
are extremely rapid, although the bowing is done 
slowly [Rx. 10]. 

For thi* “springing how,” tin? lower middle 
jiart is usually employed. The arm and wrist 
must he free and lissom, (five a littK^ extra 
vehemence to the first noli* of a group [Ex. llj. 

The Vocal Quality. NevertheU'ss, it is 
well to rernemln*!* that tlic greatest eharm of the 
’cello, when well played, eonsists in its power of 
gliding from one note to another, and of its 

SPRINGING BOW 


peculiar v^oeal quality wlu'n dwelling on a note, 
elos<*ly imitative of tlie human voice. ’^I’his 
sympatlu'tic (‘tb'ct is heard to the best advan- 
tage in the lowest regisU*!* of the instrunu'iit in 
slow passages, and it is that part of its compass 
which, in the orchestra, is of greatest value. 




MOZART AND HIS FAMILY 
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GROUP 18— MANUFACTURES . THE WORKSHOP OF THE WORLD— CHAPTER 21 


The Art of the Designer. Its Relation to Fashion. 

Forms of M^eaving and Methods of Calculation. 

DESIGN AND DESIGNERS 


A PLAN is as necessary in making a cloth as in 
building a bouse; and although the schemes 
that arc drafted for cloth-making arc called 
designs, they arc in reality working plans. The 
man who ])i eparcs the designs is ealleil th(^ (k‘.signer, 
whether his work is that of inserting dots upon 
squared paper or of turning out ornamental 
sketches. The former elass is spoken of as tochiii(‘al 
as opposed to artistic designing, and it is with the 
purely technical side that we have to deal. 

The name sounds a little forbidding, and the 
duties may seem mechanical, but it is exceedingly 
easy to underrate the demand.s that may b<i made 
upon the patience, discernment, taste, and skill 
of tho technical designer. The higher blanches 
of tho e.raft call for an ability upon the part of 
the designer and colourist not inferior to that 
made upon the worker in freehand, and the highest 
classes of technical designing are at least etqually 
well rewarded. 

Requirements of Design. A woven fabric 
consists of two sets of threads intercrossed accord- 
ing to some determined order, and thc! order is 
arranged with more than one object' in vi(‘w. 
Ap]>earance, or the forming of a pattern, is one 
great consideration, and usually tluj chief one, but 
regard has to 1)0 paid also to the stability of tho 
structure. In tho interests of wear the fabric must 
have a sufficiency of strength in both <lirections. 
The threads must bo well bound together if th(*y are 
not to fray, and to bo ideally satisfactory th(^ fabric 
must be well balanced with warp threads pro- 
portionate to tho weft. The art of designing does 
not lie wholly in the placing of the thremls ; it 
c'lnbraces some liberty in the choice of the materials 
and in adjusting everything to the purpose in view, 
and esp(?cially to the pric(* (hat can be paid. 

Nobody can design cloth to any purpose without 
a shrewd id<?a of what will sell and of what tho 
market is likely to want nc'xt, and these considtua- 
tioiis have no necessary connection with what is 
ideally desirable or meritorious. So much mis- 
eoncey)tion is entertaine<l as to the functions of tho 
technical designer that it is needful to crnpha.siso 
tho fact that he has to c*xercise his ingenuity within 
narrow limits imposed on him by the market and 
the capacity of the machines. 

The degree of skill called for varies with the 
intricacies of the work, little or none being wanted 
for the making of ])lain weaves for unooloured 
cloths, and very great skill to stamp new variations 
upon old themes with the impn^ss of originality and 
timeliness. The production, for cxanii>le, of tho 
highest grade of worsted fancy trousering is of 
vastly more intricacy than might bo supposed from 
a casual glance, and may involve the use of half a 
dozen different shades of grey to arrive at exactly 
the light cast of colour, and of contrast threads 
placed in exactly the right iiosition to make an 
effective foil. In these goods the supreme de- 
sideratum is usually an irreproachable neatness and 
uietness of effect, but in designing tweeds more 
ash and loudness are required, which are obtained 
by the use of more violent contrasts. In either 


event a very narrow line separates right from wrong ; 
and this trained artistic sense of what will please 
is of much greater practical consequence than any 
mechanical or scientific considerations. It may bo 
said that the finished result in designing of this 
elass is never hit off in one effort, but is arrived at 
a.s the result of the gradual refinement and 
improvement of the initial idea. 

The Fashions. Fashion is the great idol 
that tho designer has to consult; and although 
fashion is always changing and moving in cycles, 
itj never exactly re])eats itself. Plains arc succeeded 
by stripes, and stripes by cheeks, in an apparently 
endless variety of widths and colours. Although 
hi.s own old pattern- book.s are one of the riche.st 
sources of inspiration that a designer of fancy cloths 
can find, the new goods miwt alway.s show some* 
appreciable difference from those that sold when 
stripes or checks of a similar sort were in vogue 
before. Tho d(*.signer has to be well posted in 
respect of what others arc doing, and most de,signcra 
of technical fancy gomls are supplied every season 
with books of patterns furnished by firms conduct- 
ing a kind of subscription jiattcrn library. Styles 
arc found exe'cutcd in silk and .satin [2), or in light 
dress stuff, that, with adaptation, can be con- 
verted into effective designs in heavier materials. 

Designs on Paper. The designer gives to 
the weaver a plan or design plotted out upon 
paint pa|)er [3], ruled in squares and divided 
by heavier lines into squares of eight. A black 
mark insertcul in one of the small squares signifies 
that at this place the weft thread is to appi^ar upon 
the surface, the warp thread pa.ssing underneath. 
It is barely necessary to iinlicate on paper the simple 
oni'-up, one-down alternation used in weaving a 
plain cloth, but such a de.sign has the appearance 
shown in 4 . It is almost as siiperlluous to 
plot out tho design for simple three and one twill 
151. where, in every pick or shot of weft, the weft 
thread ])ass(‘s over one warp thread and under three. 
The designs 1 , 4 , and 5 are for the giiiclanee of the 
twister who threads the warf> through the healds 
of the loom, for the ov(irlooker, tuner, or tackier 
who places the gears into the loom, and for the 
weaver who has to see that the cloth is woven 
without avoidable defect. 

Pegging Plans. The necessity for paper 
plans increa.ses with tho complexity of the structure. 
Apart from the plan .showing the order of the threads 
OH they occup- in the fabric, a draft is got out for tho 
guidance of tho healders to show to which shaft of 
healds each thread in the repeat of the pattern 
belongs. Another draft or pegging plan is prepared 
for the overlooker to show now the pegs should 
be inserted in tho cards of the dobby to control the 
order in which tho shafts of healds are to be lifted.! 
The object is to weave as few shafts as possible, and . 
in order to reduce tho number the lifts are carefully ’ 
numbered and noted down in dots. When more' 
than one order is possible, the designer is expected, 
to choose that which will give the least trouble in 
the weaving. 


TEXTILES, LEATHER, GLASS, EARTHENWARE, PAPER, FOOD SUPPLY, APPLIED BOTANY 
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Controlling Factors. Thoro are many 
ways in which the effect can bo olterocl, ap%rt from 
the placing of the threads. The respect iv^e thick- 
ness of the warp and weft threads is one controlling 
factor. A weft much heavier than the warp gives 
a ribbed or corded effect running in the weft 
direction, and a disprojwrtionately thick warp 
produces a rib in the warp diret^tion. Then the 
order can be arranged so that (!vcn in a simple 
fabric one set of threads nv'iy predominate iipon 
the fat;e, and by the use of suitable materials one 
set may be entirely concealed. Again, fancy effects 
are obtainable by 

altering the t(*nsion □□□■■■■■ jnGM DM 
upon alternating I 

warp thn'ads by y jg ga nMr l|iF.bBni “ U 
using two or more ■■■■[' frinunl' 'U® 
warp beams. Simi- jf iMi ■!(§>._ IljJBB 

larly, by varying the ■■LlL.li, 

spacing of threads by B| . i| -jUBBMjjlllijl - GH JJWJB 
nuvans of the warp f r ''yB imBm 
dvntA, a fabric can bo |'-!|||||p|||^P*r Ij- ^'lyjBBSJjQH 
made with certain of ■■ ■■! u. ;[ ii JM 

its threads crammed |n||Bl ji ji IHHBB' LI B 
together and with MBpIl . i .. iMjjBBBBU. iMjW 
more or less o})en BBUl jUBBBBBl jj 'BBJ 
spaces between. \9 




Fancy Weaves. i,k.skin- 

The simplest effc'cts 

in fancy w<'aving are got by .sim]>l(‘ exbmsions of 
the ek'inentary w('avos. Thus, if, instead of W(‘aving 
one-up and cuie-down, the design is altcTcd to two-up 
and two-down, we get the familiar hopsavh or 
basket wi‘ave. The ordinary twill is converted 
into herring bone by twilling for a certain distance 
in one direction and twilling in the n^verse dircclion 
for an ecpial distance. The change's necessary in 
operation are rung U])on a number of elcnientary 
striu;tures, of which the following arc the ju incipal: 

(a) The ])lain weave, (b) The war]) rib. (c) 
Tlio weft rib. (d) The common twill. (r') 
'Phe sateen or brok(‘n 
twill. 

Kaeh of these struc- 
tures is susceptible of 
modification by itself, 
and the woavt's can bo 
combined (uther for the 
sake of effect or to .seenre 
firmness of texiun% and 
the sat(Hms, in ]iarti(!ular, 
are often worked out. on 
a large number of shafts. 

Double Cloths. As 

well as sim])le fabrics 
there arc also the so- 
called double cloths, of 
which the most complete 
o.\ample is the reversihlpj 
sold for mantles, over- 
coatings, and travelling- 
rugs, with a face of one 
colour and a back of 
another. The reversible 
is composed of two 
separate and indci^cndent 
fabrics, which are woven „ aArnrw 

simultaneouslv one above cu 

the other, each having its 

own. warp and own weft. A third warp, usually of 
cotton, is interposed between them ; and tl^ stitch- 
ing warp, as it is called, is interlaced at intervals 
both with the upper and the lower fabric, so that 


1. DK.SIONS FOR TWILLS 



the two are bound together as one. Thert'» arc also 
double cloths non-reversible, in wliich there are two 
warp.s, one forming the face, the other forming the 
back, ami unitc'd by a common weft binding both 
together. Backed cloths is a preferable name for 
tliese, and they arc ma<lc often for the pur))OHe of 
gaining weight eeonomicidly. A liner and costlier 
warp is used for the face than for the back, and the 
woven npp('arance of the back is ipiite unlike that 
of the front. Backetl cloths arc* in common use for 
worsted trouserings, and both backed and stitched 
double cloths are c.vtcnsivcly woven in making 

cotton (iuilts. 

RbyPS' SB' BL^M' Extra Warp. 

j ]|||| m i iB weaving involves 

B il BB BB B !■■! (‘ertain amount of 
BjilB' B. BB' Bfli i.B take u pnvviminiri'um 
B^BB: BBI Ji 1i_ BBi . BB; J of warp-lcnglb, due 

BBi ‘ 'BB' By^® ^ 

nSi SB' iBani ; SB mm bending of one 
GBB! i " jBB' Sfl*B: BB around iui- 

f BB! BB' B' BB !BBL') I (>fber. In weaving 
B. - B! BB: BB; ’ < .flBL.jB backed cloths it is 
B; BBj i BB' BBl B' B usual to allow for a 
yy,BB! BS! iB«*Pi BB ^! greater takc.in)int he 
BB BB^N BB BB^Si warp than in t he 

hack. Jn weaving 

?oR TvviLus ' ' f 

(liff(*r(‘iit kinds into 

sinii>le fabiics, allowance has to be made for the 
varying degret's of i laslicity ; an<l thus in weaving 
a few threads of silk to form stripes in w^orsUui, 
the silk is oftc'ii w'arpcd iijxui a s(*parat(^ beam 
under different tension. In one si'rise this silk 
is therefore an extra, warp, but it is not exactly 
in this hi'use that Uu* w'ords extra trarp are to bo 
understood in rc'lation ti> Hie forming of fancy 
figures upon the fac(' of light goods. In lappet 
woven muslins the extra warp threads are stretclu’d 
above the ground ww]), and the loom is litted with 
needle bars gi.)vcrne(l by a wlieel-plat(‘. Tliese 
extra thn'acls are, at. the 

right place and time, 

brought down to the 
level of th(^ grouiul-warp, 
and are accordingly woven 
to the fabric at tliat })laco 
for the ]iurpos(‘ of form- 
ing a iiattei ii 17 ]. 

liy using a special 
arraum'iiK'ut of auxiliary 
shutth's known as.sj/?/cr/,s-, 
a figure can bt* formed 
with extra weft. The 
shuttles used to weave 
the grouiul w(*ft cross 
from side to side of the 
cloth, but the swiv'cl 
shuttle works only across 
its own patt(‘rn, and one 
swivel is provirled for 
eaiih pattern in the width 
of the piece, 'flu' ajipar- 
atuH has be(*n discar<led 
by mo.st manufacturers, 
but the method is always 
a p()ssi])l(5 one of produc- 
[£ MAGNIFIED .spiral and fill or 

patterns which are not 
obtainable by other means |6]. 

Gauxe Weaving. A variation upon plain 
weaving that is used mainly in the silk and fancy 
cotton trades is the gauze structure. Gauze is not 
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Satin cloth magnified 
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simply an uncommonly light fabric; it is ono in 
which alternate. warp threads arc drawn aside from 
the straight course that they occupy in ordinary 
weaving. The loom is fitted with one or more sets 
of rfowp heddles or healds, whereby the alternates 
in the warp arc pulled sideways and across their 
tlicir neighbours. Whjh' in tliis 
])o.sition the weft is shot between 


Helps in Designing* Designers are attached 
ordinarily to one branch of the industry, making a 
more or less restricted range of goods upon fow’d* 
varieties of looms than have been enumerated here. 
The problems of different designers arc not the same, 
but there are similarities in the aptitudes required 
from them. Designers are 
expected to bo quick judges of 


them, and in a }>lain gauze the m itm i i i i i tit i material, and to be able to ^ tell 

threads follow the pattern shown IIIIIII II the quality of a given cloth from 

|8). It will be seen that the :::: IIi::::: III::::: :::::i:: II a very small sample. They 

insertion of the weft prevents the should be able to estimate 

warp threads from uncrossing, ;;;; illliilil II! approximately the count of yarns 

as they would otherwist; do, and Illli;;; IIIIIII! IIIIIII! II! from its look, and know how to 

1 hus maintains the iiitersf ieo ; ; : ; III:::;: : 1 : 1 : 1 1 : 1 1 : o-rri VC at a given result by the 

hetween the threads that would ZZ‘. ZlZZZl'.'. IZZZIZI’. IZZZZIZ. ZZ. shortest means. Their work 

otiicrwisc be filled. This expedient calls for a good deal of incidental 

of crossing parallel warp threads IIIIIII! Ii; calculation, the labour of which 

is resorted to in’ wesaying fancy "Illi:; illili;: Illilli: Ii: considerably; shortened * 

Icno and other lacc-like fabrics in ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 " II 1 1 1 1 1 ! 1 1 ! hy the use ' of ready-reckoning 

which it is necoHsary to maintain III IIIIIIII IIIIIIII IIIIIII: Ii: tables and charts. Diagrams 

an open space ladwocn one grout) I!!!!!!! I!!!!!!! I!! arc piiblishpd from which ono 

of threads and an(»ther. The doup III IIIIIIII IIIIIIII IIIIZIi: II! can Si-c at a glance the cquiva- 

action s(;rves, as a matter of fart. III IIIIIIII IIIIIIII IIIIIII: II! lent counts of yarns that are 

as a lock stitch. Ill IIIIIIII IIIIIIII IIIIIII! II! numben'd according to the several 

Pile Fabrics. A pile is systems in vogue. instruments 

raised on some fabrics purely by procurable for facilitating 

the processes of finishing, as in I : I : 1 1 1 1 1 1 1 I : : 1 1 : = I 1 1 : : : " : : = ! the weighing and measuring of 

the case of the imitation furs 1 1 1 : 1 1 1 1 1 1 1 : "I I H I "1 1 1 1 1 ! 1 1 1 threads withdrawn from cloths 

made with a. eonceale<l cotton M 1 1 f 1 1 1 Tf f Mitflll Ml If II II that come for matching and for 

warp and a heavier mohair w(‘lf. 3. TKXTILE DESIGN PAPEil the ready counting of threads as 

Fibre is scratched from the weft they lie in the fabric. It has at 

yarn until it forms a cover for the w'eavo the same time to he said that some of the ablest 

beneath. There an', however, goods woven men dispense rjuite succc'ssfully with these, and 

with a surface of loops, and those may bo uneut, continue to work with the very simplest accessories, 
as in the familiar Turkish towelling or llrussels MaKing Calculations. Th(' simple calcula- 
<!arpet ; or cut, as in velvets or corduroys. The loop tions that fall into the designers’ way include 
pilt! may be foruu'd cither out of the "warp or the reckonings as to the total weight of one piece con- 

weft, and when a long pile is wanted warp threads taining a known number of threads of known 

are used to form the loops. The loom count. The weight of a warp is readily 

used in warp pile wc'aving is the ordinary rBrjTTirTA multiplying together : 

ones with an addition to permit of the Ends per inch x w'idth of eloDi in 

insertion of wires, over which loops are inches x yards of warp, and dividing 

formed by the pile-warp, while th(* bases the product by tho yards per hank x 

of tho loops are secured between the yarn count. 

ground-warp and the wt'ft. The wires Tn practice some allowance has to be 

are withdrawn and iej)laeed in each made for loss'of weight in weaving, and 

new shf:d continiiously during weaving, this amount varies with the material, 

and the loops can lie cut, if need be, a-nd is determined by experience. Tn 

l)y a knife-edge attached to tho wire. weaving cotton it is customary to add 

The pile then exists in the form of cut- ' — * — ’ — * — * — ' — — — H per (lent. for waste, 

cnils of twisted yarn, and the finishing 4. DIAGRAM OF The weight of the weft is ascertained 

processes are designed to untwist this PLAIN CLOTH hy multiplying : 

yarn and to conceal the foundation Picks per inch x width of cloth in 

under a dense and bushy mass of fibres such inches x warp length, minus allowance for take-up 
as are seen in velvet. In an alternative process in weaving, and dividing by the yards per hank 

ot weaving |)lushes, two fabrics are woven face to x yarn count. 

f -jcc; and when tho w'arp loops joining them A larger allowance, variable in amount, has to be 
together are cut, two pieces of cut pile are obtained. made for waste of weft in weaving, and in the 

\\-cft-i.ilo go<K|8 are woven in | ^ _ rnow"4 m-r cent “ 

two welts — one weft to form the The weight, and price of the 

grountl and to bind fast tho materials being knownt*'' wo. are 

secondary weft. The latter pnsse.s well oni towards qsigmatiqg tjie 

under one and over three, six, or njprTjHr^^ total co^t, which is arrivpd at ,by; 

nine threads, and these floats or nBBiniprMM adding the .expenses* of warp and 

loops require to he cut and the ^ beaming, weaving; and * mei)4i?^r 

yarn to be burst into its constituent 5. DESIGN FOR’ TWILL C3LOTI1 and an allowance about .^yal. to 
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fibres. Velveteens are made with 
a* weft pile, as are corduroys, and in the latter the 
loops are woven in lines with sfiaces between to 
form the vHiilws between tho ribs which appear 
on the finishe^iBuriMe* 


tho weaving wage to , epy^r th© 
miscellaneou.s charges of toe est^Wishment. 'r ln 
addition, there are always certain . expenses 
in connection with selling* and there may be costs 
of dyeing and finislung. 
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Incidental Calculations* There are many 
incidental oalculatians, some of which rc(|niro to 
bo made afresh on every occasion, and others that 
are covered by formulae or that can h(i setth‘d on 
the basis of past experience, 'rhere is, for instance, 
the question — which is important in floods liable to 
shrinkaf^c in finishin«j^ — of how a cloth should bo 
set in the look in order to contain the rif'ht number 
of threads per inch in the long run. Ratios havo 
been worked out for each of the standard weaves, 
and there arc formuhw for ar riving at t he allowance 
to bo made for various counts of yarn, so that, 
knowing what proved correct in one instance, the 
designer can calculate the amount nt‘.eded in another. 

When it is desired to calculate the number of 
threads which can be laid side by .si<lo in one inch 
it is first retpiisitc? to estimate thc^ diamct(‘r of the 
yarn, and this is customarily done according to 
Ashenhurst’s rule that the 

Diameter --- I 

K X ^ yards p(‘r lb. 

Under this formula K is given difTcreni valuc.s 
according to the material of which the yarn is ma<le. 
Approximations which have gained acceptation give 
k a value of *84 for woollen yarn. 

,, ,, ’Hi) ,, crossbred worsted yarn. 

„ ,, *00 ,, botany. 

„ „ *02 ,, cotton and linen. 

In view of the ditTerences iti specific gravity between 
raw materials of diffc'nuit origins, and tlu^ large 
variety of twist given in spinning, the calculation 
can be approximate only. 

Becoming a Designer* The reeognisc<l 
way of becoming a t('chnical (k'signer is to efTcct an 
arrangement with a designer employed by a large 
linn, and to learn the business under bis tuition. 
Tlu^ designer in a large mill making fancy cloths 
has a good deal of el(‘rical work to do in writing out 
instructions upon tickets, and this work, deniantling 
patience and accuracy, is om'* of the first tasks to 
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which the learner ikmmIs to accustom himsidf. Kvery 
good ikssigncr can himself manage a loom, and in 
the woollen and worstecl tradi? th(‘r(^ arij opportuni- 
ties for the li'arnc'r to ])ractiHe haml loom weaving 
in the making of pattern l('ngths. A good, all-round 
knowledge of mill proci'ssi's being nciulful, it is 
practiisally indis})cnsabl(' to the young designer to 
take a course of lessons in the [excellent technical 
schools that are to be found in cviTy considiu’ablo 
text ill* industrial district. 

Then* arc good positions to be olitained by men of 
experience and ability, and as much as tiooo has 
been paid to their head designer by linns in the first 
rank. At the other extrmm* are designers who 
eaiinot hope to be paid more than IJos. a week, or 
the wages of an overlooker. 

Some designers are expei'ted to add commercial 
funetions to their ollice, and to act as salesmen, 
designing and selling their own cloths. In these 
cases the ri'inuiu'ralion is 
di'termirUMl as much by the 
salesmanship as by the ti^ch- 
nieal capacity displayed. Some 
aic introduced to the market 
every season liy their cm 
])loycrs, and other.s are con 
lined rigidly to the mill and to 
mill hours. 

The Importance of 
the Designer. The res- 
])nnsi]»ilit,ics of design(‘rs vary 
as luueh as the raugi; of salaries 
would suggest. Th(* position is of prime irnporfanee 
ill a mill owned by ambitious principals eager 
to reach the top in the yiroduction ot fancy clot hs, 
and a good designer will keey) their udll going as 
surely as a had one will shut it up. 'fo rnakius 
of plain and simple cloths the ehoiic of d(‘signers 
is less material, and in such cases the di'signer 
often occupies the ]>lace of deputy manager, and 
in duo time passes out of the ilesigners room 
to take up the management of a weaving mill. Ihc 
iirospccts of obtaining situations are not limited to 
thisLuntry. J. A. HUNTER 
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GREAT ICE RIVERS FLOWING DOWN THE ALPS 



47 . A MEETING OF OLACIER3 AT THE FOOT OF PIZ, BERNINA, SHOWING THE MORAINES 
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Erosive and Transplanting Action of Running Water. Deltas and 
their Formation. Glaciers and Their Important Work. Moraines. 


ACTION OF FLOWING WATER & ICE 


VV7e have already seen that a part of 
^ the rain which falls upon the surface 
of the earth sinks underground, and there 
performs important geological work. But 
a great deal of the water which is pre- 
cipitated from the atmosphere docs not 
sink into tlie ground, but remains on the 
surface, in the forms of brooks and 
rivers, which run into lakes or into the 
sea. This running water performs a very 
important work of erosion on the surface 
of the land ; it has done much in tlie past, 
and is doing much in the jnesent, to 
mould the contours of the landscape. In 
those few parts of the world where the 
surface is a dead level, tlie rain accumu- 
lates in pools, which ultimately either 
sink into the ground or evaporate into 
the sky. But in most places where rain 
falls the surface is not level, and the rain, 
obeying the law of gravitation, runs down 
the nearest slope. 

If we watch the rain falling on a mud- 
bank or on the seashore, we seci that it 
traces little valleys in the soft ground, 
whose si/e and direction are conditioned 
by the slope of the surface and the nature 
of the soil. Stones or harder portions of 
the surface cause the running streams to 
divide or ramify into a network, and a 
miniature river system, with tributaries, 
watersheds, and affluents, is thus produced. 
It is precisely in such a fashion that the 
great river systems of the world have come 
into existence, and that valleys and 
gorge.s have been carved out of the hills or 
table-lands of the more primitive rocks. 

We can see on every hand examples of 
the way in which running water carves its 
course along the earth’s surface. This it 
does in virtue partly of its own motion 
and partly of the sandy or gritty materials 
which it carries in suspension. When water 
flows along the surface of a soft and 
friable soil, it washes away the superlicial 
portions, and carries them along in 
mechanical suspension with a force directly 
proportional to its speed and to the size of 
the grains which compose tlie soil. A 
rapidly flowing river or a torrent going 
down in spate is capable of transporting 


large pebbles, or even small boulders, 
which are usually dragged along the 
bottom of the watercourse, and thus act 
as a plough excavating the soil over which 
they pass. The speed and extent of the 
work of excavation depend also upon the 
nature of the ground. A river takes a 
long while to carve its way through solid 
granite, whereas it may rapidly wear a 
deep valley in soft, sandy, or muddy rocks. 

'I'liere is a great deal of evidence to show 
that the valleys through which all large 
rivers run have been actually carved out 
by the rivers themselves. They vary im- 
mensely in size and character, according 
to the speed and volume of the river and 
the nature of the rock through which they 
have been worn. The gigantic gorge of 
the Colorado and the tiny trough of a 
Hampshire trout stream seem, at first 
sight, to have little in common, but they 
are the product of the same instrument. 

The actual erosive power of rimuiiig 
water is best illustrated by a waterfall 
or torrent. ICveryone is familiar with some 
example of the gorges rut on a small or 
gigantic scale by running wati^r on the 
liardest rocks.. One of the finest examples 
in the world is that of the Niagara River, 
which plunges in its wbiid-famed falls over 
a mass of hard limestone, under which lie 
soft, shaly beds. These falls, at present, 
stand about seven miles above the mouth 
of the Niagara River, and there is abundant 
evidence to show that at one time this 
river fell over a cliff which formed the 
shore of Lake Ontario. The erosion of tlie 
water, aided by the stones which it carries 
down and the ice of winter, has gradually 
worn the cliff away for these seven miles, 
thus forming a deep ravine which will 
ultimately extend back to Lake Erie. 
The gorge of the Victoria Falls is 
another examfde of the same action. The 
great majority of waterfalls are thus 
placed at the head of gorges which have 
been cut by falling water, but there is no 
definite distinction between a waterfall, a 
cascade, a rapid, a torrent, and an ordinary 
river. Such difference as exists is due 
to the slope down which the riv^er flows. 
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Pot«holes. A proof of the power of running 
water to abrade the rocks is afforded by the 
pot’hokfi [58J, which arc familiar objects in the 
ijed of a rapid stream. These are large or small 
Iicmispherical basins which have been worked 
out by eddies whirling round stones and j^ebbles 
which drill out the rock. V(‘ry often, when 
the stream is low in summer, and these pot-holes 
are left empty, a heaj)^^of loose stones is found 
lying in them, ready again to take up the work 
of abrasion when the stream comes dow'n in 


to run in a perfectly straight courso^which is 
very unusual, but may take place where it has 
descended the line of some fault or fissure in 
the strata — it continues to run in that straight 
and narrow path, but it is much more common 
that it should form loops and bends, owing to 
the original inequalities of the slope and texture 
of the surface. When this is the case, a river 
always tends to widen its course and exaggerate 
its bed, because its current bears with greater 
strength on the concave side of each bend. This 
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49. THE fJOROE OF THE VICTORIA FALLS, ZAMBESI RIVER 


flood and the water whirls them round and 
round, to scour the pot-holes larger. 

It is frequently by the gradual luilargement 
of such })ot-holes, until they emerge into one 
another, that the river deepens its rocky gorge, 
just as a stealthy burglar cuts a panel out of a 
door by boring a series of closely adjoining holes 
with his ccntre-bit. But the tendency of the 
river is to wear down its course until its slope 
has become so gentle that it loses almost all 
its erosive power. It also tends to widen the 
valley through which it runs by altering its 
course from sme to side. If it happens originally 
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side of the bend is worn away, while the opposite 
side, where the water is comparatively still, is 
biiilt up at the same time by the deposit of 
sediment. It is in this way that great river 
valleys like those of the Thames and Mississippi 
have been constructed, and that the present 
river flows down in a winding stream between 
wide baidis of alluvial soil which the river has 
brought aow^ from higher portions of its course. 

Rivers Transport . Sediment. Rivers, 
indeed, are not only destrwitors but constructors^ 
In addition to their erosive action in carviog 
out their valleys, they have also a constructive 



THE ACTION OF GLACIERS ON THE LAND 



50. THK BED OF AN ANCIENT GLACIER LAKE, SHOWING IN THE (’ENTKE THE ROUNDED AND 
STRIATED ROCKS — A VIEW LOOKING UP THE PASS OF THE VALE OF NANT FRANCON, NORTH WALES 



61. A PERCHED ERRATIC BLOCK OF STONE THAT WAS FORMERLY ( AUUIED ALONG ON A GLACIER 
AND NOW STANDS ISOLATED FROM ITS STRATA AT CWM IDWAL, IN ’ NORTH WALES 



52; BOCRES MOUTONNEi^S OR GREY WETHERS — ROCKS AT CWM IDWAL, NORTH WALES, THAT 
HAVE BEEN SCRATCHED AND ROUNDED BY THE GLACIER THAT HAS PASSED OVER THEM. 

* The photoaraph of the Victoria Falle on page 2746 is supplied bv the British South Africa Company. 2747 
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/lotion in dopositing alluvial soil, which is 
especially important to us ))ccaus6 it liapjxins 
to be particularly well adapted to the growth 
of vegetation. The ability of a river to 
transport sediment do 
pi'nds entirely upon the 
s|K*cd at which it flows, 
itigh up its cour.so 
among the mountains, 
wlicre it flows with 
torrential rapidity, it 
tears away sand and 
earth and stones from 
its banks and bed and 
carries flu m along df)wn 
to the plains. But when 
it reaches a place where 
the slope is gentle, and 
the water consequently 
flows more slowly, it is 
no longer able to trans- 
port the materials which 
it has carried thus far, 
and it begins to drop them along its bed. A 
river always flows faster at the middle than at 
the sides, because of the friction caused by its 
banks, and it thus tends to dejjosit materials 
which it can carry no further along its sid'M, 
cspwially on the conv(‘X side of every bend, 
whcTC th(* current is directed away towards tho 
opposite bank. 

River Terraces. As the course of tho 
river wanders from side to side of its valley, it 
leaves behind it broad flats or terraces of alluvial 
soil, which are at first ovcrtlowcd periodically 
when more water comes down in the rainy sc'ason 
than the actual watercourse is able to hold, but 
which are ultiiiiabdy loft permanently dry when 
tho watercourse has been sufficiently deepened. 
In this way we get tho typical river valh'y, 
with the river flowing along its winding course 
in the middle, of flic broad alluvial terraces 


rising on very gentle slopes up to the foot of 
the hills which bound the valley on both sides, 
and by their height mark the depth to which 
the river has cut it from the surrounding 
country. 

Deltas. Tho hnal 
end of a river is usually , 
in a lake or sea. There 
are a few exceptions in 
countries where rivers . 
end b}^ being absorbed 
in sandy deserts. But 
tho course of the river 
from the higher ground 
to the lower generally 
ends in some larger 
body of water. To 
tliis it transports such 
of the finer sediments 
as its gradually slacken- 
ing stream is able to 
bring to the end of its 
journey. When the 
stream of the river enters the lake or sea it 
gra<liially slows down until it ultimately comes 
to rest, and, as it slows, it gradually drops its 
sediment to the bottom of the water. In this 
way vast deposits are- produced by the larg(M‘ 
rivers. It has been said with some truth that 
tho whole of Bower Kgy])t is simply the accumu- 
lated sediment of tluj Nik*,, and that Holland 
has all been transported by the Rhine from the 
mountains of Switzerland. 

Where a great river enters the sea it is con- 
stantly in the habit of building up new land, 
which is known as the della [63], bcjcause its 
shape usually corresponds to the fourth letter 
of file (Ireek aljffiabet. The deltas of the Nile 
and Mississip})i cover a groat area of ground and 
project far out into tho sea. They are constantly 
being added to by the great rivers which have 
built them. 




54 . CREVASSES IN THE PERS GLACIER 
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66. MOKAINK CUT TIIROUail BY BLOODY BllIDOK 
RIVER, NEAR NEWCASTLE; CO. DOWN 

Why the Sea is Salt. Rivers 
not only carry sediment, which 
is mechanimUy an-spended in their 
water in eons^iqucnce of the speed at 
which they How, hnt they also dissolve. 
many substances, such as salt, various 
carbonates and sulphates. The Thames 
is estimated to bring half a million tons of 
mineral salts into t he sea every year. This 
constant transport of dissolved substances 
into the sea has made it salt throughout — 
common salt being the most readily soluble 
of minerals, and therefore the most freely 
Jt is thus a neces- 
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tomperaturo of 32^^ In the regions bordt»ring 
the North and 8i)uth Poles the normal tempera- 
ture at sea- level stands l)elow this throughout a 
great part of the year, and consecjuently the 
land is pt^rmancntly covered with an ice-sheet. 

In temperate climates like our own it is only 
in the depth of winter that the temperature 
remains Ixdovv the fre(*zing point long (mough 
for the ground to be covered with ice or snow. 
But among the hills the case is dilTerent. The 
higher we rise above the sca-lcvcl the lower 
docs the Unnperature fall, and there is a detinitc 
level known as the snow-line, above which 
water normally exists in tlie form of snow or ice. 
This snow'-line varies in height according to 
the distrhit, being on the actual sea- level at the 
Poles, and as much as 18,(KK) or 19,()(K) ft. above 
the sea in the tropics. In the Alps the snow line 
stands at H,,WO ft., and there is no hill in the 
British Islands which <piite rises to it, though 
Ben Nevis comes very near. 

How Glaciers are Formed. In countries 
where the hills rise above the snow-line, water 
which falls from heaven— or, to put it more 
accuratt^ly, is condcuised from tlu* atmosphere 
— remains frozen throughout the year on th(‘ hills 
which are high emough. On the higher parts of 
such a mountain (diain the sm)w is loose and soft, 
much as we lind it on the ground afUu* a wint(*r 
snowfall. Lying as a rule upon a slope, it has 
a tendency to creep slowly down- 
ward by gravitation. If the slope 
1)0 considerable, it ofUm breaks loose 
and ruslu's down in huge masses, 
known as amlatwhes, which often 
cause great destruction, and 

CEWTR* MORAtNC , ^ - • /V ^ 

haves a marked erosive elleet 
MofuiNts upon the rocks over which thc'y 
pass. But when the snow only 
creeps slowly downw'ard, and more 
snow is continually being dc'posited 
higher up, it. slow'ly compacts it.self 
undiw the pressure of the upp(?r layers 
and passes first into the condition of 
what in Switzerland is called were, or 
firn\ later on its separate grains are 
sciucezed together, and the whole mass 


transported by rivers. 

sary consociuincc that all lakes without lOKeu.e., mxu .uo 

an outlet must eventually become salter 68. diaoram of compact crystollin.! tee. It 

and salter, since the amount of water ‘■‘'ACIbb.siiow- 

in them is kept practically constent mo typical f„rmed. Like ordinary rivers, they 
by evaporation, which docs not affect moRAINB.s 
poured 


by 


into them, 
the Jordan, and 


ritly 

The Dead Sea, thus fed 
the Great Salt I.iake of Utah, are well known 
examples. In this way, also, though much 
less appreciably than by mechanical transfxirt, 
rivers are always at work removing solid matter 
from the land and wearing down its general 
level. In return, as we shall see directly, it 
iQ largely to this same work that wo owe the^ 
building up of hew continents. . 

Glaciers. A glacier is similarly a rivef of ' 
ice which performs the work of erosion cm the t 
land in much the same way as an ordinary 
river,' though there are well-marked differences 
which :^aUo the geologist to distinguish the 
work of a glacier from that of running water. 
Water assumes the solid form of ice at a 



67. STRIATED BOULDER IN SITU, IN LOW CLIFF 
OF BOULDER CLAY. DIOANWY. CARNARVONSHIRE 
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sc(jk the direction of greatest slope, gravitate 
thus to the gorges and valleys of the hills, 
Mild move steadily downward. We .are aoeiis- 
loiiied to think of ii^e as a solid and rather 
brittle substance. But under the considerable 
pressure exerted by its own weight in grt'at 
masses it is cajiable of ilowing like wafer, 
although much more slowly and with far greater 
visoosity. 

Glacier Motion. A glacier is continually 
in motion like a rivi'r. though its motion is so 
slow that it was only detected wlum science was 
called in to study Alpine phenomena [see page 
2911]. If a row of stakes be driwui into th<‘ ice 
right across a glacier, in the course of a few day« 
it will be found that tlu* whole line has moved 
downwards in retcrence to lixi'd stakes on the 
rocky banks, and also that the line is no longer 
straight, but has devc'loped a curve, which is 
convex downward. In other words, the ice in 
the centre of the glacier 
moves faster than that 
of the edges, just as 
hapjiens with the water 
of a river ; and in both 
cases it is the friction of 
the banks which ac- 
counts for this [47]. 

As a rule, the motion 
of the ice is slow, luung 
about one or two feet a 
day in the Swiss glaciers, 
though in the glaciers of 
Greenland the rate of 
motion is sometimes as 
much as 50 or lOO ft. in 
the twenty-four hours. 

'Phe ice adapts itself 
like a ])lastic5 fluid to the 
irregularities and curves of the bed in which it 
moves. In eonsequenec of the bending which it 
urubugoes in moving downwards along an 
ordinary valley it is constantly cracking into 
which sometimes swallow up moun- 
taineers. Thesis crevassc's kce[) reuniting and 
changing in position [54]. 

Jf the glacier comes to a precipice in its down- 
ward coursi? it flows over in an iae-Jall, w'bieh 
is all splinters and pinnacles, and corrc'sponds 
to a waterfall in a river. 'Phe steady How of ico 
is largely due to th<^ phcnoincnoii known as 
mjelation [see Physk s], wdiich consists in a 
constant momentary melting and refreezing of 
the ice, due to changes in pressure. 

Glaciers Transport RocKs. As the 
glacier travels downward it does a great deal 
of geological work. It transports a large bulk 
of rocky fragments and detritus ; it erodes the 
bed in which it travels ; and ultimately it heaps 
up vast deposits of d6bris at its lower extremity. 
It will be obvious that the fragments of rock 
which frost and other agencies break off from 
the banks of the glacier bed fall upon the surface 
of tlio ice and share its motion downward toward 
the valley. They are naturally ranged along 
each side of the glacier, and there form two long 
b(‘ds of stones and fragments, which are known 
as moraines [5SJ. If two glaciers meet where 
2760 ' 


their separate valleys converge, two of their 
lateral moraines coalesce, and are carried dow n 
the (icntre of the larger glacier thus formed ; 
this is known as a central moraine [56]. 

When the glacier travels down the valley 
helow'^ the snow-line it reaches a spot at which its 
ice melts away in f h<' w^armer air. and tho glacier 
there ceases or gives birth to a river. Tt is at t his 
spot that all llie roeky fragrmaits which have 
been broiight flown by the glacier are heaped 
up in a vast accumulation which is known as tho 
terminal moraine [56J. The moraines of ancient 
glaciers are very common objects throughout 
the whole of Northern Europe, showing that at 
one time a vast accumulation of ice covf'red tho 
wdioh? of tliis region. 

Glacial Erosion. A glaiuer is also a 
povvfuful agent of erosion. Th<‘ icc* in its down- 
ward movement rasjis and grinds along its bed, 
and aets as a iiloiigh. Kurt her. a great many of t he 
stones w'hich fall upon 
t 1 m' surface of the glacicT 
tumble into crevasses, 
and sink down to tho 
bottom, wdiore they are 
fro/t ii into the lower 
})art of the ice and 
flragged along, scratch- 
ing and eroding the sur- 
facf* of the ground 
bfuieatli. ('Onseqiiently, 
the bed of an ancient 
glacier [50] is charac- 
terised by rooks which 
are o 1 i s h e d a n d 
roiind(‘d, and at tlu' 
same time considerably 
scratched, or striated 
[571, the seratehes all 
running in the Llirection — that in wdiich 

th(‘ glacier fornuTly moved. They are caused by 
tho fr.agm(*nts of rock which were frozen into 
the lowiu’ part of tlie.glacier, and served as teeth 
to its puw'fu’ful rasp. The underlying rocks are 
only suptu licially scratched, and pn'Sf'nt a gener- 
ally rounded aspect, because all their edges and 
angles w^ero planed oft by the ])ow'erfuI (iressurc 
of the ice-.shcet, often hundreds of feet in thiek- 
ne-ss, Krom their resemblance in contour to the 
backs of shoe}), such rocks [52] ans frequently 
known as ruches monlonnees^ or grey wethers. 

Sometimes huge boulders, which may contain 
many tons of rock, fall upon the surface of a 
glacier, and are transported by it to positions 
far removed from that of the parent rock, and 
the existence of such wandering^ or erratic, blocl's 
[51 1 is always the sure indication of the former 
existence of a glacier. Whore the land has once 
been covered by a sheet of ice there*ls often left 
behind a characteristic deposit known as till, 
or boulder ‘day. This consists of a stiff clay, 
hardened from the fine mud which the glacier 
rubbed down under its enormous pressure, 
thickly filled with the larger or smaller rocky 
fragments or boulders. The whole of our islands 
was once covered by a vast sheet of ico, and traces 
of glacial action are found .scatt(;red widely over 
them, W. E. GARRETT FISHER 
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The Materials and Tools for Patterns. Pattern Making. Moulding 
Tools and Practice. Beddlng-ln. Turning Over. Sweeping. 


PATTERN 

W E are now in a position to consider first 
the methods of pattern construction, and 
then the broad systems of motilding adopted. 

The Pattern. The pattern must bo con- 
sidered from two principal points of view — that 
of its method of construction and maintenance 
of form (matters which it has in common with 
wood-working generally), and that of its mould- 
ing, or facility for delivery from tlui sand. It is 
the last named which separates pattern-making 
as a trade from carpentry and joinery. 

. The Materials. It is obvious that main- 
tenance of form may be secured in one of two 
ways, either by employing a non-jx'rishablo 
material, or by adopting those strong methods of 
construction which arc practised in the wood- 
working trades generally. Both are employed 
in pattern-making. Articles of small and 
moderate dimensions, from which hundreds or 
thousands of moulds have to be taken, are made 
in metal, while others — namely, those of largo ’ 
dimensions, and those of any sizes from which 
comparatively few castings are required — are 
constructed in wood. Those last include by far 
the largest numlK*r. 

Timber. Then, as there are different kinds 
of timber, some stronger and more durable, 
some less given to warp and shrink than others, 
selection is made from several sorts to suit 
different classes of patterns. Yellow pine and 
mahogany are chiefly used. Other woods arc 
occasionally employed, but not to any con- 
siderable extent. Yellow pine is suitable for large 
patterns, maliogany for those of small size. Both 
woods must, of course, Ix) well sc^asoned, and 
tho straighten the grain and soimdcr the stuff 
the better. The choice of yellow pine as tho 
prhicipal material for pattern-making might 
seem to be objectionable on account of its 
softness and opt;nnes8 of grain, ns Ixnng ill- 
adapted to stand tho rough usage of the foundry 
and to resist the action of tho moisture in the 
foundry sand. 

But in patterns properly constructed these 
objections have little reality in fact, for they are 
protected from excessively rough usage by tho 
insertion of rapping and lifting plates, and the 
porous grain is protected w4th varnish or 
paint. And, on the other hand, these {wssible 
evils are much more than counterbalanced by 
the advantages of moderate price, straightness 
of grain> workability, and fajr capacity for re- 
sistance to heat and moisture. And, further, ' 
many patterns are moulded from only once, or a 
few times,' and for- these pine is amply good • 
enough. For patterns which arc to have a very 
large number of mouldings, and of not excessive 


MOULDING 

dimensions, there is always the harder hut more 
costly mahogany available. 

Tools. Being a wood-w'orking trade, the 
tools used are nearly identical w'ith those 
employed by carp(‘nters, joiners and others. 
Tho principal oiu's will be found illustrated 
in tho series devoted to Carpentry and Joinery, 
while underlying priiiei])les of tluMr di'sign 
are treated in the s-ries on Tools, so that only 
a hare list of pattern-makers’ tools need bo 
off<‘red here. Th(‘y are tlui following : 

Saw's. Hand, tenon, dovetail, bow, com- 
pass, and keyhole. 

Planes. Jack, trying, smoothing, rebates, 
and rounds. 

Chisels. Paring. IJ, IJ, 1, J, J, J in. ; 
firmer, U, 1, J, | in. 

ComjES. Paring, flat, U, I, J in. ; middle- 
flat, 1}, J in.; quick, 1], 1, J, J, J in.; lirmer, 
li* l.i» h 1* J » which may be added 
a few^ bent gouges for core- box work. 

Turning Tools. (louges, J, \ in. ; 
chisels. If 3, J in. ; side tools, right and loft 
handed, J, J in. ; round noses, J, j in. 

Boring Tools. Brace and set of bits, 
half-dozen gimlets, half-dozen bradawls. 

Measuring 'Pools. 2 ft. standard rule, 
2 ft. iron contraction rule, 12 in. try-square, 
in. try-square, two set squares, bevel, 
two pairs of trammels, largo and small ; 
wing compasses and spring dividers, two 
small marking gauges, and a panel gauge. 
Two pairs of callijxirs, one in.side, one outside. 

Mi.scellaneoits Tools. Hammers, light and 
heavy ; w'ooden mallet, two screwdrivers (one 
large, one small), drawknifo, axe, spokeshave, 
hone, two gouge slips. A somewhat smaller 
Bisection will suffice for a begimiing. Many 
w'orkmen will double the numlwT. Tiiis is only 
a representative selection, and no more. 

Machine Tools. The machine tools 
used in patt/crn shops embracje latlu^s, circular 
and band saw^s, planing machine, trimmers, 
anti sometimes a sjxcial apparatus for the Slotting 
and sharpening of circular and band saws. 
So much of economituil working necessarily 
depends on the employment of the machines 
that even in. small shops employing only half- 
a-dozen hands these should find a place. There 
should be oven in these two or three latlies, 
ranging in dimensions from 5 in. to 10 in. ctmires, 
one of which' should properly be a face lathe, 
also a circular saw, either of the common tyix?, 
or of the dimension kind, the latU'r lx.?ing 
preferable where one saw-table only in used, 
a band-saw of light construction, with wheels 
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of not leas than 2 ft. 6 in. diameter, the width 
of saws to range from f in. to 1 in., and one plan- 
ing machine, being either a surfacing machine 
or a thicknossing macliine, or both in combina- 
tion, All these machines should bo under the 
cliarge of one man, as increased efficiency is 
tliereby obtained. 

The Pattern : Its Permanence of 
Form. There are fiv^o principal methods by 
which permanence of form is secured in patterns, 
— open joints, boxing-up, halving, lagging up. 
and segmental construction, each one iMu’ng 
adopted in different classes of work, and two 
or more often being combined in one piece. 
Their necessity is due to the treatment to 
which patterns are subject, of moisture in the 
sand, and of dryness out of the sand and in 
the stores. 

Open Joints. These fill a valuable place 
in pattern work. The necessity for their use 
occurs in wide pieces. If, for instance, a piece 
of board bj b in. or 8 in. wide it cannot 
shrink or expand much under changeful hygro- 
metric conditions. But if, say, 18 in. wide, 
or if a broad pattern of 8 ft. or 4 ft. in 
wddth be glued up like a table- top, it-s width 
will be constantly changing, according as it 
is in or out of the sand. Th(‘se (jhanges are 
minimised by using narrow strips with joints 
o{)cn to the extent of hi. or J in., in which 
space the movoiiKjrits of the btiards are localised. 
Fig. 53 shows a broad plating witli open joints. 
Tlio separate pieces are often dowelled, and thtiy 
are retained flat by the other parts of the 
pattern on wliich they are fastened. 

Boxing«up. This is prohTable to making 
largo patterns of solid timber, for three reasons — 
first, hecauso shrinkage is lessened ; secondly, 
because timlier is economised ; and thirdly, 
because the weight is reduced. Patterns are 
boxed up by nailing or screwing top and bottom 
sides to cross bars [63 and 54]. There is a right 
and a wrong way of doing this. The right 
way is to carry the sidt^s up, as in 63 and 54. 
The wrong way is to bring top and bottom 
right across, as in 65. The reason for this 
difference is that when the top or bottom 
slirink or swell they cause overlaps, which tear 
the sand up. 

In wide, boxed-up patterns, the top and 
bottom are made with ojx'n joints [63]. 

Halvings. Halvings [56] till a largo place 
in pattern work, as they do in carpentry. But 
they are employed more frcqui^ntly in the 
former trade, being adopted in most coses where 
tenoned and mortised joints would be made 
by the carpenter and joiner. They are more 
easily cut, and are substantially as serviceable 
for patterns, besides which they have the 
very great advantage of permitting subse- 
quent alterations in patterns, which fill a large 
economical place in the trade. 

Halvings are adopted when framings have 
to bo constructed for which the crude device 
of cutting out of solid board would involve 
short grain. A single example of a halved 
frame, typical of himdreds of variations in 
outline, IB given in 56. With the halving a 
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dovetailed form is frequently combined (A) 
to prevent all risk of the joints opening. 

]Lagging»up. This is adopted in cylin- 
drical pieces, os pipes, columns, and engine 
cylinders, wlicn the diameter exceeds 4 in. or 5 in. 
The “lags'* [57] are narrow strips laid round on 
cross bars and glued thereon, and also by their 
adjacent edges. The object is the same as in 
the preceding examples — namely, to localise and 
lessen the change of form. Solid stuff would 
curve on the joint faces [68], with loss of the 
truly circular form, while in a lagged-up pattern 
changes duo to desiccation and moisture are 
localised. How this method is embodied in a 
pattern column is sliown in 59, which represents 
such a half pattern laid open in the joint face, 
with the c'.’oss bars to which the lags are 
attached. Methods of fitting flanges, end core 
prints, and mouldings are also indieaUid. 

Segmental Construction. This is 
an exceedingly important detail of pattern- 
work, being adopted for lu^arly all jiattcrris of 
BweejXKl and annular form, such jus ciirvi^d 
portions gimc rally, and for the rims of wheels 
and pulleys of all dimensions. In principle it 
is paralleled by the disposition of bricks in a 
wall, in superimposed layers, with end joints 
alternating. The segmimts are sawn out, 
jointed, gluts! in layers, and frequently 
strengthened by the iiismdion of >voodtn pegs. 
The latter would not be employed but for the 
fact tliat the rough usage to which patte/i’ns are 
subjected in the foundry and the moisture 
of the sand arc in tim(‘ liable to overcome the 
adherence of the glue alone. 

Example of Segmental Work. A 
typical example of segmental work is that 
afforded by the ring [60J, for any common wheel. 
It is easy to see what would liappen if such a 
ring as this were made of solid wood. How- 
ever hard, close grained, and well seasoned it 
might be, it would not only beeome. (elliptical 
by the alternate wetting and drying to which 
it is subjected in the foundry, but tlue short 
grain would snap, and the pattern be falling to 
pieces before half a dozen moulds had be(m 
made from it. But being built up, there is 
no tendency to dcjiart from the circular form ; 
the only shrinkage which can take place Ixjing 
of a local character — nam(‘ly, in the width of 
each individual segment, and in their thicknesses, 
the amounts of which are almost inappreciable. 

Each glued segment binds its fellow, and the 
wheel is as strong as a wooden structure of this 
form can possibly be made, while the applica- 
tion of varnish ijrevents the glue from becoming 
moistened and working out of the joints by the 
action of the damp foundry sand. The drawing 
[61] illustrates the commencemeftt of the 
building up, the first segments being glued 
to the face plate with paper joints. A pattern 
of a sheave pulley built up in this way is shown 
in plan, and half external view and half sectional 
view in 62, with its dividing joint along dt— a. 
The arms, also divided, it will be noted, are 
made of three separate pieces, lap-jointed 
together with “ halvings,” and are therefore 
strong, grain being straight in each. A 
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63. Example of open joints and boxing iip 64. Boxlng-up 
67. Lag(?cd-up column 68. Warpinj? of solid timber 69. 
60. %ng’ built In segments "61* Beginning of the work 
segments 63. Pipe pattern, jointed along the centre 64. 
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66. Improper method of l)oxing-up 66. Halvings 
Complete pattern column lagged up, with attachments 
62* Complete slukvc-pulley pattern, built up in 
Unjointed pipe pattern 65. Iron pattern, unjolnt«d 
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built-up wheel is the perfection of pattern work, 
and will stand moulding from hundreds of 
times. 

Metal Patterns. We have already 
mentioned the fact that metal is used for some 
patterns in preference to wood, with the reason 
for its employmtmt. Cat^t iron, brass, white 
metals, are pressed into 
8 <*.*vice. Always in such cases 
a pattern of wood or of 
plaster has to be made first, g 
having double shrinkage, one & 
shrinkage for the metal pat- 
tern, the other for the castings 
moulded from the latter. 

Generally, too, allowances 
must be made on the metal 
pattern for filing or tooling, 
to produce surfaces smooth 
enough and sufficiently 
accurate for moulding from. 

Lead and leather are both 
used frequently in patterns, 
the first-named for those 
which have to bo of curved 
and awkward forms, the lead 
pattern being us(‘d from wliich 
to mould one in iron or brass. 

Also, the two materials are 
employed largely for lining up 
and thickening portions of 
patterns to effect slight alter- 
ations in them. 

Varnish. Patterns are 
varnished to protect them 
from the moisture present in 
the sand, to preserve them, 
and to facilitate their with- 
drawal. A plain shellac and 
spirit varnish is generally used, 
in its natural yellow colour. 

Sometimes lampblack is mixed 
with it, and used on core 
prints to distinguish them 
from the other por lions. Large 
cheap patterns are sometimes 
seared with a hot iron. I.arge 
pattemu for permanent use 
are sometimes protected 
with two or three coats of 
oil paint. 

Jointing Patterns. 

We will now consider the 
pattern from the point of 
view of its delivery from the : 
sand. This, as has been 
illustrated in the two pre- 
ceding articles of this course, 
involves the great question 
of jointing. • 

An observant youth on 
going into a pattern shop 
or a pattern stores for the first time would at 
once bo struck by the foot that very few of the 
patterns were whole or entire. The bulk of 
them, piohably nine-tenths of the total number, 
ore pieced up, jointed in some way or another. 
Sometimes t)iey are divided down the centre 
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only, into two symmetrical halves; sometimes 
there are several divisions, in planes parallel 
with each other. Or the pattern, as a whole, is 
unjoInted, but subsidiary portions are jointed in 
a loose and readily removable fashion. But in 
all cases means are taken to preserve the duo 
relative positions of the several parts, so that 
when in their proper . places 
with closed joints there is no 
risk of those relative positions 
being changed. The means 
employed to preserve these 
relationships are seen to be 
pins, or dowels, dovetails, and 
skewers, or wires. 

Reasons for Jointing. 
If, from the pattern shop the 
student goes into the foundry, 
he soon learns the reasons for 
this jointing — that without it 
there would, in many cases, bo 
no possibility of withdrawing 
the patterns without produc- 
ing violent disturbance and 
fracture of the sand, quite 
destructive of its accurate 
shape and outlines. He sees 
that the joints in patterns, and 
in foundry boxes and moulds 
generally, correspond, but that 
in others they do not, except 
in an appi’oximato ftishion. 
In this way he learns the dif- 
ference between the plain and 
obvious joints of boxes, and 
those of sloping joints, draw- 
backs, and rings of sand 
carried on grids. In many 
cases, also, though joints are, 
not absolutely necessary for 
the proper withdrawal of the 
pattern, they are seen to be 
nevertheless desirable, either 
for the easier cleaning up of 
the mould, or for the insertion 
of cores or to save ndditiond 
jointing of moulding- boxes. 
Further, he observes the reason 
why dowels, dovetails, and 
skewcTs are employed, since 
without them the pattern 
; sections would become 
moved relatively to one 
• another in the mould by the 
process of ramming ; hence 
l*i ; he will conclude that proper 
’■ jointing lies at the very 
foundation of the art and 
trade of pattern-making, 
and that there is only one 
reason for the jointing of 
patterns — ^namely, to facili- 
tate the clean withdrawal of the pattern sectiona 
from the mould. 

Varieties of Joints. The plainest and 
commonest joints are those which coincide 
precisely with the joint of the mould and 
of the moulding-box. Hus type of pattern 



— nj— 

jp. 






VERTICAL SECTION THROUGH MOULD 
OP BRACKET PATTERN 



QROUP 20-MIECHANICAL BNQINECRINQ 


is represented by the cylinder, pipe, or 
column, jointed longitudinally down the central 
plane or axis. This divides the pattern into 
symmetrical halves, one of which goes in -the 
bottom, and one in the top box. Fig. 63 is a 
pattern of this type, jointed and dowelTed in the 
plane a — a. Nine-tenths of patterns of this type 
used for jobbing and casual orders, and largo 
quantities for standard Avork — those of very 
small diameter excepted — are jointed in this way. 

The exceptions to the common practice are 
several, but may be included under two heads, 
as follows : Patterns unjointod, being so made 
with a view to economy, and pattc‘rns made 


brassfounders do much less jointing than iron- 
founders, employing bottom, or joint boards, 
by which the labour of making sand joints by 
hand afresh for every mould is saved. Fig. 6i6 
shows a pattern made of iron for producing the 
same moulds as 63 and 64. It is (Mist hollow, to 
lighten it, and the top flange, of wood, is loft 
loo8(\ Such a patt^'rn is generally turned 
smooth in the latlie. 

There is a good deal of give and take in mould- 
ing and pattern making. The bracket paiUirn 
[66 — 68] illustrates the fact that patterns and 
moulds alike might be equally well joint-ed in 
three difTcu'cnt ways, and this is only tyjAical of 



70. Small bench rsunmer 71. ( leaner 72. CUMiier in iixe 73. Anotlier form of cleaner 74 and 75, Boss 
tool 76. Flanjft* head 77. Trowel 78. *S(jUttre-coriicr sleeker 79. Jlound-eorn(‘r sleeker 80 and 81. ripe 
smoothers 82. .^(lunru-eorner sleeker 83. Button or haeea-hox smooUuT 84 and 85. Vent wires 


unjointed either in order to prevent risk of lap- 
ping joints in their castings, or to maintain the 
maximum strength possible. Thus, the pattern 
is often made as in 64, solidly, but leaving the 
top halves of the flanges loose, for reasons given 
in a previous section. In 63 the pattern joint 
coincides absolutely with that of the mould ; in 
64, the two only match at the jointing of the 
flanges, yet the joint of the mould must be 
carried along the central, or longitudinal, piano 
of the pi|^, just as in 63. 

Jointless Patterns. This device of 
making patterns without joints is adopted 
generally in those • made of metal. The 


alternatives in piwdice that are for e ver occur- 
ring. The drawing.s arc almost sc^lf-cxplanatory. 
In 66’ the jointing of pattern and mould alike 
takes place in a horizontal piano that coincides 
with the exact centre of tlu? hracket. In 67 
the joint is made on the top fact^ of tho main 
web, the advantage of which is a slightly st ronger 
patteni, because tho web or plated is in om^ 
thickness. In both cases the portions A A 
come in tho top box, and B B in tho bottom. 
In 68, the top rib only is dowelled loosely, and 
here the rib is the only portion that is left in the 
top. The mould joint, instead of being in a 
strictly horizontal plane, follows tho outlines 
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set vertically, having an edge cut to any 
required profile, and chamfered, and fastened to 
a spindle sX a certain definite distance from the 
centre of rotation — works in loam are commonly 
struck or swept thus — or, secondly, by the revo- 
lution of a horizontal core- bar, with its covering 
of haybands and loam against a similar boarej 
laid on trestles. Cores are struck up in this 
way. Or, again, by the guidance of a templet 
or strickle against the ed^ of a plate, or a rod 
of iron, either cores or loam patterns whose out- 
lines' are not symmetrical in the longitudinal 
direction are readily struck up. In each case 
the pattern-makers^ work is almost nil, while 
that of the moulder is rendered more responsible. 
The importance of an intimate knowledge of the 
entire dStails of sweep- work, including the choice 
of the best and most economical methods of 
striking up, the most practicable details, the 
conditions under which moulds and cores must 
be made is therefore indispensable. 

Green Sand Sweeping. Figs. 89 and 90 
llustrate how a mould is swept up in green 
sand. It is a largo dished cover, the pattern for 
which would bo expensive, but the boards would 
cost little, while the time occupied in sweeping 


board or boards is a mere trifle, and is not 
affected at all by the question of diameter, that 
being then a question of moulder’s labour and 
not of pattern work at all. The question of rela- 
tive cost between striking-boards and complete 
patterns would be usually one of a few shillings 
versus many pounds. 

Examples of Sweeping«up. Fig. 91 
illustrates the sweeping up of a core A, for a 
fusee drum, against a board B; C being the 
core -bar, pierced with vent holes. The out- 
line of the pattern is seen marked upon the board 
as a guide to the moulder in setting the core in 
place. This device is a good one to adopt. 
Fig. 92 shows a core in section for an air vessel, 
with its board. Tlie central core- bar is seen 
to be encircled with plates to retain the hay- 
bands, on and among which the loam is plastered. 
The end plates have prods to carry the loam 
there. Fig. 93 is a column pattern swept 
in loam against its board, the board being 
shown withdrawn away. Hero the top and 
bottom flanges are made separately in wood, 
an<l slipped on the loam body. The iron bar 
neen projecting at the ends has journals turned 
on it to run in the core trestles. The body of the 
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loam is built 
up on plates 
and hayropes 
as in 92. 

Work which 
is in the main 
symmetrical, 
as in 93, often 
includes 
other attach - 
ments of 
more or less 
irregular 
outline to be 
made as 
separate 


need not be much greater than would be spent 
in moulding from a pattern. 

Two striking-boards are required. A in 89 
sweeps a dummy mould upon which the top box 
is rammed ; B then is substituted to strike the 
bottom directly. Or the top might be swept 
directly by a board cut the reverse to A, the top 
mould Ix^ing then turned over on the bottom 
one. Or the convex side of the cover might be 
moulded downwards instead of upwards. 

Cylindrical Sweeping. Cases that are 
always occurring are the sweeping of cylin- 
drical cores, loam patU^ms, and loam m( 3 ulds, 
witli or without extraneous fittings. In each of 
these, loam is struck against the edges of boards 
which are the coimterparts of the forms struck, 
or the profile boards ore worked over the loom. 
In the making of wooden patterns or core boxes 
of large dimensions, all intricate and involved 
outlines, curves, and mouldings materially 
increase the expense of pattern work, often 
rendering it out of all reasonable proportion to 
the cost of the castinjg or castings required. 
But the expense of catting the striking ed^ of a 


parts and 

fitted to the struck-up pattern, core or mould. 
The flanges in 93 arc a mere nothing in 
comparison with the fittings to, say, a 
hydraulic cylinder. Sometimes those are so 
numerous that it becomes a question whether 
in view of the time occupied in making and fitting 
such pieces to the circular portion of a mould 
—with the possible risk of their becoming 
displaced— it is not cheaper to make an entire 
pattern of wood. Such jobs do occur frequently, 
occupying the border-line between economical 
and non-economical striking up of work. 

Sweeping in Loam. This involves the 
employment of bricks as a skeleton framework 
to support the loam, and the use of iron rings 
to carry the bricks. This is a distinct branc^f 
moulding, involving very different methods 
of treatment from those of green sand work, 
and it is usually practiced by men who do not 
work in green sand. The main outlines of the 
moulds are produced by means of a board or 
boards having chamfered edges, and attached 
to a contra! bar turning in a socket. In many, 
or in most oases, ihm will be portioiis that 
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cannot be swept, but for which pattern pieces 
will bo wanted, and these are embedded in the 
loam, being set by measurement, and so con- 
structed as to be readily withdrawn after the 
loam has become partially or wholly set. 

The brickwork skeleton or framework of a 
loam mould which forms the backing for the loam 
is cemented together also with loam, and the 
spacing of the joints is left wide to permit 
of due shrinking of the mould, and of sufficient 
venting spaces. 

In situations 
where the shrink- 
age is consider 
able, or where it 
is necessary to 
cjit away por- 
tions of the 
mould, or where 
a portion of the 
mould has to be 
rapidly ri'moved 
foon after cast- 
ing, loam bricks 
— that is, loam 
moulded in tlie 
form of bricks 
and dried — are 
used. 

Loam moulds 
generally make 
the best east ings, 
because, owing 
to the moulds 
being thoroughly 
di*y, there is 
much less gas 
generated than 
in green sand 
moulds ; and the 
surface of the 
mould is hard, 
and therefore 
better able to 
withstand pres- 
sure of motal. 

Cylinder 
Moulding in 
Loam. Figs. 

94 to 97 illustraU; 
the moulding of 
a plain cylinder 
in loam. Tho 
socket is seen 
at A, carrying 
tho striking bar 
to which tho 
boards are at- 
tached. The plates, bricks, and loam are all shown. 
Briefly, the sequence of o^xirations is as follows : 

The base of the mould is the plate (B in 94) 
prodded, and which, being bricked over, receives 
the loam, swept to outline with the board (C) 
that forms the bottom flange. This is then dried 
in the stove. Upon it another plate (D) has 
to be carried to sustain the outside of the mould, 
and this plate has to be swept over on both sides. 
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the lower side to make a joint with the loam on B. 
This involves sweeping, drying, and turning 
over into place in order that the outer mould shall 
be built up on it, in which position if is shown 
in 96. As tho loam would tumble down and 
fill up the flange already swept, this is temporarily 
filled with sand [95] during the building up of the 
•bricks on D, and the sw coping of the mould with 
the board (E). This is then dried while the 
core, and the top, or ooi)e, is being swept. The 


core is built around bricks on a plate [96] with 
lifting eyes, by tho sweeping board (F). The 
cope is Bw^ept up similarly to the bottom [94], 
and dried and turned over into place, after tho 
insertion of the core [97], completing the mould. 
Tho top and bottom i)latcs being clamped 
or bolted together fasten the mould securely, 
and tho annular pouring basin is made within 
an iron ring on the top plate [97]. 

JOSEPH Q. HORNER 
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German : Pronouns and Strong Ve bs. Spanish : The Use of the 


Subjunctive. French: Relative 

GERMAN By 

XLVl. Relative Pronouns. Those are: 

(a) t)cr, bie/tvitJ, ^ who, which, or 

(b) U'eld;er, / that 

(c) U'cr, who, wlmt 

They refer to a person or matter already men- 
tioned, and help to form t/he relative clause. 
Kxamplea : ic^ fat) eincu 'llianu, ter (or \vetd)cr) 
fin (McU'et)r tru^, I saw a man who carried a rifle ; 
auf bent Xifd)e ftano cine 5lafd)c, )vcld)e leer irav, on 
the Uihle Stood a bottle which was empty, etc. 

1. The pronouns (a) Uike the inflections of the 
demonstrative pronoun ber, bie, baefsec XXXV.] ; 
hut the genitive plural of the relative pronoun 
is always bcrfii. 

Singular. S ngular. 

{a) 1. bcr. tie, ba<J (&) 1. U'cld)cv, U'cld)c, ivdd)c«5 

2. beffen, beven, 2.U'ilcl)c<?(, ircld)cr, )ueld)e^ 

bfffcn 3.U'cld}cm, undther, 

3. b«m, bev, bem U'cldKm 

4. ben, bie, bail 4. U'c(d?cn, U'dd^o, ire I d)cS 

Plural. Plural. 

1. bic 2. bo re It 1. U'.ldic 2. n'cld'or 

3. beneii 4. bie 3. U'ctd()eu 4. ireldie 

The genitive singular lvc(d;c^, iretdicr, ircU1)c^, 
is antiquated and generally replaced by b e ffen , 
b er on, beffeu. Similarly the genitive plural 
ir e t d) c r is always replaced by beven: bai^ .Uinb, 
beffen C^ltern idi fcunc, the child whose parents 
1 know ; feunen 3ic bic Srait, b even .Uiub fvanf ill? 
do you know the woman whose child is ill i 
'hliv bci^rujitcu bic >2clbatcn, b c r c u 'tUcvbe flaub'bcbcift' 
iraren, we greeted the soldiers whose hors<*8 
were covered with dust [dust-covered], 3n ben 
’iU'rplflen, beren fid) (5iutlanb evfrcuf, itcl)cvt bic vtufe 
flcci^ra'jifd'c iJa^c, one of the advantages which 
England enjoys, is her good geographical 
position [literally : to the advantages, of which 
England enjoys, belongs her good, etc.], 

(c) The declension of the relative pronouns ircr 
and iraiJ follows that of the iiiterrogativ'e pro- 
nouns similarly pronounced [see XXXIXJ. 'ill c r 
is used instead of bfV]cnu^f, nuld)er (he who), 
and IV ail instead of baiiicniv^c, irclc^ce (that which) : 
'liler ancjteift, bcfubcit fid) (proverb), who 

messes with pitch may dirty himself. (STtrai^cn 
mu§ man, lva6 ber<^>iinmcl fenbet, one must endure 
what Heaven sends [decrees]. 

2. 3’he choice of iv c I d) c v or bcr dej)ends 
chiefly on considerations of eupliony ; but the 
relative pronoun bcr, bie, b a i< must bo used 
where the relative clause refers to a personal 
pronoun ; T)n, b e r mid) fennf, thou who knowest 
me ; jtc, b e r ic^ fagfe, she to whom I told it, 
etc. Sfilelci^cr, tvcl^e, u>eld)C« are also u.sed as 
attributive adjectives : (It fanbte nnd ^(umen, 
nvl(^e jarte Slnfmerffamfeif und mit Stcubc crffifite, 
he sent us flowers, which delicate attention 
filled us with joy. 

FRERCII, GERMAN, SPA 
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and Interrogative Pronouns. 

P. G. Konody and Dr. Oaten 

XLVII. Indefinite Pronouns. 

man, one, people chva?, something 

jemanb, somebody nid)tG, nothing 

niemanb, nobody finer, one, someone 

jcbcvmann, everybody feiner, no one 

jcber, everyone 

9)? a n is only used in the nominative and is 
replaced in the other cases of the singular by 
the corresponding cases of cin or finer (one), 
which is declined like the indefinite article : 
2. finfi\ 3. fincm, 4. cinen. Semanb has the 
same dijclonsive terminations : 2. 3. -cm, 

4. -fu ; i c b c r tn a n n and n i c m a n b take an -G 
in (he genitive and remain unaltered ii\ the other 
cases ; niemanb may also take -cm in the dative 
and -cn in the accusative ; finer, feiner, icber 
are tleclined like the demonstrative pronoun 
biefer, -e, -cii [see XXXV]; etivaG and nic()l^ 
are not subject to declension. In poetic 
language the abbreviation tvaG is sometimes 
used for efmai^: finb pi (ct)n'ai5 93ff(crfm 

rtfboreii, we are born for something better. 

Tablk of all Pronouns. 

1. Personal id), bn, cr, fie, e^ ivir, i()r, fie. 

2. Possessive mein, bein, fein, il)r, iinfcr, cner, i^r. 

3. Demonstrative bcr, bie, ba^; biefer; jencr; fcldjcr; 

berienu^e ; bcvfelbe. 

4. Interrogative tver, ivad ; U'c ld)cr ; ivaG fur ein. 

5. Relative ber, bie, ba<?; mdd)cr; mer, mai^ 

6. Indefinite man, jemanb, niemanb, iebermann, 

flmaei, nid)(it finer, feiner, icDcr. 
XLVIII. Strong Verbs. The strong verbs 
on imge 2761 with the stem-vowel -d-, -it-, -an-, 
-C-, -i-, and -ic change these in the imperfect 
and past participh; into -c-. , 

EXAMINATION PAPER 
Exeroisk 1 (On the use of the relative 
pronoun). 

to marry, ()fi'vatfn shipwreck, '©cfeiffbviKi&fm.) 

married, vfr()eiratet to perish, um'fommcn 

ill, franf to lead, fut)ren 

to meet, bcvijcv^'nfn goodness, (Mute (/.) 

generally, all'd^mein 

I know a man who quarried ; I spoke to (mit) 
tne> woman whose husband is ill ; these are 
children whom we met yesterday in the forest. 
Do you know the girls whose brothers are 
playing [play] tennis ? I met the woman 
whose husband perished in the shipwreck ; 
this is the boy who led me through the forest : 
he is a man whese goodness is generally known. 

Exercise 2 (a). Change the imperfect and 
past tenses into the present : 

3)er @o(bat tapfer; ber ©inb bemegte 

Tlie soldier fought bravely; the wind moved' 
bie3wfiae ber SSaiime; bcr @ennetiun'tergand bemoa mi(|) 
the branches of the trees ; the sunset induced me 

NISH, LATIN, ENGLISH 
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Infinitive 

Present Tense 

Imperfect 

TnAioni/htA oi/nrMi'iP 

Im r*E ra- 
ti ve 

Past 

Participle 








bctre'Qfii ♦ 

to move, induce 
to fight 

id? beu'fi3-e, -ft, -t 

ieb beu'Ci^ 

id? beu'bge 

hMiHg(c) 

bcircqeii 

fed^tcn 

„ fed)tf, pc^tfl, fid)t 

„ fed)t . 

„ fbd'tc 

jid’t 

gerrd'tcti 

pedHen 

to plait, twist 

„ fliebt 

„ fl od)t 

„ jli'cbtc 

fluid 

gefh'd'tcii 

bcb.ii 

to lift 

„ bfbo, bcbfi, bebt 

„ bi'b(l)ub) 

„ bbbe 

bcb(c) 

geboben 

mclfen 

to milk 

„ melt-i, -ft, -t 

„ moU 

„ lUL'lfe 

TiieU(c) 

gcmolfcrt 

Oflcaen t 

to indulge in, 
to be given to 

„ ppffl-e, -jl, -t 

Vflofl 

I'fli'fle 

i’fiM(f) 

gevflcgcii 

qttellrn :|: 

to well, to fiow 

,, qih'Ke, iiudift, duidr 

„ illiell 

ipiolfe 

quill 

gequcKcii 

ftbeieu 

to shear 

„ fvijcic, fd'cvft, fcbfrt 

„ dor 

„ fd'cre 

fd?cr(c) 

gefd'oreii 

fd)mcl^<u 

to melt 

„ (d}mcl^c,fcbmiljcft, 
fdpuili^t 

„ fd'mcl^ 

„ idjmi'li^e 

fd>mil^ 

gcfd?mcl^cu 

fd^ivcKen § 

to swell 

„ fcbti'cllc,f(banUft, 
fcbtrillt 

„ fdurell 

„ fc^trcKe 

fd?nn[t 

gcfdni ollcii 

n>fbeu 

to weave 

„ u\'b-e, -ft, -t 

„ wi'b 

„ ll'i'bf 

treb(e) 

gcu cbeii 

fiU'a^en 

to consider, pondei 

„ -fi, -t 

„ evUH'3 

„ evivbgc 

fnriiq(e) 

cm ogeii 

gal^vfu II 

to ferment 

-fl, -t 

„ 

M gol’ve 

gal?r(e) 

gegebreu 

fd;n\ucii 

to fe.'ster 

,, fd)tt»di‘-c, -ft, -t 

„ fddror 

„ fd?ii't're 

fdprvu*(c) 

gcfd'U'orcn 


to weigh, Imlanee 

” i ' 


M U'bge 

U'ag(c) 

gcu'ogeii 

bicc^fii 

to bend 

„ bi.'iV^ -ft, d 


,, bege 

bicq(e) 

gebi'geii 

bictcn 

to otter, tender 

„ bict-f, -eft, -et 

„ bt'f 

„ bote 

bici(e) 

gcboteii 

pifv^cn 

to fiy 

,. flifsVf. -If. -t 

„ flcii 

„ fli'ite 

fiitil(e) 

gefiogeu 

flici)cn 

to fiec, escape 

„ flici)'f, -ft, -t 

,, flol) 

fliM)t 

fiicb(e) 

gcfU'bcu 

fiicjien 

to flow 

„ fliep-r, -eft, -t 

„ rii'g 

„ flffte 

fiiffi(c) 

gefU'ITeti 

fricrcu 

to freeze, to be cold 

„ fti.v-f, -ft, -t 

frer 

„ fibre 

frifr(c) 

gefroreii 

^fbic'reu 

to command 

„ ^^ebict-c, -tfi, -ct 

„ o^thot 

„ gebbte 

gcbift(e) 

gebcteii 

gcnic'gm 

to enjoy 

„ i^fiiieg-c, -eft, -t 

„ ^eiicj 

„ genblfe 

qf»{ep(e) 

gcjU'iTeii 

^icgm 

to pour 

„ iiicH-e, -eft, -t 

»» tU'n 

»» gbfie 

qifi;(c) 

gegi'ffeii 


to glow 

„ -fi, -t 


„ glomme 

qlii)uu(e) 

gegUnitmcu 

fricd^eu 

to cree}i, crawl 

„ fried?-c, -jl, -t 

„ fil'd) 

„ fi bd'e 

fricd'(e) 

gcFrcd'cu 

vifd)cii 

to smell, 
to shove, push 

„ ticd>-e, -ft, -t 

„ vi'd) 

„ rbd'f 

rifd'(f) 

geveebeu 

fd^icbcn 

„ fcbicb-e, -ft, -t 

„ fd'cb 

„ fd’bbe 

fd'icb(e) 

gffd'cben 

fd)icjeii 

to sluiot. 

„ fdncp-c, -eft, -t 

fd'lg 

M fd'biTe 

fd'icp(c) 

gefd’offcu 

fd'licpfn 

to .shut , lock 

„ fcblie^-c, -eft, -t 

„ fd'k'J 

„ fd’lbpe 

fd’liff;(c) 

gefeblk'iTen 

ficbfii 

to boil, seethe 

,, fieb-e, -eft, -ct 

„ ett 

fbtte 

ftcb(c) 

gefctteii 

fprtf^en 

to sprout 

„ uniep-f, -eft, -t 


M fwfTe 

frricf;{c) 

gcfbioffcti 

fliebcn 

to scatter, disfierse 

„ ftieb-c, -ft, -t 

„ ftcb 

M ftbbe 

fticb(e) 

geftobeu 

vcvbic'tiit 

to forbid, prohibit 

„ verbict-c, -cfl, -et 

„ verbot 

„ vcrbbtf 

vcrbict(c) 

vevbotcn 

ttcrtric'pcu 

to vex, annoy, 
grieve 

rerbrieft 

ec revbvi'f? 

ec< vcvbrcffe 

— 

verbvcffeii 

I'fvlie'reii 

to lose 

id’ vnlicr-e, -ft, -t 

id? vcvUt 

id? veil b re 

i'erlifr(c) 

rcrtorcu 

jicbcn 

to luill, draw 

„ ^ieb-e, -fl, -t 

- 


<ic()(c) 

gc^cgeii 

bctnVcjcn 

to cheat 

„ berruive, -ft, -t 

„ betm^ 

,, betrifge 

l?etriii)(e) 

bciiTgcii 

furcu 

to choose 

„ fur-e, -jl, -t 

„ for 

fbre 

tiiv(c) 

gefiTcn 

rruc^m 

to deceive, delude 

„ tru^-e, -ft, -t 

» tre^ 

„ tvbgc 

tn'u)(c) 

getrogcu 

liimmcu 

to climb 

„ flinuttc-, -ft, -t 

„ fU'inm 

,, flbwtme 

llimni(c) 

gcflcmmcn 

faufeii 

to drink, tipple 

„ fauf-e, faufft, -t 

,, U'ff 


fanf(e) 

gefcffeti 


to suck 

„ faiivve, -ft, -t 

»» 


faug(») 

flffi'acu 

In the 

sense of “to induce,” bcu'Cv^u is strong : id) beU'ca tbu, I induced him ; in 

i the sense 

of setting ir 
was agitated. 

1 motion, it is weal 

e: tinr betregteii uiu% we moved; baei 'Dieec 

war betvegt, the sea 

t In tlie 

sense of to attend to, to carry on, 

to manage 

to indulge 

in, bfleqcit 

is strong; 

in the sense of to nurse, to tend, to cultivate, it 
ciple : 

is weak (imperfect : ic^ p f 1 e g t c ; 

past parti- 

J Weak in the sense of exposing something t 
peas were soaked* 

o humidity 

: bic (Srbfeu truvben geqitcllt, the 

§ Weak 
the brook. 

as transitive verb 

; bet fiic^eu ^at bn 

i auvgefc^meltt, 

the rain has swelled 

1 II Weak, when used figuratively: baiH 2anb ad brte, the country was ir 

a state of ferment. 

^ Weak in the sense of motion (swaying gently) 
fully in dancing. 

: (£ie triegte fid^ tmTai^e, she moved grace- 
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nm'.^nfetucii ; 9}laDd>eu I)at cincn Jtranj fteflocftten ; 
to turn ; tho jijirl has bound a wreath ; 
cr l)cb fcvux Raj; bic Sd^afer l)abcu 

ho lifted tho barrel ; the shepherds have 

bic ^d)afc ^cf(()oven; bie .ftnabcn 
shorn tho slioep ; tho boys fled ; 

bag 'IlhiiTei* fli'6 
the water flowed quickly. 

(h). Change tlie present tense into tho im- 
perfect and past. 

3ic j^etticjcn ntd;t bit (Ed^on^cit bcr fianbfcbaft; 
You do not enjoy the beauty of the landscape; 
bif ^d)lan^c fried)! iibor ben bag 

the snake crawls across [over] tho road; the 
'•Uk'iiTcr jicbet; bcr fd)ic5t tjovpu^fic^ ; 

water boils ; the gamekeeper is a splendid shot ; 
id) vcrlierc wein Wclb ; t)crbicte 3l)ucu bieg cnifti 
I lose iny money; I earnestly forbid you [to do] 
lid); bie ^Miimeu ricd)crt id) i^laiibe 

this ; tho flowei*a siritdl beautifully ; I believe 
ber SWann botruc\t niicb; bic 'llfiai^c faiuv U)re 
the man is cheating me ; the plant sucks its 
IVabrini^ aug bem 'Boben. 
nourishment from the soil. 

Exkkcise 3. Insert the missing indefinite 
pronouns : 

(ir ill Rrtunb. 2Do .... flcbcvcu ill. 

Ho is everybody’s friend. Whore one is born 

bert bfimeh eg (4) an; eg ill nid)t 

[there] one feels at homo ; it is not everybody’s 

(Mcfdimaff ffreiten ; liabcn ^tc 

taste to quarrel; have you heard something ? 

Olein, id) babe .... i^bint; id) i^Ianbe(3) 

No, I have hoard nothing ; I believe nobody 
ben icb nid)t fenne, 
whom T do not know. 

«^)anb map babei tm ^viele iicmcfcii fein. 

Somebody’s liand must liav'e been in the game. 
(Sohu'IkmIv must/ Imvu had hia flnjier In the pic.) 

Keys to Exercises [page 2032] 
Exercise 1 (</). / mperfed : od) blicb Abaufe ; 

bn vPffft 'IVabd'cn vicb bic ^iclc; unv 

SPANISH 

Translation of ‘‘To" “To,” meaning 

“ inordta’ to,” in front of an infinitive is generally 
translated by para, unless it is jtroceded by part 
of a V(‘rb of motion, wlien it is alw'ays rendered 
by n , — it is too Iat(^ to jjrotest, es demofilodo 
iarde para proteslar ; he has gone to protest, /la 
ido d prole star. 

Other imi>ortant verbs after wliich “to” is 
rendered by d an^ : 

to learn aprender to refuse negan^e 

’ to compel ohligar to tea eh ensenar 

to begin empezar to commence cowe??car 

to submit aometeri<e to authorise autorizar 

to get used acostnmhrarae 

to invite invitar convidar 

There are certain verbs after which “ to ” is 
not translated at all. The ju’incipal arc ; 
to promise jyronieter to allow permitir ^ 

to hope esperar to like gnsiar 

to bo able poder to want querer 

to wish desear to be sorry sentir, pesar 

to know how to sdher 
to intend intentar 
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febricben IBriefe ; bag JHwb febrie entfe^fi^ ; bie (Dldnnet 
fcbimcijen; irir flic^en aufben SBerg; i(b ^er^ieb 3bnf n ; 
bee J&irt trieb bag 33 icb SSlcibc ; ber .^nabe 

U'icg mir ben ing !X5orf. 

Perfect: bin pi^aufc ^cbUcbcttj bu 

gevnffeu: bag 311db(bcn l>if ®ift« geriebeii; uut’ 
babeu ^riefe c\efd)ncbcn; bag »Kinb b^d entfe^tieb 
^cfd)riecu ; bic 9)ldmicr ^cfcbu'icvdtt ; '^iif 

auf ben 33crci flcjlici^en; id) fivibc 3l)nen rerpeben; 
ber bat bag 'Biel) auf bic Seibe vietriebeii ; ber 
.ftiuibc bat mir ben ®fi] ing I^orf ejemiefen. 

(6). Tseb beilie in ben 9(vfet; megbalb bteibd bu 
ni^t bci img? 25fr Jtiinillcr er^reift bag^ndniment; 
irir leiben ^rc^e (gdimcvjcn ; bcr ,flntfcbcr bb'ift cine 
£Dlflcbif; bag aUdbcbcn reijt cine 9?ofe \)om 3u>eu^e; 
bie (Sonne fibeint bell; bcr Bcltlcr fcblcidd an ber 
SDlauct bill; ivag fd)rcibcn ®te mir? JDer 'Blann unb 
bif Rrau flrcitcn b^fh^. 

Exercise 2 (a). 9Llo finb mcine ITintcnfdlfcr? 
3d) fann niebt meinc .l^anbfcbube fiuben. ®fbm (Sie 
mir mcinc 'lafcbcntucbcv. X>ie 'JJiciTcrflinc^cn jlnb 
ftcbvodbcii; bic 'Bfauenfebern ftnb ftbbit; bic 9lrmbdnber 
maren aug (^olb ; bic Ru^bbbeu loaren mit Tevvicben 
bcle^t; bic 9lkin^ldfcr finb leer; bic Wolbfduniere 
haben fd)cnc 01inc|c. 9liig mfld>cm (Sioffc finb 3bw 
^algbinbcn? (Mcbcn (Sic mir iicfdlliiift bic CbllmeiTer. 

(6) !l)fr3iiu^iH\^cl p’cbt im .t'crbft nad) bem ^uben; 
bcr fcibcnc ))lcvvufd)irm ijl nidn febr baltbav; bag 
VliK^cnlib ill tdfd'U'ollcii ; id) fauftc cine fhbbccic 
91h'bin ffibrt biefer ^Intlbbfab ; 3c^) befibe ein.ii 

9ldntiTrorf. 

{c\ Die g>vuibtlcutc fommanbicvtcu bic Trnwen; 
id) lanbtc bie Dicnftmanncr nad) gjaiife ; gtaufleute 
muiTcn rcduicn fenneu; (^taatgindnner foKteu nid)t 
ivreu; juudc (Sbcmvinncr finb ^oob bn lid) nadudebic^. 

(d). 3fbn ^^funb .ftaftec, ^ebn Bunb (Srrof), ^ebn 
Rap 'Bcnciciim, ,^ff)n Bud) ^lapicr, ,^ff)it ^arf jWeig, 
^ebn Rlaid)cii ;;cbii Baden 9iiollc, ^ebn iTonnen 
giol)lc, ^ebn 9lh'd>cn, ^ebu (£tiiubcn, i\ebu 9)i'eilen, 
.^cbu gUibif-Ruj? <&olj, ,;cbn gliften 3ndcr. 

Co}iii)iued 

By Jos^ Pla Carceles, B.A. i 

Wlienover tho eonjimetion ?/ (and) occurs 
immediately before a word beginning with i or hi, 
it is changed into e for the sake of ('uphony. 
— Espana e faglaterra, S])ain and England. For 
the same reason d (or) become.s u in front of a 
word beginning wdth o or ho. — sefenta u ochenta 
cams, seventy or eighty houses. 

“But,** after a Negative Sentence. 

The conjunction (but) after a n(‘gativo 

s(*ntence must, be ehang('d into slno, unless it is 
followed by a verb. — no he recibido el dinero, sin/o 
solamcnte. los 'i)i Ureses, T have not received the 
money, but only the interest ; no ha recibido el 
dinero todavia, pero ya ha epbrado las intertses, ho 
has not receivc'd the money yet, but he has 
already cashed the interest. 

Exercise XXXVI 

a street tinacalle the square la plaza 

to walk pasear to pay a visit visitar 

besides ademds to consult consultar 

to finish acahar to skate patinar 

ico hielo magazino revista 
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to take Umuir bookcase estante 

thefianc6 elnovio toaakfor pedir 

certainly naturalmente irgunwAy Iran via 

a prayer unaorarAon the hymn elhimno 

infantiy infanleria cavalry cahalhria 

a cousin tmprinu) to undertake empretuhr 

Great Britain, La Gran Bretana Wales, Gales 
Portuguese, por/?/( 7 wc,v Do you ? Did you ? ^ y VdJ 
to be very phrased to, tener mucfi/) gusto en 
the address, la dArecc/ion^ las seiia-s 
to keep wjiiting, hacsr cujuardar 
the information, los infonnes 
a long time, mucho iie.mpo^ 

1. How would you like to live in Paris ? 

2. I should like it very much. 3. What is ho in 
want of ? 4. He wants more money to undertake 
a new business. 5. Do you know your cousin’s 
address in ISIadrid ? 0. His addr(‘ss used to be 

lOo, Murillo Street (trs. Street of IMurillo, number 
103). 7. Mine is 24, HernAii Cortes Square, 

where I hope to see you soon. 8. Many thanks. 
I sluill bo very pleased to pay you a visit next 
summer. 9. Do you like walking ? 10. Yes, 

but not today ; it is very hot, and, besides, I am 
too tired (fern.). 11. He is now sorry to havo 
accepted the offer without consulting his partners. 

12. Sh(^ always keeps us waiting a long time. 

13. How much time do they still want to finish 

their work ? 14. They want another hour. 15 
They do not work so quickly as they promised 
us. 10. Do you know (how) to skate ? 17. 

No; do you? 18. T like skating on the ice. 19. 
We want anoth(*r book(?ase to put all those 
magazines in. 20. They liave come to explain it 
to him. 21. Was it veiy windy in the park this 
afternoon ? 22. Not so mucii as last Sunday. 
23. He will rcfus<^ to sign the contract before re- 
ceiving the information ho has asked for. 24. 
We have invited her fiane6 to dine with us. 25. 
Do you wish to S])eak to him ? 20. He promised 
to pay us a visit during the winter. 27. Do you 
allow me to smoke ? 28. Certainly ! Take one 

of my cigarettes. 29. 1 was not able (no pude) 
to understand what he said (imp.). 30. We took 

a tramway as soon as it began to rain. 31. 
England, Wales, and Scotland form Groat 
Britain. 32. I do not know how to speak 
Italian, but I understand it rather well. 33. 
He is not teaching her Portuguese, but Spanish. ' 
34. Hymns or prayers. 35. Infantry and 
cavalry. 

Subjunctive Mood. This subjunctive 
mood is more strictly observed in Sf)anish than 
in English ; it generally implies that the action 
or state expressed by the verb is not quite 
certain, as it is when the indicative mood is 
employed, but merely contingent or doubtful. 
The foUowing examples will make clearer the 
import of the subjunctive ; Indicative — Cmndo 
lo VEO le habh, when(ever) I see him I speak 
to him ; Subjunctive — Cuando lo VEA le ?iahlart\ 
when I may see him I shall speak to him. In- 
dicative — Aunque HA estudiado mucho sahe 
muy pocot although ho has studied a great deal 
he knows very little ; Subjunctive — Aunque 
HA YA estudiado mucho sahe muy poco, although 


he may have studied a great deal, he knows 
very little. As will bo seen, the actions which 
in these sentence's are positiv(‘ly expressed by 
the indicative mood (veo and ha estudiado) 
bc'come at once doubtful when the subjunctive 
is used. 

The Tenses of the Subjunctive. 

The simple tenses of the subjunctive*, mood 
are throe : present, iinporfect, and future. 
Although a. construction of the infinitive with 
the auxiliaries “ may,” “ might,” would,” is 
sometimes an (^xact eqiiivmk'nt of the Spanish 
subjunctive, this is far from being the case 
always. It would therefore bo utterly mis- 
leading to attaeli any general or permanent 
translation to the above tens(‘s, whoso employ- 
ment does not really depend upon the wording 
of the English scnt(mee, but must be regulated 
by certain fixed principles which are stated 
at a later stage. 

Present Subjunctive. The first conjuga- 
tion verbs form their present subjunctive by 
adding to the stem tin; terminations r, e. 9 , e, 
emos, eiSf en. Verbs of tlw^ st'cond and third 
conjugations add the terminations a, as, a, 
amoSy ais, an. 

Subjunctive Mood 


Singular Plural 


1. 

com pr-e 

com pr-e mos 


compr-es 

com pr-eis 


com pr-e 

com pr-e n 

2. 

heh-a 

heh-amos 


heh-as 

hob -n is 


heh-a 

beh-nn 

3. 

cum pl-a 

cumpl-amos 


cumpUas 

cumpl-ais 


cum pi- a 

cumpl-nn 

The 

Tuesent subjunctive of ser, estar, haher, 

and tener is as follows ; 


sea 

esfr 

haya tetuja 

seas 

estes 

hoyas tengas 

sea 

cste 

haya tenga 

seamos 

cslemos 

hayamos tengamos 

seais 

esfeis 

hoijais tengais 

sean 

esten 

hayan tengan 


Note that tJic third person singular and the 
first and third persons plural of the present 
subjunctive are the same as the corresponding 
ones of the imperative (sec page 2114). This is 
also the case when the imperative of a verb 
happens to bo irregular. 

Exercise XXXVTI 

Form the present subjunctive of the following 
verbs : 

1. camhiar. 2. coser. 3. vivir. 4. vender. 
5. alqiiilar. 6. haher. 7. escribir. 8. ser. 9. 
conleslar, 10. comer. 

Key to Exercise XXXV 
1. Hay muchas razones para suponcr cso. 

2. liabia demasiada gente (ui la cubierta. 

3. i Hay alguien en ese eamarote ? 4. Creo 

que si, pero hay vaiios libres (or desocupados) 
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4 proa. 5. No hay tiem|X) qiie pcrdcr. G. Habr4 
mds })asa(lo rnanana. 7. Solaincnte llovio las 
dos f)rimera.s nochcs. 8. i Graniza ti nienudo on 
au pais ? 9. Muy raramcnte ; la ultima voz quo 
granizo fu6 hace cinoo aiios. 10. Ayer hizo tin 
(lia c?spl6ndido. 11. i A quo hora amanece 
ahora Y 12. Segun cl alnianaquo, sale el sol d 
las sets monos cuarto. 13. En invierno anocheco 
mds totnprano quo en verano. Los dias son muy 
cortos. ‘14. Hace domasiado calor on esta 
luibitacion ; haga Vd. el favor do abrir esa 
ventaiia. 16. Con mucho gusto, pero hard 
demasiado frio. IG. No importa ; muchas 


gracias de todos modos. 17. Haga el favor do 
prestarme tin paraguas ; parcce quo vd d Hover. 
18. Creo quo ya eatd lloviznando. 19. i Hizo 
sol durante sus vacaciones de verano ? 20. Al 
contrario ; tuvimos niebla casi todos los dias. 
21. Ahi estd el automdvil de .su amigo. 22. Serd 
necesario oxpliearselo otra vcz. 23. Hebe 
haberlo olvidado. 24. Le vi hace dos semanas. 
2.5. Debemos aguardar su respucsta para ver de 
quien t^s la culpa. 26. Doberian pagarnos en 
oro. 27. i No cree Vd. quo deberia poner el 
asunto en manos do mi abogado ? 28. Natural- 
men te, seria mucho mds segiiro para Vd. 


Continued 


FRENCH 


RELATIVE PRONOUNS 

There are two forms of relative pronouns, 
the uninflected and the inflected. 

The uninflccted relative jtronouns are: 

qni^ who, which, that, whom (after a pro* 
position) ; que, whom, which, that ; quoty which ; 
(font, whose, of whom, of wdiich ; od, in which, 
into which, at w'hich, to whieli, etc. 

The inflected relative pronouns are : 

lequel (mas. sing.), lesqmh (mas. pi.), who, 
whom, which, that; laquelle {iom, m\^.)yhsqudle8 
(fern, pi.), who, wdiom, which, that. 

The definite article is contracted in the same 
way as when it precedes a noun : duquely auquel, 
desquehy aaxqiiels, desquelle^y avxqudles. 

The relative pronoun, whctluu* inflc*(;tcd or 
uninll(H;t(Hl, is of the same gemler, number, 
and person as its antecedent. In the (iase of 
the uninflccted relative, there is nothing in the 
pronoun itself to show this agreement ; but it 
affects the number and person <d the verb of 
which the relative is the subject, and the numlxT 
and gend(T of adjectives and past participles 
referring to the. relative : Les amis qui vmis 
accom'p(ujntr\i connnissent hien /Viri.s, The friends 
w^ho accompany us know Paris wnfll. 

11 y a dans cc livrv une histoire qui est tres 
inleressantCy In that book there is a stoiy which 
is very interesting. 

1. Quiy as the subj('ct of a verb, may refer 
to cither persons or tilings ; 

Le marchand qui t'ous a vnidn ces oh jets est 
tres accommuhinty Th(' shopkeeper who sold you 
those objects is v'ciy obliging ; 

II donne de V eau a son cheval qui est ires 
aUere, He is giving waiter to his horse, which is 
very thirsty. 

When preceded by a prefxasition qui refers 
to persons only. For animals and inanimate 
objects the inflected relative must always bo 
used after a proposition : 

Venfant (i qui tout cMe est le plus malheureux. 
The child to whom everything (every one) 
yields is the most wretched. 

C'est une condition sans laqudle je ne con- 
setUirai d rier. That is a condition without 
which I shall not consent to anything. 
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2. Qite is used as a direct object (accusative), 
and may refer to persons or things ; 

Void les amis que nous aftendionSy Hf^ro are 
the friond.s we were exjx'cting. 

Je Hs le Hire que vans m'avez prete, I am 
reading the book wfliicli you lent me. 

The e of que is elided before a word beginning 
with a vowel or unaspirated h. 

The i of qui is never (Aided; consequently, 
qu" always stands for que : 

J\ii rc^u la left re quil m'avait promisey I have 
received tJie kdter which liad promised mt5. 

In English, the relativcf- pronoun has distinct 
forms for siibjeot and object only wlien it refers 
to persons : ‘‘ who,” ‘‘ whom.” When it refers 
to animals or things, it has only the one form 

which ” for both cases. 

'Hie fmit which is on that tree (nominativ('). 

The fruit which that tree produces (objective). 

In French, each ease liaving its special foiiii 
and not being deixMidc'iit on position, tin? 
object is fnxjuently placed Imnuxliately before 
the verb. Thus, “ 3’lie fruit which that live 
produces ” may be rcuidered eithtir by : 

Le fruit que cet arbre produity or Le fruit 
que produit eet arbre. 

In English, the relative pronoun as object is 
very often omitted. In French it must ahvays 
be (?x])resse(l : 

The i)upil you have scolded, L'deve que votis 
avez gronde ; 

The exereisos you have corrected. Lea devoirs 
que. vans avez eorritjes. 

.3. Quoi is used as an indirect object — e.c., after 
a preposition. Its antecedent is rarely a noun, 
but rather a statement, or some indefinite 
expression, such as quelque chose y something ; 
new, nothing ; voUdy that is : 

II n’y a rien sur q'lwi Von ait plus ecrity There 
is nothing about which more has been WTitten. 

Voild de quoi je voulais vous parler. That is 
what I wished to speak to you about. 

If the antecedent is a noun it is better to use 
the inflected relative with the preposition ; 

C'est la chose d laquelle je pense le moinsy Tha^ 
is the thing I think least about. 



4. DorU is equivalent to the relative pronoun 
and the preposition de (of, from), thus : 

Le livre dont vous rrCavez fait present^ The 
book of which you have made me a present. 

Les amis dont vous avez meprise les conseils. 
The friends whoso advice you have despised. 

In English, the noun dependent on “ whoso ” 
always follows it, whether it be subj(H;t or 
object, and is never aceompanied by a definite 
article. In French, it has always a definite 
article, and comes immediately after dont only 
when it is the subject of the relative clause. 
If it is the object of that clause it comes after 
the verb : 

La maison dont le ffhant m^a ecrit. The firm 
whose manager has written to me ; 

La maison dont fai vn le ghanty The firm 
whose manager I have seen. 

When “ whose ” is preceded by a preposition, 
it cannot bo translated by dont. The infiected 
form of the relative must be used : 

La maison au gerant de la(iuelle fai ecrity The 
firm^to whose manager I have written. 

5. Oily though really an adverb, is frequently 
used as the equivalent of a n'lative and one of 
the prepositions “ in,” into,” “ at,” ” to,” 
etc. : 

La maison oil il est wc, The house where (in 
which) he was born. 

It may be preceded by and used instead 
of donty to indicate ” place whence ” : 

Le village d'ou nous venonsy The village from 
which we come. 

Only donty and not d'ouy must be used to 
indicate descent : 

La famille dont il descend cst honorahley The 
family from which he descends is honourable. 

Notks. The relative pronoun with re as its 
antecedent forms the absolute ” what ” : 

Ce qui est vrai n'est pas ton pars agr cable y 
What is true is not always pleasant, 

Je vous repHc cc que Von m'a dity I repeat to 
you what I have been told. 

Prenez ce dont vous avez hcsoiUy Take what 
you have nc^cd of. 

When the verb is in the infinitive, “what” 
is qm : 

Jene sais que faire, I do not know what to do. 

The demonstratives celuiy celley ceuxy cellesy 
are used before the relative instead of the 
English personal pronouns, “he,” “she,” “they,” 
and also instead of “ the one ” : 

Le meilleur ami est celui qui nous dit la verite. 
The best friend is he who tolls us the truth. 

The demonstrative antecedent may be omitted, 
as in English : 

Qui vivra verra. He who lives (long enough) 
shall see. 

When “ which ” has a whole clause for its 
antecedent in Ei^lish, the relative must be 
preceded by ce in l^ench : 

tPai perdu ma valisty ce qui est fort contrarianty 
I have lost my portmanteau^ which is very 
provoking. 


QROUP 21— FRKNCH 

INTERROGATIVE PRONOUNS 

The interrogative pronouns are : 

Qui ? who ? whom ? De qui ? whoso ? J qui ? 
whose? Quest-eequi? Qaoi / what ? Lequel? 
lesque.ls ^ (mas.), which ? which one ? Laquelle? 
lesquelles ? (fein.) which? which ones ? Que? 
qu'eM-ce que ? what ? 

1. Quiy as an interrogative pronoun, is both 
subject and objeid : 

Qmx vous a donne ccla ? Who gav(^ you that ? 

Qui cherchez-Dous ? Whom arc you looking 
for ? 

Qui ? may be preceded by a prejiositioii : 

Pont qui me prenez-voiis ? For whom do you 
take me ? 

There is also a jieriphrastic form : 

qui est-ce qui ? who ? 
qui esVee que ? wluuu ? 

Qui est-ce qui vous a donne ccla ? Who (is it 
who) has given you that ? 

Qui esi‘Ce que tons cherchez ? Whom are you 
looking for ? 

When this form is used no inversion of the 
subject and verb is required to mark the interne 
gation. 

“ Whose ? ” is nev€U’ expressed by dont. When 
it denotes ownership and is c‘quivali‘nt to “ to 
whom b(‘longs ? ” it is r(ui(lered by d qui ? 

Whoso key is this ? a qui e9t vette clef ? 

In any other ease de qui ? is used : 

De qui est4l {le) fils ? Whose son is he ? 

2. Qn'esUce qui ? “ What ” as the subject 

of an int(*rrog-itive sentiuice has only the 
periphrastic form, quesl-cc qui ? : 

Qu? est-ce. qui vous enipeehe. de venir avec nous / 
What prevents you from coming with us ? 

In indirect questions it becomes ce qui : 

Je vous dcuiande ce qui vous empeche de venir 
avec nous. I ask you Avhat prevents you from 
coming with us. 

,3. Que? wli it ? is used as the object or the 
predicate of a verb : 

Que dites-vuus ? What do you say ? Q\V est- 
ce '? What is it ? Qu?est-il ? What is he ? 

Que. deviendron’i-noiis ? What will become of 
us ? (What shall we become ?) 

There are also two periphrastii; forms : 

QiV est-ce que ? and qii est-ce que e'est que ? 
neither of which requires inversion of subject 
and verb : 

Qn est-ce q^Vil dit ? What does ho say ? 

Qu est-ce que c^est que qu (cela) ? What is 
ihat ? 

In indirect questions qu est-ce que becomes 
ce que : 

Je vous deynande ce que vous faiteSy I ask you 
what you are doing, 

4. Quoi? is usually the indirect object of an 
interrogative sentence, and is preceded by -a 
preposition : 

Avec quoi avez-vous ouvert ce tiroir ? With 
what have you opened that drawer ? 

It may also be used absolutely as either the 
subject or the object of a verb understood : 

11 y a quelque cliose dans ce tiroir. Quoi ? 
There is something in that drawer. What ? 
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Tai mis quelque chose dans ce tiroir. Quoif 
I have put something into that drawer. What ? 

Quni ? followed by an adjective in the com- 
parative, preceded by rfe, is used as the subject 
of est understood : 

Quoi de plus honteux qua le mensonge ? What 
more shameful than lying ? 

Qtu)i ? may also be used, as more emphatic 
than que ? with a verb in the infinitive : 

Quoi faire ? What to do (is to be done) ? 

5. Lequel ? laquelle ? lesquels ? lesquelles ? 
which ? which of ? express distinction or 
selection : 

Lequel de v>os freres vous a ecrit ? Which of 
your brothers has written to you ? 

De ces deux montres laquelle preferez-tKms ? 
Of these two watches, which do you prefer ? 

‘•What*’ Relative or Interrogative 

The various ways of translat ing “ what,” 
whether relative or interrogative, are: 

1. Quiely quelle, quela^ quelles. 

Quel Hire lisez-vous ? VVliat book are you 
reading ? 

Qtieile heure est-il ? What time is it ? 

Quels sont Ics quatre points cardimiux ? 
What are the four points of the compass ? 

Qvelles belles gravure.s\ What fine en- 
gravings I 

Je ne sais pas quels romans vous avez lus^ 
I do not know what novels you have read. 

2. Quest-ce qui, ce qiii, ce que. 

Qu'est’Ce qui vous empeche de sortir ? What 
prevents you from going out ? 

Je vous demaude ce qui vous empeche de 
sortir, I ask you what prevents you from 
going out. 

Je sais ce que je veux, I know wluit 1 want 

3. Qu'\ qu'est-ce, quest-ce que, qu'csl-ce que 
dest que. 

Que dites-rous ? What do you say ? 

Quesi-ce? What is it? 

Que deviendrons-7inus / What will become 
of us ? 

Quest-ce qu'il dil ? What docs he say ? 

Je, vous demande ce qu'il dil, f ask you what 
lie says. 

Qu'est-ce que la gramma ire ? What is 
grammar ? 

Qu cst-ce que c est que qa ? What i.s tliat ? 

4. Quoi. 

Aver, quoi avez-vous ouvert ce tiroir? With 
what have you opened this draw(u* ? 

ll y a quelque chose dans ^ce liroir. Quoi? 
There is something in that drawer. What? 

J^ai mis quelque chose dans ce tiroir. Quoi ? 
I have put something in that drawer. What ? 

Quoi de plus honteux que le mensonge ? What 
m^re shameful than lying ? 

Quoi faire ? What is to be done ? 

Exercise XX. 

Vocabulary 

abricot (m.) apricot offmeni (m.) food (food- 
abricatier (m.) apricot- stuff), kind of food 
tree asperge (f.) asparagus 
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avoine (f. s.) oats (pi.) la morue, cod 
la hecasse, woodcock le moulin, mill 

la becassine, snipe le moulon, sheep 

la betterave, beetroot la nourriture, food 
le hie, corn (sustenance) 

la boucherie, butcher’s oie (f.), goose 
shop, meat market oiseau (m.), bird 
le boulanger, baker orge (f.), barley 
le brochet, pike le pain, bread 

le brugnon, nectarine la pate, dough 
le cxinard, duck le paysan, peasant 

la carpe, carp la peche, peac4 

la carotte, carrot le pecker, peach-tree 

le cerf, stag le pecheur, fisher, 

la cerise, cherry fisherman 

le cerisier, cheriy-tree la perche, perch 

la chair, flesh la perdrix, partridge 

sport-sman, la qAante, plant 

hunter la qmire, pear 

le chevreuil, roebuck le qwirier, pear-tree 

/e cabbage le pnis, pea 

le cidre, cider le qxnsson, fish 

le enq de bruyere, grouse le poisson de meXf salt- 

Ic dindon, iurki.y water fish 

can douce, fresh water la pionme de terre, 
eperlan (m.), smelt potato 

espece (f.), kind le poimnier, pcar-trci^ 

Hang (in.), pond le potager, vegetable 

le faimn, ])h(‘asant garden, kitclien 

la fariue, lUuir garilen 

la faux, scythe la qxiule, fowl 

la five, bean la qrune, plum 

le filet, net le qu'unier, plum-tree 

le fruit, fruit la raie, skate 

le fusil, gun (fowling- le raisin, grape 
pie(‘e) It ruisseau, brook 

le gibier, game le sangHer, w’ild boar 

le haremj, lu'rring le sanmon, salmon 

le harict)t, haricot- le.scigic, rye 

beans la sole, solo 

le lac, lake le terrain, plot of 

le legume, vegetable ground 

le hrain, yeast hi truite, trout 

le Uirre, hare le turbot, turbot 

la li'jue, line le vean, calf 

la machine, machine, le verger, orchard 
machineiy la viand e, meat 

lemaquerefiu,mi\ckGriA la idajide de boucherie, 
la luer, sea butcher's-meat 

le merlan, whiting la rigne, vine 

le meunier, miller le vin, wine 

le moissuneur, reaper ' la volatile, poultry 

connu, known fruitier, fruit (fruit- 

df'Iaye, mixed bearing) 

different, different qwiucipal, principal 

frais, new (of bread) rassi.% stale 

avec, with out, yes 

pour, for, in order to, to 
ajouter, to add faucher, to mow 

altraper, to catch faire, to make 

changer, to change manger, to eat 

cultiver, to cultivate nommer, to call 
• tuer, to kill 

il fait, he makes ils serveni, they serve 

produif, it produces $75 croiMsn^, they grow 
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Translate into French What is the plant which is culti’Tatcd to make 

[In the following exercise passive forms wine (of it) ? It is the vine. What is the fruit 

are to be rendered by on and an active verb : of the vine ? It is the grape. 

“ the animals of which the flesh is eaten,” Key to Exeroisb XIX. 

lea animaux dont on mange la chair.l Vous me demandez Thistoiro do mon bou- 

W^hat are the principal kinds of food which vreuil ; la voici. Un de mes amis a line maison 

serve for (d) the sustenance of man ? They are k la campagne. Je passe quelquefois Thiver 

bread, meat, poultry, game, fish and vegetables. chez lui. Moi, j’aime la campagne en hivor ; 
What is the plant which is cultivated to make vous aimez mieiix la ville, vous. (^.hacun son 

bread (of it)? It is corn. Who cultivates corn ? goflt. II y adeux ans j’y ai fait un sejour de 

Peasants cultivate it. What are the principal plusieurs mois, et pendant quo j’y otais j’ai 

kinds of com ? They are wheat, oats, barley, fait la connaissanco d’un bouvreuil. 11 etait 

and rye. Who are those who mow the com ? un peu plus gros qu'un moineau. II avait le 
The reapers. With what ? With scythes, bcc ^pais, noir et dur. Ses petits jreux avaient 

Into (en) what is corn changed to make bread expression airaable. Je n’ai jamais vu 

(of, it) ? Into flour. Who is it that changes de plumage plus beau, plus lustre que le sien. 

9 orn into flour ? It is the miller. What is a II avait la tete noire et la poitrino presque 

mill ? It is the machinery with whicjh the miller aussi rouge quo cello d’un rouge-gorg(\ II 

changes com into flour. What is dough ? avait les ailos tachetecs de rouge aussi. T1 

It is flour mixed with water. What is added to avait la voix douce ct jo n’ai jamais entendu 

dough ? Yeast is added to it. Who makes de sons plus moelleiix et plus varies quo ceux 

bread ? It is the baker who makes bread. qu’il filait. II m'cgayait et me charmait. Ji; 

What is stale bread ? Bread which is not new. le soignais, jo le caressais. Quand on m’ap- 
What are the animals of which the flesh is eaten ? portait mon deje^uner jo lui donnais le sien 
They are the ox, the calf, the sheep. What is aussi. Jo lui donnais tout ce qu’il aimcait le 
butcher ’s-meat ? It is the flesh of domestic plus : des miettes do pain, de petits morecaux 
animals. What is game ? Wo call game the de biscuit et de sucre. II los becquetait dans ma 
animals which are not domestic; animals and of main. Nous (^*tions (de) bons amis, lui et nu)i. 
which the flesh is eaten. What are they ? L’hiver (^‘tait rude, mais eela no nous inquietait 
The stag, the roebuck, the wild boar, the hare. pas. Un bon fou flambait dans la cheminoe. 

Wlio are they who kill those animals ? They Nous avions une ample provision, moi dc livres, 

are sportsmen. With what do they kill them ? lui de chenevis. Nous etions luaireux Tun et 
With guns. Is the flesh of birds cat(‘n ? Yes, I’autre. Nous etions contents Tun do I’autre. 

there are some birds of which the flcoii is eaten. Pour les oiseaux une cage n’est souvent qu’une 

Which ? Fowls, turkeys, ducks, and geese. prison. La sienne n’etait qu'une chambro k 
Are there any other birds of which the flesh is coucher. I>a porte cm etait toujours ouverte. 
good to eat? Yes, there are other birds of which Presquo toute la journeo il vagabondait 
the flesh is goo<I to eat ; they are wild birds, iravers la chambro. Elio n’^tait pas plus a 

such as the partridge, the woodcock, the snipe, moi qu’a lui. Qm;lqu(‘fois il voletait autour 

the pheasant and grouse. What arc the diflerent de moi. Il saxitait sur mon epaule et memo sur 
kinds of fish ? There are salt-water fish and ma fete (Il mo saiitait sur I’epaule et memo 
fresh- water fish. What is fresh water ? The water sur la tote). Tl lu’c^bouritTHit les cheveux. 
of lakes, ponds, rivers and streams. What are Cela I’amusait ct moi aussi. C’6tnit un gai com- 
the best-known sea-fish ? They are (the) cod, pagnon. Jo ri on ai jamais eu de plus gentil que 
herring, smelt, mackerel, sole,^ turbot, whiting celui-l^i. Jenepassaispastoutis incas()ir6esavcc 
and skate. And the fresh-water (those of lui. Quand jc; rentrais je le trouvais (‘iidormi, 
fresh-wator) ? Salmon, trout, carp, perch, and la t^tesousraile. Lo bruit d(‘ mes pas r^veillait. 
pike. Who are those who catch fish ? They Tl me saluait par un petit gazoiulleiiumt. Lo 
are fishers. With what ? With lines and nets. lenderaain, moi, j’etais eveille par mon petit 
What is eaten with meat ? Vegetables. What ami. Mais la fin de mon histoire est quelque 
are vegetables ? They ^ro plants that also chose de bion triste. Un jour le bouvreuil 
serve for the sustenance of man. What are the trouve la croiseo ontro-baillee. Pendant que 
principal vegetables that are cultivated in j’ai lo dos tourn6 il passe vitc dehors. A vingt 
France ? Potatoes, cabbages, beetroot, carrots, pas de la maison il y a un gros fumier jauno et 
asparagus, beans, haricot-beans, and peas. What noir oh une demi-douzaine de ponies grattent 
is a kitchen garden ? It is the garden or plot of et becquetent. Co n’est rien dc beau, mais 
ground where vegetables are cultivated. And e’est quelque chose d’inleressant pour lui. 
an orchard, what is that ? It is the plot of Du rebord de la fenetre il vole sur le furnier. 
ground in which there are fruit-trees. What Mais e’est un intrus. Les poules ont riuiraeur 
are the principal fruit-trees and their fruit ? intol6rante et hargneuse. La vue du bouvreuil 
The pear-tree, of which the fruit is the pear ; les f&che. Elies I’cntourent, lo houspillcnt, 
the cherry-tree, which produces cherries ; the Tattaquent. Le bniit m’attire. Je rogardc 
peach-tree, on which peaches grow ; the nec- par la crois^e. C’cst lui ; e’est mon pauvre 
tarlne, of which the fruit has the same name as bouvreuil. J’enjambe la fenetre ; je vais au 
th£» tree ; the plum-tree and the apricot-tree, secours de mon petit com pagnon. Je chasse 
which give us plums and apricots ; and the les poules. Je le tire de leurs griff es. Il est trop 
apple-tree, with the fruit of which cider is made. tard. Mon pauvre petit compagnon est mort. 

' Coniiniud 
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GROUP 22-DRES8 AND HOUSEKEEPING • THE WOMAN AT HOME-CHAPTER 21 


The Mmiufacture of silk Hats. Body.Maklii<. Finishing. Shaping. The Cut- 
ting and Making of Various Shapes of Caps. Straw Hats. Making Feit Hats. 

HAT AND CAP MAKING 


SILK HATS 

T he silk hat was first manufactured in France, 
and its introduction into England was at 
first conducted with great secrecy, especial care 
being taken to prevent anyone seeing the process 
( xcept those whom the hatters had agreed to 
teueii “ the art and mystery of silk-hat making.”. 
However, at the present time the journeymen 
silk-hatters of this country are as skilful as any 
of their foreign rivals, and the English -made 
hat holds its own in the markets of the world. 

The variety of shapes in the crown will not 
bo dealt with, as they alter and change so often, 
but the various cinls and shapes of the brim 
will occupy a prominent place. 

The first article to be made is “ proof,” which 
U composed of b(\st orange shellac (‘2 parts), 
button shellac (1 part), lei down by ammonia 
(A lb, to every 8 lb. of shellac). 

“The Foundation of the Hat. The 
foundation, or body, of tho hat is made from 
calico of different 
strengths dipped in 
the ” proof ” and 
stretched on frames. 

Fimt of all wc take 
tho Vjnm, which, 
being tho strongc'st, 
takes tho longest to 
dry. After tho 
“ proof ” has h<*en 
thoroughly cooled, 
take a frames about 
5 ft. by 8 ft. fi in. 
along the woodwork 
of which are a num- 
ber of nails with large 
lu^ads and the ])oints 
protruding on the re- 
verse side about 1 .1 
m., with 5 in. be- 
tween each nail. ^I'hen put the calico. No. 10 
or D, in the proof and thoroughly saturate it, 
taking care in eveiy instance that all 
have ahsorhed some. 

It is not aV>s(>lutely necc'ssaiy that this should 
bo so heavily “ c harged ” with xsroof, so draw 
it through the hand. Strctcli it on the frame 
and prepare a stronger calico “ twill.” This 
must bo eluvi’gcd with jsroof more than the 
previous one ; in facd, it should he left as full as 
possible without running. Stretc’h it on tho 
top of the fold already on the frame, taking 
(’are to squeeze both together with finger ancl 
thumb at eveiy nail. Then rub with the flat 
hand, so that the proof of one will adhere to tho 
fold of the other, taking care to begin at 
the centre and >vork outwards. Tho reason for 
tl\is is to prevent any air betw^een the two 


“ ply®»’’ which would prevent their adhesion. 
As this is an important factor in the manufacture 
of a good sound brim, special care should be 
exercised. ^J’hc'se two plys are followed by 
other two, put on in the same manner, tho 
frame to he turned top to bottom after each 
“ ply ” is put on to x>rcvent the proof from 
running to the bottom of tho frame if kept in 
one XK)sition too long. Now we are ready for 
tho drying jirocess. Heat plays an important 
part in tho making of the body, yet, while it 
should ho dried quickly, it should not ho scorched, 
for a scorched Ixxly never wears well. There- 
fore the host i)lan is to dry in a hot stove, but 
away from the fire that heals it. The crown is 
then dipped in a similar way, hut only one i>ly 
is jmt on tho frame. 

The BlocK. The block is made from wood 
and shaped according to the fashion ; some 
“hell” more than others, whilst some are calKd 
taj)er or straight crowns. TJie block is made* 
in five pieces, llu^ 
two largest being for 
fr»)nt and back of 
hat, whilst one is 
placed inx>ositioii for 
each side and the 
whole is fitted 
tightly in the hat hy 
a centre piece, gi ad- 
uatirig from til) to 
head part. 

Take a strip of 
calico about 8 in. 
deep and measure 
twi(H) across tlu5 
length of the block 
and once across the 
Avidlh ; cut, and 
fasten the ends 
together hy laying 
one about ] in. or in. over the other and 
running a warm iron over them. Ho not 
have the iron very hot or it will harden the 
seam. Place the froht and hack piece's of 
the block inside tho foundation, allowing | in. 
over tip ; ]nit in the two side pieces. Tt will 
he seen that tlu' “ foundation ” appears too 
small, hut a gnidual warming will allow both 
tlie sides and centre piece to he put in. Round 
two sides of the centre piece put a pie<ip of 
brim stuff to make the hat a little larger. This 
“ packing ” is to allow' for a shell which is used 
at a later stage. 

Stretching the Tip. For tho next calico 
required it is iiceeGsary to dip a piece in spirit 
proof, which is best orange shellac dissolved 
in wood naphtha and called varnish. Having 
dipped the calico in the varnish and dried 
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it» cut it into strips of about i in. and 
place J in. on the side crown from the tip, 
fasten with a warm iron and then iron the 
other J in. on the tip of the block. Cut level all 
round. Take another piece of foundation and 
fasten on the edge of the tip, stretching by 
wanning it, then cut round with scissors. Tt 
is necessary to stretch the tip, for, if allowed to 
be fastened slack, it will sink, and to prevent 
that the tip is 8tretch(^d to its utmost cai)acity 
by warming it and then fastening it to the 
edges left over from the foundation. 

A large mug or tin containing waterproof 
placed on the back of the bench is nocessaiy, 
also a brush after the same pattern as a largo 
paint-brush. With the brush aj^ply a coat of 
proof to the tip and stretch a piece of plain 
calico across as in the manner dt^scrihe^d before, 
and again proof ” it, to niiiJke it iulhere to the 
previous portion of the tip and form one solid 
Bubstance. Take another piece of the calico, 
which has been dip^icd in spirit, about in. 
wide, and iron it round the tip in the same 
manner as the x)reviouK one, placing about J in. 
on the side crown and the rest on the tip. 

Fixing the Brim. Take a brim, size 
13 in. by 12 in., place it flat on the bench, 
and arrange the head part of the block in the 
tentre and mark with a knife — or anything 
with a point — round by the block. Do not 
cut, but- simply mark. With a pair of scissors 
cut out tlio centie, allowing about \ in. inside 
the mark. A woodtm frame, called a sunk frame, 
because the w'ood is hollowed out to allow 
the block to tit inside, is now required, the 
right depth being got by placing pieces of wood 
underneath the blo(!k and allowing J in. for 
the thickness of the brim. With a hot iron 
thoroughly soften the portion inside the mark 
lUready made, and then smartly pull over the 
tip of the block as far as possible. With an iron 
dummy press it as close to the frame tis it can 
be got, making sure to have sc^me portion of the 
brim up the side crown of the hat, which must 
be ironed together a little portion at a time, 
and followed immediately by the dummy being 
pressed on the portion ironed. Sides should be 
done first, then back and front [ 1]. With a knife 
cut or pare away a ])ortion of the brim which 
now adheri^s to the side crown, taking care not 
to cut the other portion of the brim, but 
“paring” it gradually thinner tow'ards the top 
so that it will not appear thick and bulky. 

Take the centre of brim, already cut out, and 
split the four folds apart ; rut two pieces, 2 in. 
by 1 in., from one of them and iron one on front 
and the other on the back, J in. on brim and 
•J in. on side crown. Cover that piece with a 
larger one ironed on in the same manner. Iron 
a spirit “ robbin ” round the band of the hat, the 
same width as the previous one, to fasten the 
brim and side crown more firmly. • See the hat 
is the exact depth ; take it out of frame, and 
cut away the comers of the brim. 

With the brush apply a coat of proof to the 
side crown, taking care not to miss any portion 
of it ; then take a piece of fine muslin aboi\t 
8 in. wide, beginning at the centre of side with 
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the body seam on the right hand, and pull it 
round whilst the proof is wet^o that the calico 
will adhere to it. When covered, cut off, take 
up the end first laid and lay the left side of 
seam over right ; with scissom cut the calico 
over the tip with the exception of } in., which 
must be ironetl over. The remaining portion of 
the calico must bo put on the tip — after it has 
Ix^on proofed— in the same manner as the 
previous one ; then (carefully cut olT all comem 
and api)ly another coat of proof to all parts of 
the body, the brim included, and plac e in stove 
to diy. Again “ proof ” it whilst warm ; let it 
cool and then pull block out. Another coat of 
proof must now be applii^d, and allowed to dry 
without the block being in the body. 

The Ironing Process. It is now ready 
for the ironing or smoothing process, for u)) 
to the present it pri'sents a rough appear- 
anco. First cut away closely with a knife 
the foundation from undeineath the brim ; 
place inside a shell or felt body (self colour), 
making sun^ that it fits the tip closely, and 
put in tlie back and front pieces of the block. 
Next fit the side and centre pieces, neither 
of which will go into the bottom at first, hut 
after an application of gum, powdered in a rag, 
and a slight application of vegetable wax, the 
front part can be ironed over until quite smooth 
with a clean hot iron, follo\vt*d immediately 
with a cool iron dummy to set the heated part. 
KncK'.k the side pieces a little further down cvnd 
repeat the operation to the ba(;k of the body, 
when the block will easily go in with the excep- 
tion of the packing pieces, which are not needed 
now that the shell is in the body. The remain- 
ing portions of the body are now ironed, includ- 
ing tip, making sure that all the seams arc 
pre68(?d down, until it has a smooth, level surface ; 
Ihen let it cool, tip do wm wards. 

Next get a brim frame which ditTers from tluj 
one previously mentioned, as it has no portion 
cut away for block, but has two pegs fit U^d in on 
wliich is placed a brow the size of the hat, and a 
piece of felt covering the whole frame. Iron the 
underneath of the brim on a plate fixed in tlie 
bench and shaped to tlie oval of the hat ; then 
irniuediatt^ly place it on the frame, iron it well, 
and again re|K>at the operation on the underneath, 
following it with tlu^ cool iron dummy, both on 
tlie underneath and also on the top side of brim 
when on the frame. Iron first one side then the 
other, followed in order by back and front, 
making four distinct ironings for the brim. 
When well ironed it is ready to be varnished 
before being handed over to the finisher, whose 
work it is to place the silk on the body. 

Finishing. The tools required for the finish- 
ing process are these : Irons (1 pair), dummit^s, 
1 concave iron, 1 flat iron, 1 concave w ood, I flat 
wood, wire cards ( 1 tip, I side), brushes ( 1 hard, 
1 soft), velures (1 rough, 1 velvet), scissors 
(1 seam, 1 crooked, 1 ordinary), sponge, stirrup, 
woollen patch, half block, tip block, brim frame. 

Finishing is the art of sticking and retaining 
the bright colour of the plush. The body, after 
it has left the body maker, receives two thin 
coats of varnish. The plush is stuck to the body 
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by means of cold water sponged on tho plush, 
then a warm ironifceing lightly passed over, and 
thus a steam is created. This steam enables tho 
plush to stick to tho body. Tho finisher fits tho 
cover on the body the reverse side up ; then he 
measures and marks with chalk the exact line 
where tho seam must be cut. The selvedge side 
will bo on tho right-hand side. Mark J in. from 
selvedge, then pass left-hand side over, and mark 
to correspond. Take cover off and apply a coat 
of proof on back of plush 1 in. wide 
over where the seam has to le cut. 

This stiffens the plush, and will 
stop it from threading. 

VV’^hen tho proof is dry, take cover 
in loft hand and brush back the 
nap on tho top of the seam ; place 
cover on bench, and apply water 
on the plush ; pass iron over and 
card back the nap. When well 
cardcjd, back iron till dry. Then 
cut with scissors down chalk line 
and cut selvedge side. Take the 
plush for brim, damp on the back 
side, and puli out with fingers wider 
and shorter. This takes the stiff- 
ness out of the plush, and enables 
it to fall into the band of tho hat easily. When 
d).y, pass round outer edge of brim, and stick 
with cool iron. 

Now get brim frame on patch or f(dt, as used 
in brimming body, and pull into position the 
plush with stirrup, care being taken to pull 
out all the pleats. Then sponge, brush the nap 
straight, and pass iron over. The brim is usually 
pulled in at four separate times, first front and 
back, then sides ; when st uck, cut with crooked 
scissors, care being taken to cut the 
brim plush J in. up tlu; side crown. 

Now place body on tip block and 
tit the cover; pass sponge over, 
and stick top of seam first ; when 
Beam has been securely fixed pass 
tip card over the stitching. 

SticKing the Cover. Stick 
the tip in position, care being 
exercised to have all the stitching 
on tip ; do not allow it to drop 
on the side crown. The nap will 
then be across the tip from 
left to right. This must now be 
carded round to the centre. 

Damp the plush with sponge, 
pass warm iron over, and card the 
nap round while tho steam is 
rising. Again apply water, iron, 
and card, and the nap will now 
bo in position round the tip. 

Place hat on half block (which must be 
covered with three or four layers of felt), stick 
the back of hat first, working towards the 
seam. 8cc that tho right-hand side of seam is 
well stuck. 

Bring the seam together, and stick about 1 in. 
at a time. Brush the nap back to its right position 
over the seam, and stick remainder of hat ; 
brush wellt apply a coat of cold water, and card 
tho nap straight Water the dp. and bring nap 


well round to the centre. When dry, brush tho 
glaze, and the plush will now have a dull appear- 
ance. For half- blocking, use a warm iron and go 
round the hat twice ; the first time will bring 11 e 
colour back, and the second time get tho hat round 
[3]. When half blocked place a paper cap on 
side crown. To cover the underside with merino, 
apply a coat of varnish, and brush the merino on 
while wet. (^it merino J in. from band, and stick 
it down side crown ; run iron on the top side on 
brim frame, and the hat is finished. 

There are four points to be re- 
membered: (1) when the hat has 
been warmed with iron, dummy till 
cold ; (2) plush to l>e well stuck on 
body ; (3) seam and stitching to be 
pressed well down ; (4) the bright 
colour. 

Shaping, The hat is now 
ready for the shaper, whose duty 
it is to make a curl and set tho hat 
to its proper shape. This branch has 
been justly called the “ artistic 
braiKjh,” for the appearance of the 
hat depends to a great extent upon 
the shaper. A variety of curls and 
sets aie dealt with by the shaptir, 
which, more or less, lends to tlie attractiveness 
of tho hat. Space, however, forbids us to deal 
with more than the principal shape's, for the 
others are but a distinguishing feature, while 
the workmanship is on similar linos, (except 
in detail as to the size, etc., of curl or set. 
We will deal with a J-in. roll, which is the 
common size of a curl. 

First place the hat ti}) to plank, with the 
front facing you ; then get the centre by placing 
finger and marking plush on top 
side of brim ; turn the hat round, 
and ix'iform the same operation 
with the back, 'riien place tho 
hat brim to plank, with the 
centre marks 'exactly level from 
left to right. Warm the brim 
with tho iron until it is just bend- 
able, run flat plough over the 
warm part ; then, with a piece of 
plush between thumb and first 
linger of left hand, pinch the edge 
of brim upwards, beginning about 
.J in. from the mark on right hand, 
and finishing about the same dis- 
tance from the left-hand mark. 

The machine or roll brats is 
now used by running it along the 
brim and gradually turning it over 
to the required size [2]. Great 
care must be exercised in ordecto 
ensure a very even and symmetrical curl, and the 
brass curler must ho kept flat along the plank, so 
that the curl can fit perfectly in the groove. An 
even and perfect curl is largest in the centre, 
tapering smaller at the shoulders. It is easy to 
understand that if tho same pressure is exerted aU 
along the brim, the result will be a curl one size 
from beginning to end ; but that is not what is 
required. Therefore, a gradual pressure and release 
of same, whilst the brass is in motion, obviaus 
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tKdt» and makes the shoulders or ends consider- 
ably smaller than the centre. Having made tlie 
curl the required size, the brass or machine must 
bo removed, and under the curl is placed a 
“ rope ” or “ roll pad,” whilst the brim is warm 
and pressed on the ” rope ” with a grooved plough. 
This “ rope ” or pad is made from calico or tissue 
paj>er, the former preferred, as it lasts considerably 
longer. The curl is now really shaped, but to 
prevent its losing its rotundity it must be ironed 
along the top edge, which will produce a shiny 
surface on the merino. After sufheiinit ironing, 
the grooved plough again coim‘s into use in 
pressing and keeping it to the shape of the ropes. 
When the rope is removed, a perfectly forim'd 
curl is the result, but to ease the setting of the 
httt it is necessary and expedient to rofmd the 
btim. To do this successfully it is iinperativo 
that great care should h(‘ exenused. 

Get a piece of swansdown, about 1*2 in. by 9 in., 
and place it on the merino (with tip of eroAvn to 
plank) ; then take a sponge and damp about 
1 in. wide from the curl ; rub over with the iron 
a few times, when the steam will have sullrciently 
warmed the brim to make it 
pliable. With first finger well 
under curl and thumb on the 
merino side of brim, pull round, 
beginning at the farthest point 
from you. As in curling, so in 
rounding, the greatest rounding 
shotdd be in centre, tapering to 
each end. This will leave tlie 
front and back of brim i)erfectly 
flat, and, aftxu' curling both sides, 
the fwrUs can b(^ put in. Place 
hat on tip, with the curls parallel 
to you, then gently rub (he iron 
along the inch or so of brim that 
has not yet been touched, until 
it is bendable ; pinch it as in 
curling, joining the two (mils 
together, get the front yrooro., and 
work it along until the front is 
level. C-are must be taken to s(‘e that the ends 
of the curls are evenly joined together by the 
front, and after front and back have been put in 
the hat is curled, but not quite finished, for you 
will observe that the edges of the curls are rough. 

Paring the Curl. To put a perfect finish 
on the curl it must be pared or chipped. First 
get a knife — one made from an old razor is best 
as it lasts longer— which must be shaped and 
cut out at the front and back, leaving it very 
small and level. With a paring machine the 
sides must be cut to make the edges smooth and 
both curls equal in size. It will be seen that the 
plush and merino make the curl look ragged and 
very untidy, but the knife run under or along 
the edge of the curl will remove the former, whilst 
the latter may be cleared away by the use of 
scissors. A piece of fine sandpaper run along 
the edge of the curl will mend it in appearance. 
The hat is now placed on a “ horse,” an arrange- 
ment made of wood hollowed out at the top to 
allow the hat to fit steady, with a “ duffer ” in it. 
A duffer is placed in the hat to prevent the heat 
of the fire from drawing the crown of the hat out 


of shape. It is mode from paper or felt and fits 
close to the head part of the hat. When the hat 
is waim enough to be bendable, it is ready to bo 
set. Ware must he taken not to have it too warm, 
or it will cockle the brim, making it very uneven. 

The shaper places the tip on tlie plank and begins 
to make the hat< the shapes n^tpiired. Wlnm the 
sides are set to the desired width it will he seen 
that the back and front look hollow and unlcvcl, 
(\specially in the band which is near the head part. 
To put it level a cloth has to be plact^d across the 
front, watiir it with a sjxmgc, and (him iron it 
until it is again workable ; t urn it over, and with 
a flat plough work the top side of tho brim 
whilst the underneath is plac(*d on a ” chet«o ” 
or ” half frame.” It must then ho worked with 
thumb and finger until it is straight, the shoulders 
are level, and tho curl is in perfect symmotiy 
with tho brim. It is now ready for tho trimmer. 

Trimming. The trimmer receives tho hat 
after being sliaped, along with tho following 
trimmings : Hand and binding, tip paper, side 
paper, silk tip, silk side, leather, tassel, and 
sticker. First find the centre of brim at back of 
hat, then meiusure binding round 
the edge*, and, after cutting it< (<► 
the size, sew the ends very luially 
before sewing it on tho brim, the 
seam to be at back of hat. The 
binding will then be on the top 
side of brim with the stitches 
going through. It must be rubbed 
on the underneath with a bobbin, 
to prevt^nt the stitches showing 
through the binding. Now turn 
the binding over curl, and sow, 
or ‘‘ whip ” it to the merino 
underneath. Then tie the band 
round tlie eroum of hat, placing 
bow on left Bid(^. 

Take tho tip paper, which is 
very stiff, place it on the tip on 
hat, and make an imprt^ssion 
round the edge with thumb and 
finger, whk'h, after cutting, gives the size re- 
quired, and is ready for the silk tip to be 
stitched on. The silk side is now sewn round 
tlie edge of the tip and tho ends ” lun up ” 
together, the whole forming the lining, but 
b(^f(Jre putting it in the bat the side paper is 
fixed and nuvde firm with a little past^j ; this 
prevents the cidour of the body from showing 
through the silk side. After fixing the lining in, 
sew it round the top of the i3aper, which causes 
it to ” bell,” through its being cut on the bias, 
or cross. The leather is to be measured round tho 
inside of the hat and the ends cut so that they 
will just meet, both being cut on tho slant, so 
that a little more will be cut off the bottom than 
toj). Place tho odgem of leather together, and with 
a sticker (a gummed piece of pap(?r) fasten thcmi ; 
also make tho tassel into a ” how ” and stiteh 
it to the back of the leather. Now place leather 
in hat, putting the scams of binding and leather 
in the centre of tho back of hat. (iet a thin cord 
(top cord) and fasten it on top of leather with the 
stitches used for 'sewing the leather tc") merino [ 41 , 
It prevents the top of the leather from showing 
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through the stitches and gives it a more finished 
appearance. 

The hat is now ready to bo returned to the 
shaper, who, with his brim iron, irons the brim 
and brushes it until the plush presents a smooth 
and finished appearance. Run down the band with 
a band peg or thin piece of wood, strip the paper 
cap, iron the crown, and follow with a velvet 
velure. Put on the white cap, and the hat is 
completed. 

CAP-MAKING 

To-day, cap-making gives employment to 
thousands of hands, hat special factories and 
machinery, a:\d large sums of money are in- 
vested in the industry. But there is no 
reason why caps should not bo made by any 


person who has a knowledge 
N V. j of producing other articles of 

■ i wearing apparel. 

•S;. \ I As a home industry, how- 

I ever, cap- making has largely 
I died out. It has been killed 
I by machinery, skilled factory 
-v. X / i organisation, and subdivision 

j of labour. All these things 
/ j tended to make the cloth cap 
^ j wonderfully cheap, but since 
i f I the introduction of a much 

j higher class for motoring pur- 
/I' / poses, and of a greater degree 
j J /.•. of artistic design in those now 

/ \ / worn, prices have risen to so 

' I v/ \\ great an extent that a really 
/ X • ^ well-mafle cloth cap is rated 

tj at a price practically equal to 
ij that of the best kind of bowler 
jl or the cheaper make of silk hat. 
■j Still, there appears no rcjason 
^ \ ii why cax>- making should not be 

V /j dtweloped as a homo industry. 
/ : 1 1 is comparatively simple work. 

The ordinary kind of cap is 
ij produced from eight three- 
il cornered pieces which, when 
, /// laid out liat, would form the 

: segments of a circle. 

In the factories these pieces 
• I are cut from cardboard discs 
representing the different sizes. 
/ i Thus, the cireumf(?rence of the 
/ \ disc for size (>J would bo about 

•; 25 in. The actual circumference 
! for a size of Of is 22 in., but 
■ t the extra inches are allowed for 
! the scams. By careful cutting 
\ 1 a yard of cloth 54 in. wide 

I /X \ r. would make a dozen golf caps 

/; V‘., /! of average sizes. 

V/ L ; * ! Gettiiig the •• Lay/* The 

V / \ • t! usual practice of the cap 

\ / V* y manufacturer is to purchiise a 

= number of pieces of tweed 
fj made in the large home-spun 
I ■; chock patterns which are now 

i "'’ the favourite designs. When 

these aro delivered at his fac- 
tory the first process is to get 
what is called “the lay ” ; that is, to arrange the 
cloth so that the caps can be made with the least 
possible waste of material, due regard being paid 
to the necessity of matching the pattern when 
the pieces come to bo put together. 

When this has been done, a pattern is cut 
out of several thicknesses of cloth by means 
of a band knife, which will cut through a hun- 
dred layers of the material as easily as one. 
The parts aro then ready for the machinists, who 
stitch the several pieces together, after which 
the partly made-up cap is passed (jui to the 
finishers, who put in the linings — which are cut 
by the same process— cover the peaks, put 
strapping, on the seams, and complete the work. 
^ In the making of the caps there are four 
distinct processes : cutting, machining or sewing. 
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pressing .and finishing. The w orkers become 
exceptionally expert in their own particular 
departments. The cutter can lay out his 
cloth so that there is no waste, the machinist 
can join the pieces together with marvellous 
quickness on the electric jXiworsewqng 
machine, the pri'ssers open the scams 
and mould the shape on blocks, and 
the finishers can complete the article 
with wonderful rapidity. With the 
exception of the cutters, the hands 
are women workers, and one export 
cutter can easily keep fifty or sixty 
machinists busy. 

The term “ finishing ” includes the 
process of sowing in the linings and 
other hand work, and sometimes the finisher doc's 
the pressing and blocking. When the cap leaves 
tho hands of the machinist it looks like a clolh 
bag, but by careful manipulation upon a wooden 
block, and by tho aid of a heavy iron like a 
tailor’s goose, the seams are pressed 
down and the cloth shajujd rtuwly to 
wear. On an average a cap j^asses 
through nine processes and through 
tho hands of as many workers before it 
is complete. 

The rapid growth of the trjule w'ould, 
of cou!so, have been impossible with- 
(.mt the sewing machine and the band 
knife, but especially the first named. 

A cap factory, in its way, shows some 
of the best points of modem industrial 
organisation. The different proct'sses 
dovetail into oacih other, and there is 
no waste of time or energy. The result 
is that a good, useful cap can be made 
to sell at a shilling, which fiflo<‘ii or 
tw'tnty yeai's ago would have cost five 
tinuis as much. Tlie employes earn a 
fair living wage on account of the large 
quantity they can produce with the 
aid of machinery, skilful organisation, 
and careful subdivision of labour. The rotvsem 
that tho cap trade has settled down in London 
and Leeds is that it is an twljunct to the 
ready-made clothing trade. The class of labour 
required is very similar, and in both London and 
Leeds there is an unlimited supply 
of skilled machinists. When 
w'ork is slack in the clothing fac- 
tories they can work in the cap 
factories, and vice versa. 

Sixes. It is worthy of note 
that north of the Humber tho 
caps in demand are of a larger 
size than in any other parts of the 
country. The average size 
throughout Lancashire and York- 
shire and the Northern counties 
is ; in the South it is 6}. Tho 
sizes of the caps start at 5 and 
go up to 7J. After that they are 
called “ out sizes ; 7J is considered large, 7| 
is seldom asked for, whilst 7^ is thought ab- 
normal. A man with a head above that size 
would have to have his cajw specially made. 
The first size (5) fits a head of 18 in. in circum- 
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fcrence, and each additional size means a«i 
average increase of in. The medium size 
(6j) fits a head circumference of 21 in. A size 
is obtained by taking the length and breadth of 
the head, adding them together, and dividing 
by two. The golf cap is the favourite 
style for mou’s wear, but a great 
variety of shapes are prcKlueed, and 
tho different patterns of a largo manu- 
facturer will number a couple of 
hundred. 

'^I'ho variety is caused by tho differ- 
ent fashions in women’s and children’s 
(^aps, and a gi eat demand has 8])mng up 
recently for wonum’s golf and motor- 
ing caps. ^Jhe characteristic features 
are, however, retained in the various styles, 
the chief differences being in respect to size, 
shape of peak, and other details. 

The accompanying diagrams show the method 
of cutting two of the standard shapes, and also 
the service caj) known tis tho “ Glen- 
garry.” Siz(^ 7 is taken as a nuKlel, 
and Jis tho figures correspond to those 
of tho ordinary inch tape, modifica- 
tions both as regards size and stylo 
can easily be introduced. 

The Golf Cap. Tho golf caj) is 
cut in ten pieces, eight of which are 
sections of tho upper part of tho cap, 
and the remaining two form tho peak. 

’Hie accompanying iliagram [8] is a 
reduced model of one of the best shapes 
of a Icjiding maker. The size ean be 
varied by aclding a little to, or taking 
a little from, the various seams ; tho 
inside portion of tho peak is out of the 
same sha;)(*, hut rather smaller than 
tho lower diagram. Tho various parts 
should he taken from the cloth in 
much the same way as tlujy are 
arranged on tho diagram, and should 
be cut exactly on the line, as provision 
is made for j in. scams at all parts. 

Now baste the various parts together and 
sow the seams by ma'diine, making tho scams 
J in. wide, and in doing this, care must bo 
taken to get a neat finish at the point whore 
all the sections meet. In order 
to do this, the best plan is to 
make up tho two sides first, and 
then seam these ti>gothor from 
front to back. Prior to this, how- 
ever, it w'ill be advantageous 
tx) press tho seams. Cap -makers 
have proper blocks for this, the 
shape varying with each stylo of 
cap ; much may bo done by turn- 
ing a sleeve-board on its side and 
using tho rounded end. Tho scams 
being sown and pressed open, the 
peak is made up and stitched, and 
in order to ensure its being put on 
in tho centre, fold tho peak over and make a 
notch, putting this to the centre seam in front, 
Tho peak is Ihied through with heavy canvas. 
The edge of the cap is now turned in, and 
ready for the lining, which is done in 
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various ways: (1) A lining , of silk the same 
shape as the outside, whic^h is felled round the 
edges. (2) A leather headband round the 
bottom, and a silk head lining in the crown 
after the style of a hat. (3) A leather band 
and the seams covered with galloon after the 
manner shown in the sketeh, the galloon being 
stitclied on so as to cover the seams and make 
a neat and light finish. 

The U)p of the cap where all the seams meet is 
usually covered with a small button made of the 
same mah'rial. 

The front is provided with a hook and loop or a 
glove fastener to make it pouch over in front, 
and sometimes ventilators arc put in the crown, 
after the style shown in the sketch. 

There is room for a good deal of skill in the 
finish of caps, and this has more to 
do with the pressing than any other | 
part; the superior shape imparted to 
those made by high-clcoss firms is due 
to the extra facilities they have in 
the way of blocks and so on for the _ _ 

pressing purposes. 

We also give another stylo of cloth 
cap, with a flatter front and not so 
full a crown [6]. This is a style of 
cap veiy popular in the North of 
England. Thousands of these are tSSSEXBOOSE 
macie up in Leeds, where they are 
produced very cheaply in the way 
previously described. The lay here 
given 15] wius photographically re- 
duced from one in use at one of the 

largest factories. It wfill bo st^en that 
no matcriaJ is wasted, and in order 
to avoid confusion th(? various parts 9. strav 
are marked in niunbers. "Tlu'se lays « Petlai whit 
are prepartKl in buckram and are rf. ‘Tust an wh 
perforated; they are then placed on iKMiai white 
the cloth from which the caps are *'*’’^ti(''hiack 
to be cut, and a ])tul containing 


9. STRAW PLAITS 
a. Petlal white b. Canton 
white c. Kino rustic white 
rf. Tusfaii white e. Klne 
(KMial white /. C<»arHe 
ruHtie w'lhte g. Ooai-se rns- 
tie hlack and white 


STRAW HATS 

The making of straw hats, especially for. 
women's wear, is one which can bo easily carried 
on at home, m no expensive appliances are 
needed. 

Straw hats are roughly divided into two classes, 
“ block ” and “ shape ” styles. The first have 
hard crowns and brims, and the shaped styles 
are usually soft and flexible. The “shape” styles 
arc, as a rule, confined to the various sailor 
types, and to make thecn a bk>ck is neeossary. 
Th<? straw plait is s(?wn into a circular mat, 
and then placed over the block, and by means 
of a hot iron it is manipulated into the same 
shape iis the bkx'k. This forms the crown, and 
the rim is blocked and pressed in the same 
fashion. The rim and crown are then sewn 
together, and the hat is ready to 

be trimmed and lined. 

As stated, blcK^ked hats are for 
the most part factory made, but the 
shaped styles for women’s wear can 
_ ^ ^ be easily made at homo. The first 

ttejte Mli thing necessary is to get the skole- 
which is made of wire. This 
bought ready-made, or it; can 
be fashioned. to suit the individual 
MMMMM taste. A plain hat of the sailor 
pattern can be made with three 
circles joincjd together by oblong 
pieces, all of wire. Upon this skele- 
ton the straw plait is sewn, and 
when the hat is coTn])leie the wires 

can be removed, or if it is desired 

they can remain in the hat to enable 

it to keep its shape. ITiero is a 

PLAITS great variety (>f colours and styles, 
b. Canton from the fine and narrow English 
whUe Fnmch plaits, and what are 

/. i\mvm described as the rustic Japanese, 

■ which are the largest and coarsest 

'' kinds f9J. It will c^asily bo seen that 


powdered chalk is passed over it, and the outline 
is marked. 

The Glengarry Cap. By way of making 
this article complete we give ditugrams showing 
how to cut a Glengarry ca}) with part to turn dow n 
over the ears and hujtcn under the chin (7]. This 
dic.^ram has no provision madt? for seams, and the 
siz(i head it will fit is 7. Figures a and 6 repre- 
sent the sid(s c the petik, and d the crown. 
Two each of these pivts arc reepured for the cap, 
t^)gether with pc»’.k, lining, and lining for h. 
The peak is cut on the crease. The process of 
making is much the same as already described, 
though the peak would be finished in softer 
style. 

Wo give illustrations of this cap folded up, 
and also in wear with the ear laps brought down 
and fastened under the chin |’7 <j and 7/]. 


a hat can be made of a broad plait much more 
quickly than from a narrciw one, and for that 
reason the broad plaits art? much more in favour. 
The plaits are sold in bundles 12 yd. long, which 
is sufficient to make a la^ge hat. The price per 
piece, or bundle, is from fid. to fls., accoi'ding 
to style and quality. The wnre skeleton costs 
only a few pence [see also Millinery, page 
2237], 

For men’s and boys’ straw hats the principal 
shapes are the “ Boater,” which has a flat top, 
and a flat brim of varying degrees of width, 
and is mtule from both the fine and coarse kinds 
of plait; the “Trilby,” or Alpine style, with 
indented crown, for which the fine Tuscan or 
pedal straw is used, and the ‘‘ Panama ” shape, 
for which the finest plaits are also required. 
The Tv.€k\ Panama is not made from straw, but 


The following table gives the ordinary range from a long grass grown in tropical and sub- 
of sizes, together with the head measure- tropical countries, and the hat itself is plaited 
ments to which these sizes correspond: from the grass fibres, considerable time being 

occupied in the process. 

The scale of sizes given for cloth caps 
wrill be equally serviceable for the 
ordinary shapes of straw hats. 
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FELT HATS 

Hundreds of machines have been invented 
for the manufacture of felt hats, the end in 
view being to obtain the best machine pos- 
sible for converting the w'ool into a good felt 
hat by the aid of lieat, moisture, and friction. 

As nearly the whole process of their manu- 
facture is by machinery, we shall here consider 
the materials used and cpiantities required 

Cleansing the Wool. Felt hats are made 
from the fur of the rabbit, beaver, nutria, etc.. 
After obtaining the wool, it is necessary to give 
it a thorough washing to free it from the natural 
yolk or animal grease, or any foreign su]>stance. 
the wool contains, b(‘fore the felting of>ci'ation 
can be begun. It is afterwards ])asscd through 
a “ willow ” for tire purpose of ojrening it out. 

The carbonising process may be done in a 
variety of ways by using a dilute acid, t he object 
in view being to destroy all the vegetable matter 
wliich clings to the wool, for the i)rescnce of any 
such matter has a ^ 
tendency to disliguro 
the appearani'C of the 
hats when iinislied. 

The wool is tlicn 
passed through a 
carding (uigine. wuth 
its several rollers, 
wire combs and cylin- 
ders, which ojKUis it 
out to an almost 
cobwebdiko textun*. 

It is next taken to 
the forming card, in 
front of which is 
placed the “ forming 
machine ” [10|. and, 
as the wool is st rip])cd 
by the comb from the 
(lolTcr, it is taken up 
by the forming cone, 
which revolves upon 
four rolling cones. 

This machine has an 
oscillating motion from lett to right, and vict^ versa. 

The ••Forming” Process. By this 
means the wool coniing from the dotfer is crossed 
as it is received upon the double cone. This 
crossing of the wool upon the cone greatly facili- 
tates the felting process. The reader will under- 
stand why this is if he refer to the articles on 
hbres on page 1159, and notice the structure 
of the wool fibre, the serrated ends, and the 
scales overlapping each other, wliicdi become 
interlocked in the oj)eration of felting. When 
sufficient wool has' been delivered upon the 
double cone, it is cut in two by the insertion of a 
pair of light shears in a recess which runs round 
the larger diameter. The forming is conducted by 
women, whose sensitiveness of touch enables them 
to determine when a sufficient weight of wool 
has been delivered on the cone. After leaving 
the forming department, they are passed on to 
the hardener. There are two different methods 
of doing this, called “ cup and cone ” and “ flat ’* 


hardening. The “ cup and cone ” hardener is a 
machine posstssing a slow rotary movement. 
The wool “ forms are placed on a ])erforated 
coi)])or cone, heated by st(*am ; between each 
form is placed a cone-shaped cloth, to prevent 
the forms adhering to each other ; the cup is then 
])laccd upon the cone, and its quick n^ciprocating 
inoveim‘nt gives tlie first operation of ftdting. 
M'he “ flat ” hardener performs precisely the 
same function as the hanhmer ; but hero 
the felting is performed by friction betw'con 
tw'o plates. 

“ Planking.” Planking - the next process - - 
is the second operation in fi'lting ; the “ forms ” 
are the same* IcMigth and width as w'ljen tliey left 
the former — I t in, by 21 in. — but the soft, wool- 
like appearaiua^ they poss(‘ss has V)0(;n (ilianged 
to a eloth-like texture by the first felting process 
— that of hardening. In the planking depart- 
ment, “ battm-ies ” arearrangcjd to accommodate 
from four to six men, the i)lanks Ix'ing about 30 in. 
by 40 in., in the centre of w hich is a large kettle 
filled w ith water, and 
heated by steam or 
fire to boiling-point. 
Then the plaiiker 
tak(‘s three or four of 
the forms, rolls them 
in a cloth, dips tlumi 
in the boiling water, 
and rolls tluMii on t he 
plank to assist the 
shrinking operation, 
af torw^a rds taking 
them from the. eloth, 
to change their ]M>si- 
tion l)efore again 
r(‘j)eating the same 
operation, to koep 
th(uu in sliape and 
prevent adhesion to 
each otIuT. They are 
then taken to the 
“ settler,” who rolls 
the forms in a cloth 
and plac(‘s them be- 
tween the four rollers of the “settling ” machine, 
the rings of which run in a transverse direction, 
the rings on the front rollers running from right 
to left, those on the back ones vice vi*!*sa. 

The hat “ forms ” are felted up by this machine 
4 in. or more if rerpiired. They arc then j>laced 
in the “ bumpers,” wdiieh machine t;ontains a 
pair of large blocks of oak, in the pit of which you 
place th(' hat “ forms ” or “ hoods,” where they 
are ])Ounded and milled up to the required size. 
The finishing touches in this d(‘partment, so far 
as machinery is concerned, are given on the 
“ stumping ” machine, which is somewhat like 
the settling ” machine in construction. 

They are now given the finishing touches by 
hand at the battery, after w'liich they are j)ut 
into hot water and washed to free them from 
the .sulphuric acid used in planking to assist the 
process of felting. Now they are placed on a 
w'ooden cone-shaped block to free them from the 
marks that have been caused by doubling them 
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in planking. They arc then placed in the stove 
to dry. We have now reduced the hat from 

14 in. by 21 in. to OJ in. by 16| in. The best 
bodies are produced by the subtlest of all 
machines — the human hand. No machine yet 
contrived for body-making can equal the fine 
machinery of the human finger. 

Stiffening the Shape. The next process 
is that of “ proofing.” or ” stiffening,” so that 
the hat will retain its shape, and become im- 
pervious to rain. For this purpose a double- 
jacketed pan is required, to dissolve the ne- 
cessary ingredients, heated by steam, in which 
which place 14 lb. of resin, fij lb. of borax, 
60 Ib. of button shellac, and 20 qt. of water. 
Dissolve the rosin and borax in the water before 
entering the shellac, and after the whole mass 
has dissolved shut off the steam, and allow it to 
cool down a little ; then add water until it is the 
strength required for the purpose of stiffening 
the hats. Two large mugs, or troughs, are now 
required, to bo filled with proof of different 
strengths — the stronger for the brims, and the 
weaker for the crowns. 

The hat bodies are still cone-shaped, and, to 
start proofing, take hold of the tip or crown with 
the left hand, immerse about 4 in. in the strongest 
proof, place it on the bench, and with a piece of 
wood about 6 in. square held in the right hand 
draw off the superfluous i)roof, then croze it, and 
repeat the operation. Now allow it to set while 
a few more brims are done. 'Phe hats arc then 
dipped bodily into the weaker solution for the 
crowns, the ” dry-board ” being us<id to draw off 
the excess of proof. Then allow them to drain 
and set, after which they are placed in an iron 
steam-chest, containing cone-shaped stands. 
Ihit a dozen hats on each stand, cover with a 
cloth, close the chest, and turn on the steam, 
which must not be below 30 lb. pressure to the 
square inch. Allow them to remain 40 minutes, 
then shut off steam, and spread bodies to cool. 
Now put them in a stove heated to 120° F., 
where they remain three hours. Again steam 
for another 40 minutes at 30 lb. pressure to drive 
the proof to the interior of the body, so that 
the surface of the hat will be free from all foreign 
matter. After taking them from the steam- 
chest, allow them to cool. Take a stiff bnish 
and brush the hats well, inside and out. Up 
to this time the hat body is yet of a conical shape ; 
forming, hardening, planking, and proofing 
have followed each other in turn. 

The hat is now taken to the “ blocker,” and 
by him the cone-shafK'd body is pulled out 
round the edge to develoj) the brim, and the 
upper part is widened out to form the tip and 
side crown. 

Next fill a large tub with wak'r ; bring it to the 
boiling-point ; then dissolve 6 oz. bichromate 
of potassium and 6 oz. of copper sulphate. 
After dissolving these in boiling water, put in 

15 dozen hat bodies, keeping them on the move 
for 30 minutes, afterwards passing them through 
clean water. The process described is termed 

mordanting,” which prepares the hat to receive 
the necessary colouring matter. By the time 
” mordanting ” iS^:^8hed the vat, or dye-kettle,' 
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should be ready to receive the hats. Take 36 lb. 
logwood, place it in a coarse bag, swing it in 
the dye-kettle, and allow it to boil until the 
dyeing material is extracted from it ; then take 
it out and put into the vat IJ lb. verdigris and 
lb. iron sulphate. This may be improved 
by the addition of 2 lb. indigo extract. See 
that all the materials are dissolved before putting 
in the liats. After putting in the goods, keep 
the solution near the boiling-point for 90 min- 
utes ; by that time the hats should be of a good 
black. Then take them out of the vat, pro- 
viding the necessary depth of colour has been 
got, and place them in a tub of cold water, and 
allow them to remain some time before washing 
them in warm water. 

The hat is now returned to the blocker — a 
man working at a battery similar to that de- 
scribed in ” planking ” — who is provided with 
wooden blocks, the size and shaj)e the hats are 
required. He softens the body in boiling water, 
then pulls it on the block and slips a cord 
over it to keep in position the part inknded for 
the crown. He then softens the brim part, 
takes hold of the edge between fingers and 
thumb, working round the hat, and following 
with left hand fiat on the brim until it is the 
required shaj)c. He then dij)S it in cold water, 
takes it off tlie block, and allows it to drain 
before placing it in the stove to dry. When 
dry, brush it well with a stiff brush. The hats 
are now taken to the ” presser,” a man provided 
with iron-moulds or dishes. He places the correct 
siz(5 and shape in a hydraulic press, puts the hat 
in a steam or gas oven to soften, then placets it 
in the ” disli,” closes the press, and turns on the 
pressure of 400 Ib. to the square inch. The 
])resses are provided with indiarubber bags 
containing tlu^ pressure, so that it may be evenly 
distributed ovc^r the whole surface of the hat.. 

The Finishing Process. The finisher ” 
then takes the hat in hand, and on a quickly 
ri*volving lathe smoothes its surface with glass- 
paper, afterwards polishing with tallow, dissolved 
by a gas heater and applied with a velurc. 

The rough edge is then cut from the brim 
by the rounding machine. Up to this time the 
hat brim is perfectly flat, but is now taken in 
hand by the curler, and placed on a steam baker, 
so that the brim only is softened, then put on a 
“ spit ” frame, which is placed in the hydraulic 
curling machine. After (dosing, the pressure 
is turned on from the accumulator, entering an 
indiarubber bag, by which it is distributed over 
the surface of the brim at the rate of 400 lb. to 
the square inch. The frames are made in all 
the shapes and sizes requin;d, and, being mode in 
sections, they can be taken from the brim without 
altering the shape or breaking the curl. Ai.hot 
iron is run over the edge so that it will 
retain its shape ; then cut the rough edges from 
the curl until it attains its proper dimensions. 

It is next sent to the “ trimming ” department, 
where the brim is wired, the banding tied in a bow 
and fastened to the band of the hat, the binding 
sewn round the curl, and tlie leather and lining 
pitched and fastened in their respective positions 
by' womens after which they are velured. 



6R0UP 23— METALS & MINERALS AND THEIR MANUFACTURES— CHAPTER 21 

The Manufacture of Gunpowder, NUro-glycerln, Dynamite, 

Blasting Gelatin, Cordite, Ballistite, Guncotton, and **T.N.T.” 

MANUFACTURING EXPLOSIVES 


CiNCE its inception until the present day the inanu- 
^ facture of explosives has been associated with 
the study of chemistry. W hoever may have iTeen 
the genius that first applied the fireballs* of the 
ancients to the propulsion of projectiles, there can 
bo little, if any, doubt that these early experimenters 
were among the fore-runners of the modern chemist 
— the al-chcmists. No definite date can bo given 
for the invention of gunpowder, but the first 
references to its use as a propelling agent date from 
about the middle of the fourteenth eentury. From 
that time onward it spread throughout Euro|)e with 
great rapidity, as the numerous references to it in 
early European literature<»show. Gunpowder at 
the beginning of the nineteenth century was 
essentially the same as when first invented. A 
few slight alterations in the jiroportions of the 
ingredients and a little more care in theii- purifica- 
tion covers the improvemont effected. Inventive 
ingenuity seems to have turned in the direction of 
firearms, satisfied that l)ie propelling agent was 
more than sufficient for the work it hod to do. 

It was not until the middle of the nineteenth 
century that the series of discoveries was miwle 
which revolutionised the explosives industry. In 
1845 Schdnbein showed that cotton could be 
rendered explosive by treatment with nitric acid, 
and experiments by numerous other chemists soon 
reduced the discovery to a practical hasi.s. The 
invention of nitro-cotton was followed in 1840 by 
the discovery of nitro-glyrjorin by the Italian 
chemist Sobrero, and Alfred Nobel, whose name is 
inseparably associated with high explosives, suc- 
ceeded in overcoming the difficulties connected 
with the application of it to practical jiurposes. 

The two essential discoveries on which the whole 
science of, high explosives is founded are those of 
nitro-eotton and nitro-glyccrin. The great majority 
of the explosives at present on the market under 
an infinity of names are mixtures in which the 
principal constituent is one or other of these sub- 
stances. 

Gunpowder. Black powder differs from 
nitro-cotton or nitro-glycerin in being a mechanical 
mixture, not a chemical compound. Its ingredients 
are simply intimately mixed together and are 
quite inert towards one another until the applica- 
tion of heat causes them U) combine chemically, 
with formation of a mixture of gaseous com- 
ounds. It is this rapid chemical action or com- 
ustion which, owing to the great expansion due 
to the formation of gases, causes the explosion. 
The ingredients — sulphur, saltj)etro, and charcoal — 
are mixed in the proportions which give fairly 
complete combustion, and, consequently, leave a 
very small amount of residue. Sulphur and 
charcoal are both combustible bodies, requiring 
only a sufficiency of oxygen with which to combine 
to convert them into gaseous compounds — -the 
oxides of sulphur and carbon. Saltpetre, or 
potassium nitrate, is a salt rich in oxygen. 'Under 
the application of heat the oxygen in the saltpetre 
is transferred to the sulphur and carbon, with 
formation of gases. At the same time nitrogen. 


also a gaseous body, is liberated from the saltjietrc, 
and other complicated changes take j>lace which it 
is not necessary to detail here. 

Saltpetre. Saltpetre is a natural product, 
found as a crust on tlie surface of the land 
in various jiarts of the world, notably in Hongal. 
The crude saltpetre is collected and its solution 
purified by crystallisation —th it is, it is dissolved 
in water, freed from dirt and other insoluble 
matter, and evaporated by licat, so that tho 
salt crystallises from the concent rated liquor in 
a purified form. The Government factory at 
Waltham Abbey, which may be used as a typo 
of a modern explosives factory, refines its saltpetre 
as follows. The vats in which the crude salt is 
dissolved are filtetl with a perforated false bottom, 
through which solid impurities settle out. Heat is 
applied, and when tho solution boils it is skimmed, 
and the false bottom, containing the dirt, is with- 
drawn. When all the scum lias boon removed, 
the solution is run through cloth filters into shallow 
pans, where the crystals separate. During crystal- 
lisation tho li(juor is kept in motion so that tho 
crystals may be small. As they form they are 
withdrawn from tho solution and drained. The 
crystals are then washed several times with water. 
The mother-liquors and wash-waters are, of course, 
worked u)) with subsequent batch(‘S of crude salt. 

A large proportion of the saltpetre now used on 
the Continent is ])reparod artificially, from sodium 
nitrate or Chili saltjictre, and ])otassium chloride. 
These salts are both found native, and by double 
decomposition they may be converU‘d into potassium 
nitrate (saltpetre) and sodium chloride (common 
salt). Those salts are then seiiarated from one 
another by (jrystallisation, which is rendered {lossible 
by their different degrees of solubility in water. 

Sulphur. Sulphur, the second ingredient of 
black powder, is also obtained from the earth, large 
quantities coming from tho numerous mines in Sicily. 
The crude ore is burnt in heaps, so that the suliihur 
melts and runs into a receptacle, fiom which it is 
drawn off and run into moulds. Before being in- 
cor})orated into powder it has to be refined. Tho 
method in use at Waltham Abbey is substantially 
as follows. Tho crude sulphur is introduced into 
a still which can be closed by a cover. This is in 
connection with two rccciver.s, one of which is used 
to collect the va])ours before and after the actual 
distillation, the other to collect tho purified sulphur. 
During tho early part of the distillation the vapours 
are conducted to the former, wheie they cool in 
the form of ilowers of sulphur. These arc collected 
and re-distilled as crude sulphur. When tho 
vapours from the retort change colour from yellow 
to purple, they are conducted to the second re- 
ceiver, which is cooled by water, as is tho pipe 
leading to it. The sulphur conden.ses in tho pipe 
and runs into the receiver in liquid form. Another 
source of sulphur, which has come to the front 
only within recent years, is the Chance process for 
the recovery of sulphur from the waste-heaps of 
the soda factories. The sulphur obtained by this 
process is purified as described above. 


EMBRAClNa IRON & STEEL, MINING, QUARRYING, COAL, PETROLEUM, GAS, GOLD 
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Charcoal* Charcoal was formerly obtained by 
burning wood in large heaps in such a way that it was 
only partially consumed. This old and extravagant 
method is now entirely superseded. The wood is 
subjected to a destructive distillation in closed 
cylindrical vessels. At Waltham Abbey the plant 
consists of a large cylinder into which a number 
of smaller cylinders, charged with wood and closed, 
are jiacked. The large cylinder (which is built into 
a furnace) is heated, the wood is charred and the 
small cylinders, still closed, are removed while hot, 
ami cooled before they are opened. In this way 
a great loss of charcoal, due to contact witli tho 
('xygen of the air while hot, is avoided. The 
charring of the wood is also easily regulated. 

Within the past century many chang<‘s have 
naturally been suggested in the composition of 
gunpowder. Tho use of sodium nitrate as a sub- 
stitute for potassium nitrate is found unsatisfactory, 
as the former is a very deliquescent salt. Am- 
nionium nitrate is even less suitetl to replace salt- 
jKitre for the same reason. Potas.sium chlorate is 
a salt very rich in oxygen, and many attempts have 
been made to introduce it into gunj)owder, but 
there are many objections to its use. It is a very 
dangerous salt to manu- 
facture on account of its 
great oxidising j)ower and 
sensitiveness to friction, 
and powders containing it 
evolve hydrochloric acid 
in the gun when tired. 

Tho introduction of 
charred straws to replace 
charcoal was an impor- 
tant advance, producing 
a slow- burning ])owder 
suitable for large guns, 
of high etliciency, especi- 
ally when moulde 1 in tho 
prismatic form, which is 
described later. 

The Grinding 
Mill. The sulphur, salt- 
])otro, and charcoal are 
ground to tine pow'der 
separately in a grinding 
mill, which may bo of 
almost any form. In early 
tiinc.s tho ingredients were • 
mixed, and then ground 
and incorporated in one 
operation ; but this plan 
was very unsatisfactory, as th*' mixture was never 
autliciently intimate, and the danger of explosion 
from friction was much greater. * The powdered 
ingredients are weighed out in the proportions 
desired, and mixed roughly in a cop]>er drum by 
means of a revolving shaft fitted with forked arms. 
(Jreat precautions are taken to prevent any foreign 
matter, such as scraps of iron, from getting into 
the charge. 

Tho roughly mixed charge — a “ green cliarge,” 
as it is called — is thoroughly mixed in an incor- 

rating mill of the edge- runner type [53], the more 
modern ot W'hich liiivo suspended runners, never 
actually touohing the bed. I’he • runners weigh 
about four ions, and the largest charge mixed at 
a time is 50 lb. to 00 lb., depending on tho nature 
of tho powder. The charge is spread upon tho bed 
of the mill, and sufficient water added to prevent 
tho material rising ns dust, but not enough to 
cause the powdor to cake on the ruiiners. During 
the mixing, «.dditional quantities of water are 
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added as the early supply is evaporated. The mixing 
lasts from three hours to six hours, varying witli 
the type of powder. A special drenching apparatus 
is fitted up, which pours water over the incorporat- 
ing mill in the event of the ignition of the cnnrgc. 
When the mixing is completed, the powder is in the 
condition of mill-cake. 

BreaKing the Mill-caKe. This mill-cake 
is broken to a convenient size by wooden 
hummers, and then passed through a breaking- 
down machine, which consists essentially of two 
pairs of brass rolls. The cake is roughly ground 
on the upper rolls, and falls through on to the 
second pair, where it i.s crushed to a fine powder. 
Tho pressing of this powder into a hard cake is 
now carried out, as a rule, by means of a hydraulic 
press. Alternate layers, consisting of powder and 
ebonite j)latos, arc built on top of one another 
on a trench which runs upon (ho bed-plate of the 
press [ 64 ]. When the pile is of sufficient height, tho 
trench is run on to the hed-platc, and pre.ssurc is 
applied gradually. Naturally, there are many 
precautions to be observed, and certain i^eculiarities 
in tho })rcss and method of manipulation ; but 
practical experience is the best, and is. in fact, the 
^ only means of becoming 
ac(juainted with the details 
of the jiroccss. The pres- 
sure is continued for a 
t ime, averaging about half 
an hour. Tho trench i» 
then withdrawn, and tho 
edge.s of tho cakes out 
off, as they are not jircssed 
to the same density as the 
body of the cake. 

The cake has now to 
be transformed into tho 
shape of grains. 1 1 is first 
broken to suitable size by 
means of wooden ham- 
mers, and then run through 
a breaking-down machine 
and sieved to size. The 
revolution of tho disc 
br(‘aks down tho lumps of 
cjiko, which, when they 
are sufficiently small, fall 
through the perforations 
on to a second perforated 
tray with very small 
holes, through which the 
too finely pulverised por- 
tion is sifted off. This second sieve may be made 
of hair instead of being ^rforated. and the first 
sieve is often in the form of finely-meshed brass gauze. 
A number of these granulating sieves, with weighted 
discs, are eonnect/cd together for economical working. 
By passing the grains through sieves o^ various-siz^ 
mesh, the powder may be sorted out into the sizes 
required for various purposes. 

Glaring and Drying Gunpowder. Tho 
powder is glazed by being rotated in a drum 
for some hours, the time varying with the size of 
the granules. After this it is dried. The drying- 
room is a large chamber heated by steam, in which 
trays containing the powder are laid out in racks. 
Tho temj)erature employed varies from 100° to 
140° F., and the powder takes from six to 
tweH^e hours to dry. When dry, the dust which is 
present among the grains is separated by rotating 
the powder for some hours in a closed cylindrical 
sieve, a small quantity of graphite being added to 
give a final gloss. The powdor is again passed 
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through sieves of various sizes in a final sorting 
(^ration to separate the different sizes of grains. 
The powder is now finished, and requires only to 
be blended to be ready for use. 

Composition of Gunpowder. The com. 
position of gunpowder varies in different countries, 
and also in accordance with the pur])oso for which 
it is destined, but the most largely used formula, 
and the one most generally accei»ted, is : saltpetre, 
75 parts; sulphur, 10 parts; charcoal, 15 j»arts. 
All other formulie approximate closely to this. 

Though black powder has been entirely super- 
seded as a propellant for Service jnirposes, it is still 
manufactured in considerable quantities, both by 
the Government and by private firms. Low-power 
practice cartridges and some kind of blank cartridg(‘8 
are loaded with it. It is also exportt'd. 

Nitro>Glycerin. When Alfred Nobid att(*mpted 
to adapt nitro-glycerin to practical purposes, he 
experienced great difficulty in finding a suitable 
form in which to use it. The first method, that of 
running the explosive in its litpiid form into bon*- 
holes, and then ex})loding it, was 
attend(Hi with great danger, and 
many disastrous accidents occurred. 

Th(5 carriage of the “ blasting oil,” 
as it was called, was another source 
of trouble, until it was found that 
the solution in methyl alcohol 
greatly decreased the liability to 
explosion. The alcohol was evapo- 
rated immediately before the nitro- 
glycerin was required for ust*. 

Kven then, however, the disad- 
vantages of a liquid explosive 
were numerous, and it was not 
until Nobel succeeded in finding 
a suitable absorbent that nitro- 
glycerin became a suoc(;ss. 

Nitro-glycerin is a chemical 
compoun<l formed by th(‘ a<jtion 
of nitric acid on ordinary glycerin. 

The glycerin used for nitration is 
practically pure. It must contain 
only minute traces of mineral 
matter, and its ash should be below' 

O'lO per cent. It is j)repared by 
the distillation of the crude 
glycerin from tho soap and candle 
factories, and in some cases is purified in the 
explosive factory. Needless to say, the glycerin 
is thoroughly tested in the laboratory before being 
used on tho manufacturing scale. 

The Nitration of Glycerin. Although 
the active ‘agent in the nitration of glycerin 
is nitric acid, in practice a mixture of nitric and 
sulphuric acids is used. When nitric acid acts 
on glyr-erin, nitro-glycerin and water are formed. 
As the action gocm on. tho increasing quantity of 
water rapidly dilutes the nitric acid, with the result 
that the action slackens and side reactions are set 
up. To obviate this, some body is rcMpiirc?d which 
has an affinity for water, and which will absorb it 
as soon as it is formed. Strong sulphuric acid is 
found to be the best suited for this purpose, as in 
tho mixture with nitric acid it has no action on tho 
uitro-glyoerin. The nitric acid used is, as a rule, 
prepared in the factory where it is to be consumed, 
and ill some cases a sulphuric acid plant has been 
fitted up. The proportions of the mixed acids 
vary in different factories, but on tho average tho 
mixture is about three parts of sulphuric to two parts 
of nitric. The mixing is carried out in large, wrought- 
iron cylindrical vessels fitted with either air or 


mechanical stirring to agitatr^ the liquids, and the 
acid is run from them to “ moutejus,” or ” eggs,” 
from which it is blown under pressure to the 
nitrating apparatus. 

The waste acid — that is, th<‘ acid after nitration, 
from which the nitro-glyctjrin has been eomplettdy 
se})arated — varies in composition, but averages 
67 per cent, of sulphuric acid, 1 1 per cent, of nitric 
acid, and 22 per cent, of water. It is not found to 
be practicable to make up this w^aste acid to its 
original strength, and use it to nitrate a fresh charge 
of glycerin, so it is stibjc*eted to a process of denitra- 
tion. Various methods are used to somrato and 
recover the acids, and of these the following has 
been widely adoptc'd. Tho waste acid, freed from 
niiro-glyccrin, is allowed to p(»rcolatc from top to 
bottom of a tower, various devices being made use 
of to expose' as large a surface of the liqeiid as pos- 
sible. Steam is [lassed in at the bottom of tho 
tower, and as it rises it carries away the nitric acid, 
which is condensed and collected in a dilute state 
in earthenware receivers. The waste acid, freed 
from nitric acid, is collected at the 
bottom of the tower, and consists 
of dilute sulphuric acid, which is 
concentrated by cvajK)ration of 
the water from it. 

The amount of aedd required to 
nitrate one part of glycerin varies 
in different works, but is usually 
from six to seven parts, anti tJie 
yield of nitro-glycerin is from 2!K) 
})er cent, to 220 ])(‘r cent, of thtJ 
glycerin used. 1'he Nathan [)lant 
gives a yield of 235 per cent. 

Nitrating Apparatus* The 
first operation in the actual manu- 
facture is the nitration. For 
convenience of working, the whole 
plant is arranged so that at the 
conclusion of each operation the 
nitro-glycerin may flow downwards 
to the building in which the next 
stage is carried out. Tims, the 
nitrating - house is, if possible, 
situate(l on the summit of a small 
liill. If such be not available, tho 
buildings are arranged artificially 
one above another, fn any case 
the plant is usually known as a “Hill” [55]. The 
nitrating apparatus consists of a large* load tank, 
in the; inte*rior of which are a number of leael 
coils, through which cold water or brine fleiws 
eluring the nitration, the objeset being to keep the 
temperature ele)wn. At tho bottom of the tank 
is a perforate*ei leael pipe, for the admissie)n of air, 
to ke;ep the ce)ntentH in a continual state of 
movement. A lead cover is fitteel over the tank, 
perforated with a small hole through whiejh the; 
thermometer bulb passes down into the aciel, anel 
with a large hole connected with a pipe to carry 
off tho acid fumes to a condensing apparatus, 
Several thick glass windows, circular in shape, 
are inserted in the cover, so that the cont^mts of tho 
tank may bo observed. There is an inlet pipe for 
the mixed acid, and another for the glycerin, tho 
latter being sometimes spraycjd in by means of an 
air-jot. At the bottom of the tank is an outlet pine 
through which the charge is run off when the 
nitration is finished. During the nitration the outlet 
pipe is invariably in connection with a largo tank of 
water, called the “ drowning tank,” so that in the 
event of any abnormality in the nitration the whole 
charge may bo drowned by the turning on of a cock. 
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Working the Nitrating Apparatus. 

The mixed acid is w(3ighed out and run into tho 
nitrating apparatus. When tho man in charge is 
satisfied that everything is in order, ho turns on 
tho air pn3ssur(*,80 that the acid is kept in continual 
movement. Mt'anwhih*, tho weighed quantity of 
glycerin has been run into a small tank, at 
B(iine height above; the nitrator, and connected 
to tho injector by a rubber hose. In winter it is 
necessary to have the glycerin slightly warmed, 
so that it will pass readily through the injector. 
Th(‘ glycerin is now added in a thin stream, the man 
in charge <)f the operation keeping his attention 
continually fixt'd on the scale of the thermometer 
where a red line at the figure 22° 0. (71’fi° F.) denotes 
the point above which the mercury must not bo 
allowed to rise. In Germany and other Continental 
countries nitration is carrie<l out at from 25° 0. 
to 30° C., but in Great Britain 22° C. is the limit. 
By regulating tlu‘ flow of glycerin and the supplj'' of 
water to the coils, the temperature can be main- 
tained constant to a degree during the nitration. 

The Separating Tank. When tlu* whole 
of th(; glycerin has been added, the charge is allowed 
to remain in tho nitrator until the temperatun; 
falls to about 15° (A (59° F.). Then tho whole 
charge is run into tin* si'parating tank through a 
lead ])ipe. 'Fhe sopaiating tank is of lead, solidly 
constructed. Its sides slope down to a glass view'iiig- 
cylinder, which is connc'etod to the waste acid tank 
and to the pre-wash tank. Jn about 40-45 minutes 
there is about 51 in. of iiitro-glycerin on top of the 
acids. 'I’his is run into the pre-wash tank. Then 
the waste acid is run off until nitro-glycerin is s(*eii 
to be coming into the glass cylinder, whc'ii tho acid 
cock is turned < ff and the rest of the nitro-glycerin 
run into the pn‘-wash tank. 

Tho main body of the nitro-glyccriii is then 
Bubji‘e,ted to a prt'liminary w’asbing with cold water 
in thc})ro-wa.sh tank. The nitro-glycerin and water 
are agitated togetlier by a stream of air jiassing 
through the tank at a pressure; of 50 lb. to tlie 
square* inch. AfteT thive washings a warm solution 
e)f sodium euirbeuiate is added to the water for the 
last washing. 

Washing Nitro -Glycerin. The nitre)- 
glyce*rin is now run e)ut of the pn>-wash tank threiugh 
a se*ries e)f pipes e)r ce>vercd gutters (the latter being 


often preferred, as they are more easily oleaned in 
case of stoppage) to the lead washing in the washing- 
house. At the ^ back of this building is a small 
shed, in which the solutions of soda are made up 
and heated by steam, Tho 8e)dium carbonate 
solution and hot water arc run into tho washing-tank 
and mixed by air pressure wdth tho nitro-glycerin, 
the temperature of the whole; not exceeding 30® C. 

After fifteen minutes’ agitation with tho soda, 
the air-supply is shut off, and the soda rises to tho 
top. A few minutes are allowed for the separation of 
the soda, and the solution is them skimmed off, or 
run off by means of rubber tubes situated at differ- 
ent levels in tlie tank, so that the soda solution may 
bo completely removed fronx tho washing - tank 
without loss of nitro-glycerin. 

The washings with soda are repeated three or 
more times until purification is complete. In early 
work with nitro-gl^^eerin many of the serious 
a(;t‘idents were due to the presence of traces of aci<l 
in tJie explosive, flight decompositions set in, and 
the nitro-glyeerin gradually ))ecame very unstable. 

To free the nitro-glycerin from sodium carbonate, 
ou<; or more water-washes arc* given after the last 
soda has been draw^ii off. The final w^ashing leave, s 
lint more than O'Ol per cent, of alkali. 

The much-improved nitrating and ])re-washing 
apparatus invented by Nathan, Thomson, and 
Bintoul luis b(‘(‘U in usu fee* some years in this 
eoiiiitry and abroad [55 a*i(l 56). In this the circular 
nitrating ve.ssel is fitted with an inlet for acid at tho 
bottom. At the* to[) is a glass separation chamber, 
from which a lat(‘ral ovcrllow i>ipo conducts the 
nitro-glyc(‘rin to the juv-wash tank. The mixture 
of aeul is run in from a high tank, and is air-agitated, 
while' the glycerin is s])raye'el in. The; agitation 
is steippeel whe'ii nitration is complete and tho 
teinpe*rature ha.s fallen slightly. 

Tlie; se*paration of the* iiitro glycerin proceeds in 
tho nitrate)!’, and the waste; acid from a ijrevious 
charge is allowed to flow in sle)wly at the; beittom 
of the tank. By this arrangement tho whole 
charge* rises slowly until the leve;l e)f tho clear nitro- 
glycerin is se^en in the glass separatie)n chamber, 
from which it is dis})laccd into the pre-wash tank, 
where it is drownoel in wgti‘r, tho rate of fleiw 
being regulate;d by ineaiis e)f a cock in tho waste 
acid inlet- pipe. By thi.s metheid tho whole of 
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j58. DIAGRAM OF RITBO-OLTCBRIN VITRATING PLANT, NATHAN, THOMSON, AND RINTOUL PROCESS 


lliiH illustration shows on a large scale the arrangement of tho nitnitor-separators and pro-wash tankH seen 

in tho diagram on page 27 SO 


tho nitro-glycerin is recovered with a minimum 
of trouble, and tho necessity of passing tho nitro- 
glycerin through any form of cock is done away 
with, thus considerably reducing tho danger of 
manufacture. In turning even the most carefully 
made and lubricated cock there is bound to be 
friction, and consequent danger. 

The Process of Filtering. As a rule, 
tho nitro-glycerin is weighexi off in the washing- 
-house. From the washing- tanks it is run into a 
r<^servoir tank through a filter, which renders it 
clear in colour, removing the minute particles of 
water and foreign matter with which it is mixed. 
Tho filter consists of a cloth filled with common 
sponges. Below tho reservoir tank stands a 
weighing-machine, or measuring vessels may bo usod 
to avoid this. 

Boxes are brought in containing the weightxi 
quantities of the other ingredients of the explosives. 
These are placed upon the weighing-machine, 
tared carefully, and tho requisite amount of nitro- 
glycerin weighed in. Tho boxes are then removed 
from the platform of the machine, and the nitro- 
fflyoerin mixed roughly with tho other ingredients 
by hand. This obviates the difficulty of conveying 
the nitro-glyoerin from place to place in the liquid 


state, a proceeding which is fraught with some 
danger, and is prohibited in Great liritain. 

One of tho problems of tho manufacture of nitro- 
glycerin is the removal of all traces of the explosive 
from the acids and washing waters. After all 
po.s8ible nitro-glycerin has been removed from the 
washing water it drains into a pond, in which pt'riodi- 
cally dynamite cartridges are exploded to destroy 
any of the nitro-glycerin which may have maiiag^ul 
to csca})o any of tho traps and filtering processes 
meant to remove it. 

Tho “ mud ” or sediment which collects in tli(^ 
bottom of the washing- tanks is also treated to 
remove as much of the nitro-glycerin as possible, 
and is then mixed with paraffin and fired. Tho 
waste acids are “ denitratod.’* 

Throughout the whole of the opcratiV)ns described 
above, great precautions are taken to avoid all 
chances of explosion. The clothc'S of the men 
engaged in the manufacture are made s|)ecially for 
them, and are without any metal btittons. Pockets 
arc also forbidden, so that there may be no tempta- 
tion to bring unauthorised articles into the danger 
area. At the door of each^building rubber shoes are 
put on over the boots, so that no grit from outside 
may be brought into the buildings. The Govern^ 
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mont and factory regulations are posted prominently 
in every building, and they are read over to the men 
by their foreman at frequent intervals. 

Dangers of N it ro - Glycerin. Of all 

explosives, nitro-glycerin is one of the most danger- 
ous to handle and manufacture. It will readily be 
seen that a liquid is less easily removed entirely 
when the vessels containing it have to be cleaned 
out. In the case of a spill, also, it is extremely 
difticult to clean up the last traces. At one time, 
the floors of all buildings in w'hich nitro-glycerin 
were used were composed of fine sand, which was 
frequently changed, but the advantages accruing 
from this plan were more than neutralised by the 
danger of grit getting into the aiqiaratus. 

In winter, the liability of nitro-glycerin to freeze 
is a source of much trouble. The buildings are kept 
heated by steam -heaters, but tluj pipes and gutters 
connecting the buildings are very apt to be frozen 
up in the morning when work is due to begin, not- 
withstanding all precautions. Nitro-glycerin solidi- 
li(‘S at 40° F., 80 that in c*,ven luotleratcly (!old weather 
this trouble occurs. Unfortunately, also, in the 
solid state, it is much more dangerous to handle. 
Thus, the mere fracturing of a crystal has been 
known to cause explosion. 

When pure, nitro-glyciMin is colourless, but the 
commercial vari(;ty is gemu-ally slightly yellow. Jt 
is without smell, and has a sweetish taste. It is 
soluble in benzene, ether, alcohol, and otlua- 
organic solvents, but insoluble in wat(‘r. A drop of 
nitro-glycerin cxplo<les when struck with a haitiiiKT 
on an anvil. 

When liquid nitro glycerin is heated in any 
quantity, it (explodes at about 180° (.\, though very 
small quantities have been raised to much higher 
temperatures without detonating. Of course, c(»n- 
iinued heating at much lowi^r temperatures (below 
100° C.) gradually decomposes nitro-glyeerin. and 
it explodes with violence. 

Dynamite and Other Nitro-Glycerin 
Explosives. As stated above, it was found 
that the use of nitro-glycerin in the liejuid state 
was too dangerous, and it became necessary to 
find some means whereby it could bo oldairu'd 
in a more suitable form. The attention of Noliel. 
among other investigators, turned to the diseov<*ry 
of some substance with which it c<ndd be mixed 
to give a plastic mass which could })e easily handk»d, 
and which would at the same time retain the 
explosive properties of nitro-glycerin. Alfrc'd Nobel 
discovereci the suitability of kieselguhr for the pur- 
pose, and the explosive made with its aid is used 
in largo quantities to the juesent day. 

Kieselguhr is an infusorial earth, iiiade up of the 
shells of minute diatoms. It is found in some parts 
of Germany, and in the nortli of Scotland, near 
Aberdeen. The earth varies very much in appear- 
ance, that found in Germany being almost pure 
white, while Scotch “ guhr ” is dark grey, some- 
times almost black. 

As found in Nature, kieselguhr contains a 
large proportion of organic matter, which has to !)e 
burnt off before the earth is used. Wh(»n calcined, 
kieselguhr is usually of a salmon-pink colour, and 
very light and impalpable. Under the microscope 
it is seen to consist of innumerable minute struc- 
tures (diatoms) of many different shapes. The 
source of the gubir may often be told by an examina- 
tion of the diatoms. The latter are hollow or 
tubular, and are capable of absorbing a largo 
quantity of niCro-glyccrin. Dynamite usually con- 
tains 25 parts of guhr t<y*75 parts of nitro-glycerin, 
and is only sufficiently moist to adhere when pressed. 
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Preparing Dynamite. Dynamite is pre- 
pared almost pntiroly by hand. The kieselguhr, 
after it has b^n calcined, is ground in a mill, 
and then weighed out in suitable quantities. Con- 
siderable care has to be taken with the grinding. 
It is necessary to break the calcined lumps to 
powder, but if the milling be carried on over-long, 
the structures of the shells will be broken down and 
the absorptive power of the guhr greatly decreased. 
Thus, samples calcined and mixed with nitro- 
glycerin in the laboratory show an ahsorjdion 
greater by several points per cent, than the same 
guhr calcined and ground on the larger scale. The 
weighed (piantities of guhr are placed in largo 
wooden boxes with brass fittings, and conveyed on 
trucks to the washing-house where the nitro-glycerin 
is stonnl. The necessary amount of the latter is 
weighed in and the box removed from the weighing- 
machine to a bench, where a workman, with sleeves 
rolled up to the shoulders, roughly mixes th(^ ingre- 
di(‘nts with his hands. 'J’his rough mixing is given 
in order that th(i nitro-glycerin may not lx? lying 
in ])Ools in the box during its convi^yanco from the 
washing-house to the mixing-house. The box(^s are 
again j)iaced on a truck, and takcMi to the mixing- 
house*, where the dynamite is thoroughly mix(‘d. A 
small quantity (usually about | per ceuit.) of sodium 
carbonate is adchxl, and uniform ity of composition 
is obtained by rep(‘ated rubbing by hand through 
brass sie'ves. The consisten(*e of the dynamite is of 
great importance. As it is imjstly usexl by miners, 
who have their own ideas -mostly without founda- 
tion-'-as to what good dynamite* should look like, 
it has ie) bo prepared to me'ed their reeiuirements. 

Making Dynamite Cartridges. When 
mixed anel sieved, elynamite is a ehoeolato-eefloured, 
seift, mealy material, and is re‘aely te) be pressed into 
cartrklges. This (►peratie)n is generally earrieel e>nt 
in a maehino workenl by hand. A fiinnel-shapeel 
cavity ta]>erH at the bottom into a brass tube 
the eliameter of the3 eartrielgc Avhich it is ele‘sire*el 
to make. A plunger with a brass -or preferably 
a hard wood — head we)rks up anel elown in the 
funne*l, prevssing the dynamiter with which the 
latter is filleMl thre)Ugh the tube*. The [)]unger is 
we>rke*d by a lever heinelle^ at, right angle's to it. The 
hanelle is ])resseel ele)wn, carrying the* j)lunge*r elown 
through the funnel, and by means e)f a spring it 
rise*s reaely fe)r the next stroke. The operate)!* re)lls 
a e*artridgo paper round the tube at the bottom of 
the funnel, folds in the ends, and presses down the 
lever several times until the j^aper is filled. The 
cartridge is then removeel from the machine, the 
upper end of the paper folded in, and the e)peration 
is finished. A considerable amount of practice is 
rcquirenl in oreier to know just how much pressure 
to apply with each stroke e)f the j)lunger. Too 
great i)ressure feirccs the dynamite into a soliel 
lump, and cause's the nitro-glyeerin to exude on to * 
the eartrielgc paper. 

The earlier forms of this machine were very 
un3atisfacte)ry. The le)ose dynamite worked its 
way into the joints of the machine, and in th^course 
of time a hearing heated, or a sharp tap of metal 
on metal caused the explosive to fire. Immediately 
thei whole stock in the building flared up, and the 
occupants were lucky if they escaped with their 
live.s. So many modifications and improvements 
have been introduced that the machine is now 
almost entirely without danger to the operator. 
As a rule, several icartridge-machinos are fitted to 
the walls of a small wooden hut, which is isolated— 
as are all explosive buildings — ^by high banks of 
earth or sand. 
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Disadvantages of Dynamite. The great 
disadvantage of dynamite in practical use is 
its liability to freeze in winter. When frozen, it 
is as hard as stone, and an attempt to insert a 
detonator into the cartridge would bo not only 
difficult but highly dangerous. Consequently, 
dynamite must always be thawed in winter before 
use, and the only safe method of thawing it is to 
place the cartridge in a warming-pan, which is a 
water- jacketed pan, within the double walls of which 
water at 60° C. is contained. A groat many of the 
accidents which take place in the use of dyna- 
mite are due to careless methods of thawing. 
Ignorant workmen heat the cartridg(;s in many 
reckless ways — by carrying them about in their 
trousers-pockets, heating them by placing near 
an ofwn fire, or c;vcn by heating them in a tea-can 
over an open firv". 

There are many modifications of dynamite on 
the market, containing such ingretlieiits as wood- 
pulp, etc. Sodium carbonate, barium sulphate, 
ammonium salts, oxide of iron, and other materials 
are incorporated with other modifications. 

Blasting Gelatin. The invention, by Nobel, 
of blasting gelatin greatly reduced the consump- 
tion of dynamite. 

He found that by ' 1 

mixing nitro-gly- I 

cerin with collodion I 

cotton, a weakly I 

nitrated cotton I 

soluble in ether ■ 

alcohol, and heating | 
the mixture, a homo- > 
geneoes gelatinous 
mass was obtaimxj, 
which possessed 
g e a 

Roughly j 
the pro- 

mixture are about ' | a|||^ 

90 parts nitro- I 

glycerin to 10 parts 
of nitro-cotton, but ; 
the quantities vary ! 

with different — 

makers. No. 1 67. explosive 

gelatin contains 93 (Werner, Pfleuk 

to 95 per cent. 

of nitro-glycerin. The nitro-glycerin is added to 
soluble cellulose nitrates in the washing-house, am I 
mixed there roughly, as mentioned above. The 
mixture is conveyed to the gelatin-house, where it 
is heated in a copper or brass pan, by means of a 
water-jacket, to a temperature of about 45°-50° (I 
<The pan is fitted with stirrers which keep the mass in 
movement. Specially modified Werner and Plleiderer 
mixers [671 have been largely used. A batch of 
blasting gelatin is mixed and gelatinised in a short 
time, usually about an hour. 

The solid gelatinised mass is cut into smaller 
lumps and carried to the cartridge-making huts, 
which differ from the dynamite- huts in the cartridge- 
machines used. ♦ The machine is practically an 
ordinary sausage-machine. It consists essentially 
of a spiral working within a cover. The gelatin is 
placed in a small kopper, and the first coil of the 
spiral catches it and carries it along towards tho 
nozzle, from which it appears in the form of a long, 
Gontinuous sausage. Tho whole machine is macio 
of brass, and the spiral is actuated by a shaft turned 
by hand. Nozzles of different sizes can bo fitted to 
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the machine, according to the size of tho cartridge 
desired. The continuous gelatin sausage is cut 
into suitable lengths by means of a wooden Knife, 
the lengths are rolled in paper, and the cartridges 
are ready to bo packed. 

There arc many modifications of blasting gelatin, 
just as there are of dynamite. The method of manu- 
facture is, however, essentially the same. The best 
known of these are gelatin-dynamite and gfdignitc, 
the former being a blasting gelatin containing a 
certain proportion of wood-pulp, and the latter 
containing wood-pulp and potassium nitrate. 
These ingredients are incorporated with tho ex- 
plosive during the process of gelatinisation. Other 
gelatin explosives arc manufaetiircd containing 
ammonium oxalate. 

Cordite. Cordite, which was patented by Sir 
Frederick Abel and Professor Dewar, is also a gelatin- 
ised mixture of nitrated cotton and nitro-glycerin. 
but in this case tho cotton used is guncotton, the 
most highly nitrated cotton. Tho mixture cannot 
be gclatiniseil sim])ly by dissolving the guncotton in 
nitro-glycerin, as it is not soluble in it. Consc(iucntl y, 
some metlium is required to rcndtT the gelatinisation 
possible, and for this purpose acetone is used. The 
guncotton and 

" - - nitro - glycerin are 

mixed together in 
the required pro- 
portions (cordite, as 
originally used, con- 
. sisted of 58 per cent. 

of nitro-glycerin, 37 
cent, guncotton, 
per 

mineral jelly), and 
V one is added and 

hardened into the 
To this, 

jolly is added ami tho 
whole mixed for :U 
hours more in a Wer*"- 
nor and Pfleidcrer 
mixing • m a e h i n e. 

- - When tho mixture is 

IXING MACHINE thoroughly gelatin- 

r & Perkins btd) i«od, it is removed to 

the press-house to be 
formed into the cords as it is used. For this hydraulic 
pressure is re(juired, and special presses have betui 
designed to meet tho roquirement s. The soft “ dough 
is placed in a steel cylinder and pressed by a 
tightly fitting plunger through a hole situated at 
the either end of the cylinder. As the cords are 
pressi'd out they are rolled upon rcsels and removed 
to a drying-houses where thcj acetone is evaporated. 
Large sizes of cordite are not reeled up, but are cut 
to the required Icmgth at onc() and dried in trays. 
The temperature at which drying is carried out 
is about 100° F. The composition of cordite was 
altered some years ago, and the new explosive was 
known as “ Modified Cordite ” (M.D.), and consists 
of 30 parts of nitro-glycerin, (55 parts guncotton, 
and 5 parts mincTal jelly. The process of manu- 
facture is, however, essentially the same. 

Ballistite. Another smokeless powder similar 
to cordite in some respects is ballistite, the invention 
of Alfred Nobel. It is composed of 50 per cent, of 
soluble nitro-cotton and 50 per cent, of nitro-glycerin. 
In this case the soluble cotton will not dissolve 
directly in the nitro-glyceiin, as it docs in the case 
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of blasting gelatin, as the proportioa of nitro-cotton 
is too groat. Consequently, a solvent is used as 
with cordite, in this case benzene (Nobel used 
camphor). In many res])ects the process of manu- 
facture is similar to that of cordite, but the form 
of the finished explosive is rlilTerent. The gelatinised • 
mass is pressed through heated rolls, and emerges i 
in the form of a thin sheet, which is cut up by 
another machine into small stpiarcs. 

Nitro-Cotion. 1'he principle of the manu- 
facture of nitro-cotton is the same as that of the 
manufacture of nitro-glycerin — namely, the treat- 
ment of th(i substance to be nitrated with strong 
nitric acid. Here, also, a mixture of nitric and 
sulphuric acids is used, with the object of removing 
the exc(?8s of water formed. The cotton used is 
received in the explosive factory in large, compressed 
bales. It is the waste from the cotton- mills. Jlel'oie 
it can be nitrated it must be subjectcfl to a ]He- 
liminary purification to free it from dirt, grit, oily 
matt(‘r, etc., and to get it into a suitable stat(‘ of 
divisifui for nitration. It is then plac(‘d in stoves 
and tlried at about 100' C., being withdrawn from 
the stoves and weighed just when required for use. 

The great difference between the nitration of 
glycerin and cotton lic's in tlu^ fact that the fornu'r, 
on treatment with nitric acid, always -w'ith one 
exeeption — gives the same ))roducl — tri-nitro- 
glycerin ; whereas cotton gives a whole series of 
nitro-derivatives according to th(? constitution of the 
acid mixture. Guncotton is the compound in which 
the greatest amount of nitration has talom j)lace, 
six molecules of nitric acid being combined with 
two molecules of cotton. Other nitro-cottons have 
been isolated, containing five, four, three, and two 
nitro groups. Soluble cotton or collodion cotton is a 
mixture of these lower nitrated cottons. It is used 
in the manufacture of blasting gelatin, and also in 
many other industries. Nitro-cotton of a very low 
<legroe of nitration is used for tlu? manufacture of 
articles of the celluloid class. When very slightly 
nitrated, its liability to explosion is slight, though 
it is still highly intlaminable. In the following 
description of the method of manufacture we shall 
consider guncotton, the most highly nitrated 
cotton, to be the variety under treatment. 

The mixed acid ustxl is prepared as described 
under nitro-glycerin. It ctuisists, on an average, 
of one part of nitric acid to three ])arts of .sulphuric 
acid, both being highly concentrated. A vitj" large 
excess of mixed acid is retpiired companxl with that 
actually taken up by the cotton. ‘As a result, the 
W'a.stc acid is still fairly strong, and is made uj> to its 
former composition by adiling more strong acid, 
and used again for another bat eh. Thii strength ami 
purity of the acid are a matter of great importance. 

Manufacturing Guncotton. The manufac - 
ture of guncotton has been entirely changed within 
recent years by the introduction of the Thom.son 
Displacement Procc.ss. This plant consists essen- 
tially of larg'N flat earthenware pans, providc?d with 
perforated false bottoms, also of earthenware, on 
which the cotton rests. The usual quantity 
nitrated in each j)an is 20 lb. of cotton, w'hich is 
immersed in 400 lb. of. mixed acid, previously run 
into the nitrating pan through the inlet in the 
bottom, the cotton being kept immersed in the acid 
by perforated earthenware plates placed on toy>. 
Immediately after the immersion of the cotton in 
the mixed acid, a thin film of water is run in on top 
to prevent fumes escaping. 

On completion of nitration, water cooled to 40 C.° 
is run in on top of the pan at a predetermined rate, 
thereby displacing the surplus acid not absorbed 
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by the . cotton. A certain quantity of -the waste 
acid thus recovered is strong enough to bo 
“doctored” with fresh acids and used again, but, 
as the displacement continues, this waste acid 
becomes too weak for use, and has to be re- 
<li»tille(l and the acid recovered in the form of weak 
sulphuric acid and nitric acid ; by the end of the 
displacement period the run-off is water only, 
slightly acid, and it is run to waste. 

The chief advantages of the Thomson process 
over that formerly in use are that all danger of 
fuming off while nitrating is avoided, the processes 
of eentrifugaling out excess acid and washing in 
Hollandtus arc not necessary, and there is an almost 
complete absence of danger in the operation. 

Treatment of Guncotton after Nitra> 
tion. On completion of the nitration and displace- 
ment of waste acid, the guncotton is removed from 
the nitrating jians and boiled in largo wooden vats. 
These vats are lilh'd with guncotton and water, 
tho guncotton resting on a ])crf orated false bottom 
under whicli steam is introduced, and tho boiling 
continued for a considerable period. 

Pulping. The j)ul[»ing, which is one of the 
most important operations in the manufacture of 
gun-cotton, js done in tlu’ pulping- machine [58 j. A 
revolving drum, the (‘ircumferonce of which is fitted 
with knives, rotates in a trough. At one part of 
its course is a set of closely set knives, )>ctwccn 
which and the knives of th(5 drum the guncotton is 
cruslu'd and cut. Tho trough contains a quantity 
of guncotton in water, and as the drum rotates it 
carries jiart of the gurujotton round to the fixvd set 
of knives. The’! H])aee between the rotating knives 
and the lixcsd set can be regulated, so that it is com- 
parativ(‘ly large towards the beginning of th(i 
pulping, and is decrcas<*d as tho operation goes on. 
'riu* water in the trough may be changed eoii- 
1 inually, as in th(‘ jin'liminary w ashing, or tho pulping 
may he carriiui out with one water, and the pulpiMl 
cotton washed afterwards with repi^atcd ([uantities 
of water. When tho puliiing and washing arc 
finished, the guncotton should be perfectly free 
from acid. »Sainpl(‘S arc drawn from it, and th(^ 
“ heat test ” is applied. 1’hc guncotton must stand 
the test for the regulation time. The excess of water 
is removed by centrifugalihg or by a moulding 
machine, a flannel cloth or bag being placed inside 
the basket of the machine, as tho guncotton is in 
such a tine state of division that oixlinary perfora- 
tions would not keep it back. If not rexjuired for 
immediate use, guncotton is usually stored wet. 
As it comes from the centrifugal it contains from 
25 per cent, to 30 pt^r (;t‘rit. of water, and it is 
stored in closed boxes until required. 

Drying Guncotton. The drying of guncotton 
is carried out in a building with a lead floor and 
zinc-lined walls. It is fitted with racks for tho 
trays on which the explosive is to be placed. Great 
care is exercised to jjrevent grit of any kmd from 
getting into the building. Heat is supplied by 
blowing in hot air, and tho tcimporature is kept at 
about 40° G. For some time a method of drying 
in semi-compressed, cylindrical form has been 
adopted in some factories, thereby making • the 
pnxjcss much safer by rc'ducing greatly the quan- 
tity of dry guncotton dust present in tho store. 
Guncotton is not usually dried until it is required 
for incorporation with tho other ingredients of 
tho explosive to Im 3 made, as it is so much more 
safely stored wot. 

Compressed Gu ncotton. A very large pro- 
portion of the guncotton manufactured is used in 
the form of compressed slabs. In making com* 
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pressed cotton the drying described above is not 
carried out. (Tuncotton is unifoi'mly mixed with 
pure water, whem the exact weight required for the 
slab has been weighed out, by means of a stirring 
arrangement ; the wet cotton is placed, in moulds, 
in which the required slab is sliaped, and a large 
part of the water jiresscd out. The pressure at this 
stage is usually applied by hand, and the slab, 
though of the correct shape and area, is still alnuit 
three times the weight which is required after it 
has been moulded. 

In onler to reduce it to the right thickness 
and the desired solidity, hydraulic ])reHsure is 
necessary. The pressure used is veiy similar to an 
ordinary hydraulic jjress, capable of exerting a pres- 
sure of from 7000 lb. to 15,000 lb. to the square 
inch, but has certain slight modifications. The 
finished compressed slabs, if rc'quirt'd for building 
up charges for mines, etc., must be of a smooth 
surface so that they will fit closely together. In 
ord(*r to get the surface smooth and even, the slabs 
have to be planed, filed or turned, as their shape 
makes convenient. Tin? compressc'd cotton should 
contain at least 30 per cent, of water in onler that 
this trimming may oe done safely, and the surface 
coming in contact with the tool must bo k(‘pt cool 
by a constant application of cold wiittrr. When 
slabs are reipiired with hol(*s through them too 
small to be conveni- 


the air while it contains a large j)roportion of acid. 
While in the centrifugal, fuming olT or firing is 
not at all uncommon. When the basked is charged 
with acid cotton, the centrifugal is set in motion, 
and the cxch‘ss of acid is forced out through the per- 
forations. When this operation is completed, the 
nitro-cotton is removed as quickly as possible 
from the basket and nut under water in a wash tank. 
Fresh wat(T flows through the tank, loss of nitro- 
cotton being prevented by a sieve over the outlet 
pipe. Th(* (iontinuous changing of the w ater, and thi^ 
agitivtion and pn'ssing caused by the paddle-wheel, 
remove the excess of acid from the cotton. 'Khe 
excess of w'ater is removed in a eentrifugal maehine. 
Although the nitro-cotton after this preliminary 
washing is apparently fn‘e from aeid, it has been 
fotiml that this is far from being the east*. In the 
early days of nitro-explosives numerous deeom- 
ptjsitions accomjiaiiied by (‘xplosion took place whtm 
nitrt)-cotton was stored for any length of time. Sir 
Frederick Abel was the first to j>oint out tht* reastui 
of this. The fibres of the cotton arc liollow, and at 
the end of the nitration arc filled with acid. It 
was ft)und that no amount of washing was sufficient 
to rt'intjvo this acid completely, and, until Sir 
Frederick Abel proposed the disintegration of the 
fibre by inil]iing (as d»'seribed under guncott(m). 
nitro-etdton was a highly dangi'.rons btxly in ])raetiee. 

There is no differ- 


ently made under the 
jiresM, th(‘y are drilled . 
o^ut m t^h<<^^^ordintu 

strength of the acid 
mixture. The ])rf)- 

portion of the acids 58 . ruLTl 

averages about 50 

parts of nitric to 50 ports of sulphuric, and more 
water is present, but the time during which the 
cotton is allowed to remain in contact with the 
mixed acid is much shorter than in the ease of 
guncotton. 

The final process(!S of boiling, pulfiing, and drying 
collodion cotton are on lines similar to those 
already desf;ribed for guncotton. 

Manufacturing Collodion Cotton, The 
years that have been spent on th(^ investigation of 
nitro-cotton have produced much information, a 
greet deal of which has never gone beyond the 
works in which it originated, but a typical method 
is as follows. 

Quantities of dried cotton of about lb. weight 
are dipped into a tank or “ dipping-pan ” containing 
a largo excess of mixed acid, the dipping- pans 
sitting in a trough through which cooling water is 
circulated. The cotton soaks up about eleven times 
its own weight of acid in the dipfjing-pan. 

Treatment of Collodion Cotton after 
Nitration, When the nitration is complctcxl, 
the contents of the dipping- pans are emptied 
into a centrifugal machine, the basket of which 
is made of finely perforated wrought iron. The 
transference from the dipping- pans to tho^ jon- 
trifugal is as rapid as |K)ssil)l(\ as it is desirable 
that the nitro-cotton should not bo in contact with 

On t) C6 
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vxu'i} 111 appearance 
; betw(*eii cotton fibre 
ami nitrated cotton 
^ fibre. Of course, after 

M the fibre has hi'cn 

d(^stroycd in the 
pulping-mai'hine the 
nitro-eottou loses its 
characteristic apjiear- 
^H|||||B||||||||E!^^ drying 

a fine, soft, whiti* 
,|H dust. Wet guncotton 

considered an 
ex])loHive, and the 
rules aiul regulations 
; MACHINE regarding explosiv(*s 

do not apply to it 
until it is dried. Thus the buildings in which it is 
Htonnl while wet do not need to lie isolated like 
nitroglycerin buildings. The drying-rooms or 
stores, however, into whudi the cotton go<‘H wet, 
t<i come out again dry, arc eonsiderotl as explosive 
buildings, and arranged accordingly. 

Other Nitre Bodies. Many other Huhstane<*s 
have been cxiKTirnented with, with a view to 
forming explosive nitro-derivatives, and a unmbei 
of such compounds arc actually in use. Vicric aeid, 
which is the tri-nitro derivativi? of phenol, or car- 
bolic acid, is the most important of these. It is 
pic;'ait*d from i>henol by first forming a compound 
of the latter with sulphuric acid and then jin'cif i- 
tating the phonol-sulnhuric acid by means of nitric 
acid. The jucric acid thus formed must Ix^ wasluxl 
fn*c from sulphuric acid. Picric acid is a bright 
yellow crystalline solid, which has a very hitter 
taste, and is slightly soluble in cold water, and mon* 
readily in hot water. Tt was long used as a dye 
befun? its explosive properties wi'ie disco vc'red. Its 
principal ajiplication iii the explosive industry is m 
the manufacture of the French explosive, melinit(% 
and the British lyddite. In its original form, 
melinite consisted of 30 per cent, of guncotton and 
70 per cent, of picric acid, but it is stAted to be 
greatly altered. The composition of lyddite is not 
generally known, but it is stated to bo picric acid 
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melted, and run into moulda, together with an 
oxidising agent. 

Tho nitro-derivatives of benzene and its homo- 
lognes are also used in tho preparation of explosives, 
"rhoy are not so highly oxidosive as nitro-glycerin 
or nitro-cotton, but in comidnation with oxidising 
agents they are frequently used. Thus roburito is 
a mixture of di-nitro- benzol with ammonium 
nitrate. Another such explotivo is composed of 
nitro-toluol and potassium chJoratt*. 

Detonators. Aeon- , ___ 

sidcrable industry con- 
nected with explosives is 
that of making percussion 
caps fsoc page 2*149 J and 
dfdonators. The detona- 
tors now used for explod- 
ing charges in mines, etc., 
may bo said to be simply 
very largely percussion- 
caps. Mercuric fulminate 
is the substance always 
employed. It is prt'part^l 
by acting on 1 part by 
weight of mercury with 
10 parts by weight of 
nitric acid (sp. gr. 1‘4), 


extremely sensitive substance, a scratch with a 
pin being suiTiciont at times to explode it. Thr83 
detonators in use are ignited by means of safety 
fuses, or by means of electricity. Safety fuses are 
simply a train of gunpowder contained in a tube of 
fabric covered with a more or less water-resistant 
material, such as pitch. Electric fuses are made on 
two systems, which have been named high and low 
tension. 'I'lie former consists of a readily ignitable 
mixture covering the ends of the wires, which are 
fixed in the detonator tube 
-f in close proximity to tho 
‘ • fulniinatc. The latter con- 

* sists of a bridge of fine 

platinum wire connecting 
tho c*nds of the two wires 
- and surrounded by a fino 
■ dry g incotton. When a 

passed over the wire, it sets 
tiro to the combustiblo 

■pLOsivjfi T.N.T. The latest {service high 


tho solution heated, and 59 HJEW explosive, t.n.t. latest StTviee high 

8*3 parts by weight of On the left is a copper-olated blo(‘k of this powerful expUt- explosive is tri-nitro- 
methylatod spirit adtlod. sive, as used in mining. It is so extraordinarily inert toluol, known officially as 
The fulminate settles in tlmt it tuui he struck by a hiillet at short- ran«e without T.N.T [591. This explo- 


crystals, which are 


ixplodiiiK, as seen in the right hand specimen. 


thoroughly washed. Still in its wet staU', tho 
fulminate is taken to drying-rooms, whore it is 
spread on tho topmost of a scries of layers of cloth 
which cover a steam-heated copper table. The 
water is driven off at a low heat, and, when cool, 
the fulminate is taken to the mixing-room, where 
it is mixed with 25 per cent, of chlorate of potash. 

Tho <letonator factory, for its size, occupies 
a goocl deal cf ground, the huts being })lacefi 
widely ai)art, and surrounded with high brick 
walls or inouiidM of earth. Th<i <h;toiiator tubes 
aro made of drawn copper, and vary in length 
from IJ in. up to (j in. Tho average diameter 
is about tho thickness of an ordinary lead-pencil. 
The tubes aro fdled into plates containing one 
hundred, and are charged witn the mixed fuhninate. 
Tho fulminate i.s subjected to pres.surc sufficient 
to reduce its bulk to one-half its I00.S0 state. Tho 
detonators are then cleaned and packed in boxes 
containing sawdust. Fulminate of mercury is an 


T.N.T [59]. This explo- 
sive is almost ideal. Tt 


is singularly inert until fired with a detonator, 
when it explodes with great force. It ran )>o 
meitc<l and cast into any d(*sired shape; ; it 
can be machined, drilled, or cut with a saw ; it 
eafi bo carried loose in a soldier's pocket without 
fear of di.saster, for tho blow giv'cn by a rifle-bulJct 
at even short range will not explode it. In its 
ordinary form, as sent out from the recently erected 
factory of the Explosives Loading (Jompany, near 
Kaversliam, it is in eopper-plated blocks of various 
shape and sizes, depending on tho us(; to which it is 
to be put. Tho thin copper covering is deposited 
by electricity in the ordinary way, and then covered. 
Tho explosive requires no other case for protective 
purposes. It is of a stability hitherto unknown, 
and is, at tho same time, of maximum efficiency. 

The diagrams on pages 27^,0 and 2781 aro by 
courte.sy of Sir Frederick Nathan, who has a’so 
given much assistance in bringing tho nitro-explosives 
sections up to date. 
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Spacing. Correspondence. Headings. Tabular Work. 

How to Set Out Addresses. Carbon Work. Manifolding. 

TYPEWRITING PRACTICE 


It is now time that the student should bogin 
* to apply (he principles which have been laid 
down. The only way to maal(*r th3 keyboard 
is to pick out the letters, striking them one by 
one, from A to Z, until the exact position of 
each is quite familiar. 

Then should follow the practice of words, 
remembering that each letter must he struck 
firmly and evenly, and that prefixes like “ly 
and “ ing ” should not, because of their famili- 
arity, be hurried so that one letter prints unduly 
near the next. 

The necessary space between each word is 
obtained by striking (he space bar, which moves 
on the carriage — in most machines — the disi ance 
of one letter, and the paper is then in jxTsition 
to receive the next impression. 

When the student has thoroughly mastered the 
keyboard, he should begin to practise such 
exercises as the specimen letter given on this jiage. 

The word 
“ M 0 8 8 r s . ” 
should be typed 

some little* way Messrs Brandon 4c «rebb 
in fromthemar. 107, Broadway Mani 


hand margin. This is useful wlum a w^ord which 
is difficult to split up into convenient syllables 
happens to fall at the end of the line. 

Sjx^cial care should Ih) given to the right-hand 
margin. It is obviously impossible alw^ays to 
avoid a broken appearance, but occasionally, by 
careful judgment in the division of w'ords, much 
may be done to improve the look of the page. 

Punctuation Marks. After a full stop, 
an exclamation, or interrogation mark, three 
spaces should be left ; after a semi-colon or 
colon, two spaces ; after a comma, one. Brackets 
should be divided from the rest of a sentence 
by one space before and one after ; but there 
should be no space between the brackets and 
the w ords they (‘nelose. 

Let us now return to our letter. Having 
started “ Ihuir Sirs ” on 5, w^e should begin 
the word “ W(5 ” on the line below, immedia(oly 
following the comma. This is merely for the sake 
_ ^ of apix^arance ; 

June 2j 1914 all subsequent 

paragraphs be- 
gin on 10, the 

on 8 words “ Yours 


gin of the paper, London , E . C . 

the margin “ad- 
justor ” for nioiit Dear Sira, 
purposes being 

set on Spaces. We have to acicnowledge receipt of your 

Spacing, favour of the 24th inet. , and regret that you 
This brings ua should have cause fox complaint with respect 
to the question to the delivery of the goods on the 18th inst 
of “spacing.’* 


If the .student We are navlng the matter looked into 

turns to the will write you further without delay, 
front of his 


and 


f a i t h fu 1 ly 
starting on 
about 115. 

When a now 
line m wanted, 
the ‘‘line- 
spacing lover” 
is pushed up, 
and the carringe 
shifU'd bac k to 
the margin, 
which intro- 


machine he will Youre faithfully, duces us to 

find a scale JOITES & BROWN another kind of 

which consists s pa c i n g — t h e 


of spaces, each corresponding w ith the width of a 
letter. I'heso little spaces arc divided up into 
gioups of five, and numbered in tens. 

This scale corresponds with the one behind 
the roller, so that if the student wants an 
ordinary narrow margin, as in general correspon- 
dence, ho slides the little “ margin adjuster ” 
along the back rod until it is on 5. For otluir 
classes of work, he will require a wider margin, 
in which case the adjuster may be set on 10, 
or, for foolscap work, on 15. 

It sometimes happens that the operator may 
want to add an occasional figure or reference in 
the left-hani margin, and, by a simple arrange- 
ment which is fixed to nearly all the latest 
patterns, he is enabUxl to do so, without losing 
time, by touching a lever fixed to the carriage. 
By this same stop he is able, if necessary, to 
write a letter or two beyond the regular right- 


spacing which fixes the distance between lines. 

In the majority of cases a letter should be 
wTitten ill “ double ” spacing. Most machines arc 
arranged for three kinds of line spacing — .single, 
douiilc, and triple, which is determined by a 
simple arrangement at the side of the roller, 
varying with every make of machine. 

Double spacing is g(?nerally used for correspon- 
dence, although some people prefer the close? (or 
single) spacing adopted by many American firms. 
In this case, it should be remembered that the 
somewhat cram|>ed appearance of the page is 
very considerably lessened by leaving a double 
space between paragraphs. 

Correspondence. But we have so far 
dealt only with the actual body of the letter. 
We have still to consider the date and address. 
The former should begin on about .50, and the 
name and addroas, which may come either at the 
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bej?inning or end of the letter, starts on />, 
each of the following lines being indented five 
spaces. 

In displaying the wording on the envelope, 
the student must exercise discretion, as the effect 
necessarily depends on the length and style of 
the adtlress. In such an address as 

Llewellyn Baumer Ksq., 

37, Albany Road, 

Haigpstead, N.Wf. 

each line is indented about nine spaces, although 
in the case of a long address single spacing should 
be used, and the steps clos<;d up a little more to 
prevent a straggling appearance. 

Mr. William Dimsdale, 

Dept . 7 , 

The Roxburgh Printing Go., 
Wellington Road, 

Bournemouth, w* 

In such an address, an indention of five spaces 
in each line is cpiiU^ suflic.icnt for display. Where, 
08 in this case, a very short line comes between 
two longer ones, it should be centn^d. 

An address of two very unequal lines should be 
written in this way ; 

Messrs. Johnston & Turner, Ltd. 
YORK, 

Certain mc;dorii machines arc fitted with a 
device known as the column sdcctor, which 
enables the oj)erator to hiing the carrir.ge in- 
stnntlyto any of the five different writingqwints 
of the iiaper, which jioints may be dettuinimd 
anywhere along th(‘- writirg-Um'. 

MistaKes. Although it should l)e used as 
little as possible, it is perhaps as well to assume 
that the student may occasionally have to resort 
to the eraser. For a serious error, it is very 
ofU'n the wisest course, and in th<5 long run the 
quickest, to tear out the sheet and start again. 
Where this iwumot be done, a piece of the 
special typewriter eraser which can be bought 
at any stationer’s —the round pattern with the 
little metal disc is by far the best — should be used. 
The student shouki never attempt to enise a 
letter from a sheet of thin paper which is not 
protected from the roller by a “ backing ” 
sheet. It is iinportant that such a sheet — any 
paper of a fairly thick substance will do — 
should be placed next the roller when foreign 
or (bin paper is used. 

Thb rubber is used acro.^, and not doum the 
paper, so that the faint smear, wdiieh it is almost 
imjKXssible t-o quite get rid of, is hidden by the 
words on either side. 

In a very few cases it is allowable to write over 
a letter. An e, for instance, may be written over 
an a, a t over an i, an o over a c, and so on ; but 
this should only be done where the correction 
id not apparent. 

When writing at high speed the space between 
two words n»ay sometimes be forgotten, which 
will quite spoil the effect of a page. Many pooj^ie 
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are content to run a line through to divide them, 
either using the shilling mark, which is bad, 
or a pen, which is worse. Nothing spoils a page 
of typewriting so much os an ink correction. 
A far bt'tter way of getting out of the difficulty 
is to rub out the last two letters of the 
word, pull the paper along half a space, write 
one lettt*r, pull it along the same distance, 
and write the other letter, thus getting throe 
lettos within the space allowed for two. This 
needs practice and a nice judgment, but the 
effect is worth the trouble. 

Centring. Where it is necessary to 
“ centre ” a heading, the number of words — 
including the space between each — should be 
counted and subtracted from the number of 
units on the scale bar [72] minufi the margin, 
the result halved. Then add the margin, and you 
have the exact figure on which to start the line. 

In other words, find out the number of spaces 
your heading takes (say 30), subtract it from the 
actual working line. (02 — we will assume a 
margin of 10), and you have 32. Halve it, 
(10) ; add the margin (10). and 20 is the number 
on whi(ih to begin the beading. 

If it is remembered that the heading has to 
come in the centre of the typewritten manuscript, 
the calculation beeomes quite simple. In the 
case of a second heading following immediafely 
below, the bottom line is sometimes improved 
by being spaecil out, especially if both lines are 
of equal length. One space should then bo loft 
between each letUu*, and two between the words, 
as in 

SELF EDUCATION 
KEY TO SUCCESS 

Tabular WorR. For setting out columns 
of words or figures, the old way was to type 
out the top lines on a rough sheet of paper, see 
exactly how best to arrange the columns, and 
make a note of the numbers on which to begin 
each set of figures. 

Supposing one lias to type five sets of figures 
to the line, it is quite easy to divide the columns 
up equally and remiunber to start ^he first 
letters of each on 5, 20, 35, 50, 05. also avoids 
the necessity of lifting the carriage repeatedly. 

Tabulators. Where a great deal of this 
class of work has to be done, it is desirable to have 
a device which is known as a “ tabulator 
fixed on to the machine, which automatically 
shifts the carriage from one fixed point to another 
without^the use of the space bar. 

The Key Set Inbuilt Tabulator found on the 
No. 1 1 Remington machine is a modem d 'vclop- 
mi nt of this idea. 

Position. It is important that the operator 
should be seated comfortably. The correct position 
is that in which the elbows of the typist come 
about level with the keyboard. If possible one of 
the tables specially designed to hold typewriting 
machines should be used. The chair, too, 
should receive consideration. Those with a 
small, hard seat, and a straight back are most 
comfortable. Where much copying from manu- 
script has to be done a “ copyholder ” is i great 
comfort. It saves unnecessary bending, and 
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if placed behind, the machine, does much towards 
preserving the eyesight. 

For the figure 1, the small “ I ” is used, and, 
for the nought, the capital “ O.” 

CARBON WORK 

When two or more copies of a page are wanted, 
a “ carbon ” is placed between each sheet, so that 
the shiny surface touches the page on which the 
impression is to be made. Great care must 
be taken in arranging the pages to see that some 
of the sheets are not reversed, or the result will 
not be a happy one. The surest way to avoid 
this is to lay the typewriting papc^r before you, 
heading upwards, and place the carbon so that 
the shiny surface covers it ; then the next sheet 
with the heading up and carbon face down- 
wards, and so on. 

Thin paper must be used for this work, with 
the exception of the bottom sheet, which, to 
get the best results, should be of thicker make. 

The keys should be struck very sbaridy for 
carbon work, and care taken to avoid handling 
the sheets more ofU'n than is absolutely neces- 
sary, as oven the best makes are liable to 
smudge. 

Erasures in carbon work should not bo made 
in the usual way, or the preiiaration on the 
surface of the carbon will smear. The lK*st 
way to remedy an error is to turn i^ack the 
roller a little, insert a piece of paper between 
each carbon sheet and the writing, and rub 
out the WTong letter on each sheet separately. 
The slips of paper can then be removed, and 
th(^ letter or word re-typ(*d. But the operator 
must be careful tliat in turning back the roller 
the “ pad ” is not shifted. 

If a faint, dark impression appears on the 
sides of the copic‘s when the work is tak(m out 
of the machine, it is probably due to the 
fact that the little rubber clips which hold the 
paper firmly to the roller have not been pushed 
back. 

MANIFOLDING 

It is sometimes necessary to take 50 or 100, 
or more, copies of a single sheet of typewritten 
matter when there is not time to type each page 
separately. The process by which this is effected 
is known as manifoldiny. 

The method is very simple, and easily ex- 
plained. In the first place, the ribbon has to 
be removed, or, in some machines, merely put 
out of gear. The words are then typed on to a 
wax sheet, which, being soft and impression- 
able, receives the perforations of the tyiw 
letters. Through these, by moans of a duplicator 
(which may be purchased for about £2), the 
ink passes, and so leaves an impression on the 
paper. 

Method. When the student has removed 
the ribbon, and seen that the type is perfectly 
clean, he should take the yellow oiled sheet 
from the roll supplied with the machine, and 
place it in the centre of the w^ax. Fold over 


very carefully the top and the sides, and then 
place over them the tissue sheet (which is 
merely to protect the wax), and turn in the 
top edge slightly to prevent its slipping when 
it is put in the machine. 

As in carV)oning, the rubber clips on either 
side of the roller should be removed. 

Then put the pad you have made into the 
machine just as if you w^ere feeding an ordinary 
sheet, so that the impression is made directly 
on the tissue sheet. The matter must bo very 
slow'ly and carefully typed, as mistakes are 
not easy to rectify. The keys should l)e struck 
evenly and smartly, but the “o's” must have a 
lighter depression, or the centre of the letter 
will fall out when the wax sheet is remov(*d, 
and cause the ink to make a blot on the 
paper. 

Mistakes may bo erased by means of a special 
varnish, but it takes some little time to dry, 
and should, therefore, only be used as a last 
resort. 

When the matter is typed, take away the oiled 
sheet, and then, very carefully, the tissue, 
which will need careful handling to prevent the 
surface of the w'ax being spoiled. All that we 
are concerned with now is the wax sheet, or 
“ st-encil.” whi(;h is placed, face upwards, on 
the duplicator and covered with the “flimsy.” 
Unfasten the sUnd frame, place it under the 
wax sheet, and them, with the sheet round it, 
lift it and fix it back into its place at the top 
of the apparatus. 

The stencil must be very carefully adjusted. 
When in position it should be stretched as 
tightly as possible without b'aring it. It must 
also be remembered that the least crease or 
crack on the wax sheet means an undesirable 
perforation, and so renders it unusable. 

Now turn to the slate, on which enough ink 
shoulcl be squccized to make a thin paste when 
rolled out, and evenly distributed. Next lift 
the upper part of the machine, cover the “ base- 
board” with blotting paper, replace the former, 
and pass the ink roller firmly over the stencil. 

Pass the roller backward and forward until 
the impression is seen plainly on the blotting 
paper, which should be renewed tw^o or three 
times until every letter is quiU? clear. 

Then the sheet on which the impression is to 
be made can be put over a clean piece of blotting 
paper, and as many impressions rolled off as 
ntjccssary. From a carefully prepared stencil, 
300, or more, copi(>8 may be taken. 

Two points should be remembered. In 
typing matter for manifold work see that 
each letter is struck with a uniform force ; 
and use only just sufficient ink on the roller 
to give a clear, sharp result. 

The process which has l)een described applies 
particularly to the “ Ellam’s ” Duplicator. If, 
nowever, the “Roneo” is to bo used, practically 
the same instructions apply, as in both cas^s a 
stencil has to be prepared. 

MARGARET LILLIE 
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Problems Leading to Simple Equations with One Unknown 
Quantity. Problems Leading to Simple Simultaneous Equations. 

ALGEBRAIC EQUATIONS 


PROBLEMS LEADING TO SIMPLE 
EQUATIONS 

61. By the aid of Algebra we are able to 
solve problems the solutions of which by 
Arithmetic are either impossible or very labori- 
ous. We have simply to express the conditions 
of the question in algebraical symbols. This 
gives us one or more equations, the roots of 
thtjse equations being the unknown quantities 
wliich the problem recpiires^us to find. 

We shall first consider problems in which 
there is only one unknown quantity, and in 
which the conditions of the question lead to a 
simple equation — i.e., an equation of the first 
degree. 

Example 1. Tlie diftercnce between two 
numbers is 6 ; if 2 l)e added to the greater, 
the result is twice the smaller. Find the 
numbers. 

Here, although wo have to find two numbers, 
we may still consider the problem as containing 
only one unknown quantity. For, if we can 
find, say, the greater of the two numbers, we 
obtain the other by subtracting 6. Suppose, 
then, that 

X = the greater number. 

It follows that 

3C-5 — the loss number. 

Now, the question tells us that if we add 2 
to the greater number, the result is twice the 
less. 

But, by adding 2 to the greater number we 
obtain x 4- 2, and twice the less number is 
2 (x - 5). 

Hence we have the equation 
X 4- 2 - 2 (x - 5). 

Removing the brackets, and transposing the 
terms, we get 

2x - X — 2 I 10 ; 

or, 

X - 12. 

Thus, the greater of the two numbers is 12, 
and the other number is x - 6, i.«., 12 — 5, 
or 7. 

Example 2. The sum of £8 12s. 6d. is paid 
with 30 coins, some of which are half-crowns, 
and the rest are half-sovereigns. How many 
are there of each sort ? 

Let X = the number of half-crowns. 

Then, since there arc 30 coins altogether, the 
number of half-sovereigns must be 30 - x. 

We have now to express algebraically the fact 
that X half-crowns and (30 -x) half-sovereigns 
make a total of £8 12s. 6d. We must be care- 
ful in forming our equation that all the 
quantities invmved are expressed in terms of 


the same unit. In this particular case it is con- 
venient to work in half-crowns. 

We know that a half-sovereign equals 4 half- 
crowns. 

Therefore, 

(30 -x) half-sovereigns equal 4 (30 -x) half- 
crowns. 

Also, £*8 128. 6d. equals 69 half-crowns. Wo 
have, then, simply to write down the statement 
algebraically that x half-crowns and 4 (30 -x) 
half-crowns make 69 half-crowns. Thus 
X 4- 4 (30 - x) — 69. 

Solving this equation in the ordinary way, we 
find that x — 17, and therefore 30 - x = 30—17 
= 13. Thus the solution of the problem is 
that there are 17 half-crowns and 13 half- 
sovereigns. 

Example 3. A has as many fiorins as B has 
half-crowns. If B gives A two of his half- 
crowns they will then have equal amounts of 
money. How much had each at first ? 

Let X = the number of coinn each has at first. 
When B has given A two half-crowns, B will 
have (x - 2) half-crowns, and A will have 
X florins 4- 2 half-crowns. 

Expressing the values in sixpences, we see 
that B has 5 (x - 2) 8ixi)ences (for 6 sixpences 
make half-a-crown), and A has (4x -1- 10) six- 
pences. 

Hence, 

6(x-2)-: 4x4- 10. 

The solution of this equation is 
x= 20. 

Therefore, 

A had 20 florins, or £2, 

B had 20 half-crowns, or £2 10s. 

Example 4 . A man’s age is 38, his son’s is 
16. When was the father 3 times as old as the 
son ? 

Let X = number of years which have passed 
since the father was 3 times as old as the son. 

Then, x years ago the father's age was 38 - x. 
and the son’s was 16 -x, so that 
38-x- 3(16-x). 

This gives x = 5, so that the required solution 
is, 5 years ago. 

Example 5. A number consists of two digits 
whoso sum is 9. If the digits be interchanged, 
the number so formed exceeds the original 
number by 45. Find the number. ^ 

Let X — the digit in the units’ jplace. 

Then, since the sum of the digits is 9, 

9 - X = the digit in the tens’ place. 

Probably, the beginner’s only difliculty will 
be in writing down the number. But he has 
only to think of the meaning of a number 
expressed in the ordinary notation. 
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Tho number 37, for example, means 3 tens 
4- 7 units. In tho same way, then, if (0-x) 
stands for tho tens’ digit, and x for the units* 
digit, the value of the number is 
(9 - x) tens 4 x units, 

10 (9 - a;) 4 x. 

Similarly, if tho digits arc interchanged, tho 
number obtained will bo 

l{)x f (9 -a). 

The question tells us that the second of these 
«ixceeds the first by 45. 

Hence, 

{iOx 4 (9 - x)} - {10 (9 - r) 4 x} - 45. 

Solving this equation, we obtain x ~7. Thu.s, 
the units’ digit is 7, and the tens’ digit is 9-7, 

i.e , 2. The required number is, therefore, 27. 

EXAMPLES 9 

1 . Find two numbers whose sum is 63 and 
whose dilferenco is 7. 

2. Find the number which, wlieii multiplied 
by 3, is as much above 18 as it was originally 
below 18. 

3. Divide 39 into two parts such that twice 
one part is 2 less than three times the other. 

4. Divide 69 into three parts sucli that tlie 
first shall be double the second, and the second 
be 3 more than thrice the third. [Let x — the 
third ]mrt.l 

5. Find a number such that the product of 
one more than its double and one less than its 
half may bo 10 less than its square. 

6. A father’s age is throe times his son’s age. 
In 12 years the father will be twice as old as the 
son. What are their present ages ? 

7. The united ages of three sisters make 
47. The youngest is 3 years younger than tho 
second, and the second is 5 years younger than 
the eldest. Tlow old are they i 

8 . A sum of money is divided between A, B, 
and 0, so that A and B have 4‘39 between them, 
B and 0 have £26, and A and C have £*31. 
Find the amount each has. 

9. There are 81 coins, of which some are 
crowns and Jbhe rest are shillings. If the 
crowns were florins and the shillings were half- 
crowns, the toUil value would bo unaltered. 
Find tho number of coins of each sort. 

10. If 12 oranges cost as much over lOd. as 
20 cost under lialf-a-crown, how many oranges 
can be bought for five shillings ? 

11. Of two squares of carpet, one measures 
16 feet further round than the otlier, and con- 
tains 64 square feet more in its area. Find the 
length of the side of each square. 

12. A purse contains 26 coins, whose total 
value is £6. A certain number of the coins are 
sovereigns, there are three times as many half- 
crowns, and the rest are shillings. How many 
coins are there of each sort ? 

18. If A gave B ten shillings ho would have 
three times as much as B ; while if B gave A 
five shillings, A would have four times as much 
as B. How much lias each ? 

14. Find three consoculive numbers whoso 
continued product is 5 less than the cube of the 
middle number. 
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15. A number of two digits is such that one 
digit is three times tho other, and if tho digits 
be interchanged the number so formed exceeds 
twice the original number by 10. Find the 
number. 

PROBLEMS WITH TWO UN- 
KNOWN QUANTITIES 

52. We will now consider problems with two 
unknown quantities involved. Many of the 
questions already given did, as wo stiw, contain 
two unknown quantities, )>ut they were of such 
a nature as enabled us to form an equation con- 
taining only om unknown. Kveii when this is 
possible the work is often sinqflilied if we take 
two unknowns, and from the conditions of the 
question form two equations. 

Exanqile 1. 6 lb. of tea and 8 lb. of sugar 

cost 11 h. 2d., and 5 lb. of tea ami 2 lb. of sugar 
cost 8s. 4d. ; find the cost of each per lb. 

lAd 

X = cost of 1 lb. of tea, in pence 

and 

1 / — cost of 1 lb. of sugar, in f^ence, 

[Note. Always be careful to state exactly 
what the unknown quantities x and i/ are in- 
tended to represent. They will, of course, 
always stand for nnmbers, )>ut it must be made 
clear whether it is a number of pence, or 
shUlinfjs, or miles, as tho case may be. Such a 
stjvtement as “Let x~ price of 1 lb. of tea ” is 
much too vague.] 

Therefore 6 lb. of tea cost i^x pence, and 8 lb. 
of sugar cost Sij ptuice. Tlie total cost is thus 
(6;r 4 8i/) pence. But ( he question tells us that 
the cost is 11s. 2d., or 134 pence. Hence, 

6xf8j/--134. ... (1) 

111 the sfime way, since 51b. of tea and 21b. of 
sugar cost Ss. 4d., we have 

iyx 4 2y 1(X). . . • (2) 

By solving (1) and (2) we obtain 
a: -19, j/:=2i. 

Thus, 1 lb. of tea costs 19d., or Is. 7d., and 
1 lb. of sugar costs 2|d. 

The above problem is an example in which, 
although it is not necessary to use two unknown 
quantities, the work is simpler if we do so. 
Using only one unknown, the problem would be 
solved as follows ; 

Let 

X = cost of 1 lb. of tea, in pence ; 
then 6a; pence = coat of 6 lb. 

But 6 lb. of tea and 8 lb. of sugar cost 134d. 

Therefore 8 lb. of sugar cost (134 — 6a;) pence ; 
or, 

= cost, in pence, of 1 lb. of sugar. 

8 

Hence, since 6 lb. of tea and 2 Ib. of sugar 
cost 100 pence, wo have 

6 » + = 100 . 

8 

The solution of this gives x - - 19. The cost 
of the sugar is then obtained by substituting 
the value of x in the expression 
134 '-6a; 

^ 8 
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Example 2. The wages of 7 men and 11 boys 
for a day amount to £2 Is., and 2 men receive 
6d. less than 6 boys. Find the daily wages of 
a man. 

Let 

r. ~ number of shillings a man earns jier day, 
and 

y = number of shillings a boy earns. 

Then 7 men and 11 boys will earn (7x + lli/) 
shillings. 

Therefore, 

7a;4-llj/-41. ... (1) 

Again, 2a:, the amount earned by 2 men, is 
6d. less than 5i/, the amount 5 boys earn ; so . 
that 2x shillings and ^ sliilling make 5 j/ 
shillings. 

Therefore, 

2a: + i — oy (2) 

Clearing (2) of fractions, and transposing, we 
have 

4a:-10i/^-l. . . . 

Multiply (1) by 10 and (11) by 11, and add. 
Then 

70a: + 440:= 410-11; 
or, 

1140:= m 

Thereffjre, 

X— shillings. 

Ilenco, a man’s daily wage is 3.s. Od. Am, 

Example 3. A has three times as many 
shillings as pennies, and B has thrtie times as 
many pennies as shillings. If A has 7d. more 
than B, and together they have two moro 
pennies than they have shillings, how much has 
tjach i 
Let 

X = number of pennies A has ; 

then 

3a: = number of shillings A has. 
Similarly, if 

y = number of shillings B has, 

then 

3y = number of pennies B has. 

We obtain one equation from the fact that, 
together, they have 2 more pennies than . 
shillings. Thus, 

Total number of pennies = «+ 3*/, 

and, 

tobil number of shillings = 3.r + y. 
Therefore, 

x+ 3t/ — Sx-i- y-h 2 ; 
or, transpasing, and divi<ling by 2, 

x-y==-l (1) 

We obtain the second equation from the 
values of the sums of money A and B have. 
Thus, A ha.s x pennies and 3a: shillings, that is 
(x -f- 36a:) pence, in value. Similarly, B has 
(12y -H 3y) pence, in value. Hence, 

X + 36a: = 12y + Sy 4* 7 ; 
or, L 37a: - loy — 7. . . . (2) 


from (1) and (2) we find a: = 1. 

Hence A has 1 penny, and, consequently, 3 
shillings. His total is thus 3s. Id. tThis is 
7 pence more than B has, so B has 2 b. 6d. 

Example 4. A number of three digits has its 
tens’ digit double of the units’ digit. | It exceeds 
by 99 the number formed by reading the digits 
backwards, and the sum of these two numbers 
is 585. Find the original number. 

Let 

X — digit in the units* place ; 
y _= digit in the hundreds’ place ; 
then 2x — digit in the tons’ place. 

Then the number is lOOy 4- 20a: 4- x. [(Com- 
pare Art. 61, Ex. 6.J If the digits arv^ read 
b lekwaids, the number is 1 OOo; 4- 20x 4- y. Hence, 
( 100^ 4- 20a: 4- a:) - ( lOOo: 4- 20x 4- y). 

-.tK); . . . . . (1) 

and 

f- 20a: + x) (lOOo: I 20a: t y) 

- 585 (2) 

Collecting terms, wo get from ( 1 ) 

99i/-99a:= 99; 
or, 

y~ x^^ i (3) 

and, from (2) 

14br4 l01j/= 585. ... (4) 

Stdving (3) and (4) we find x — 2, //= 3. 

Ibuico, the units’ digit is 2, the tarns’ digit is 
twice 2, and the hundreds’ digit is 3. 

The required number is thus 342 A ns, 

EXAMPLES 10 

1. Find two numbers such that their sum is 
less by 2 than live times their difference, and 
three times the greater exceeds four times tlie 
less by 7. 

2. In another year a father will be four times 
as old as liis son ; 2 years ago he was tliree 
times as old as his son Avill be in another 3 
years. Find their present ages. 

3. A number of two digits exceeds 5 times 
the sum of the digits by 7, and exceeds by 9 
the number formed by reversing the digits. 
Find the number. 

4. A, B, 0, and D have £*1(K) amongst tliein. 
C has twice as much as A, and B has three times 
as much as B. Also, O and D together have 
£2 10s. more than B. How much has each ? 

6. In 2 years’ time a father will be three 
times as old as his elder son, and five times us 
old as his younger son. In 23 years’ time his 
age will be equal to the sum of his sons’ ages. 
How <>ld is each of them now ? 

6. In 8 hours A walks 8 miles more than B 

does in 6 hours, and in 9 hours B walks a mile 
mort» than A docs in 10. How many miles 
1 003 each walk in an hour ? • 

7. A and B have a guinea between them. If 
A gives B a shilling for every p?nny B has, A will 
have 5s. less than B. How much has each at first ? 

8. A lakes 5J hours more than B to g > a 
distance of 60 miles. If A had doublea hi? 
pace ho would have taken 5 houra less than B. 
Find the rate at which each travelled. 

H. J. ALLPORT 
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GEOLOGICAL MAP OF THE BRITISH ISLES 



THE RO(’KS OF OrU OWN COUNTRY — FROM THE MOST ANCIENT TO THOSE OF RECENT' TIMES 
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em? l-SUCCESS • the secrets of a successful life-chapter 22 

The Scarcity of Genius and the Reason why 
Its Discoveries should be Widely Spread 

SOWING AND HARVESTING IDEAS 


^HERE is a good deal to be said for the 
^ view that the progress of mankind has 
been due to a very limited number of 
individuals. Today, in tlie twentieth 
centur^^ we profit by the possession of a 
great body of lore which has been accu- 
mulated during thousands of years. In 
every hour of our lives we employ pro- 
cesses, or enjoy the fruits of processes, 
which have been discovered for us by 
clever individuals, most of whom are dead, 
but some of whom arc still with ns. 

All nations have made their contribu- 
tions to this common stock of knowledge 
which is our heritage, but, when we come 
to examine the facts, it is astonishing to 
find how lew is the number of persons who 
have contributed groat new ideas, inven- 
tions, or discoveries. In any branch of 
learning, or art, or science, a list of the 
chief contributors, including both the dead 
and the living, is a short list ; while even 
if we include what may be called minor 
contributors — the workers out of small 
details and slight improvements - the list, 
although extended, represents a tiny and 
negligible fraction of the great hosts of 
people of many races who have lived in the 
world during its recorded history. 

If, for example, we take the discovery 
of the power of steam and its practical 
application to industry, a score of name's 
covers the main contributors, and a li^t 
of a lew thousand names covers every 
important invention connected with the 
subject. If, again, we consider electricity 
audits practical use, the same Iruth be- 
comes evident. A few men of outstand- 
ing genius, a few hundred men of great 
cleverness, a few thousand men of con- 
siderable but minor ability, have given the 
world the control of electrical power. If 
we put steam and electricity together and 
make a list of names, w^e realise that the 
number of men who gave us these wonder- 
ful and invaluable powers is so insignifi- 
cant a fraction of the thousands of millions 
of people who lived in their time that a 
few unhappy accidents might have made 
the leaders the victims of disease or injury, 
and kept the world as a whole waiting a 


much longer period for tlie groat engineer- 
ing inveniions. 

'riie motleni civilised man is often 
t^^'mpted to regard himself as a clever 
creature, because he enjoys the fruit of 
other men’s genius. He is apt to despise 
what he calN the lower laccs of mankind, 
because they have not in constant use the 
engines, machiiu-rv, and appliances which 
are commonjdaces in a white civilisation. 
The hard fact of the matter is, however, 
that the great majority of the inhabitants 
of a European nation have no more know'- 
ledge of the great inventions, and are 
entitled to no more credit for the^ great 
inventions, than the most ignorant savage 
who lives at this hour in the interior of 
Africa or Soiitli America. 

In London, for example, there are 
hundreds of thousands of users of tlie 
telephone, but probably not more tlian 
tw'o or three in eacli thousand, if as many, 
could take pen and paper and (*xplain in 
clear English, with or without the aid of a 
l\wv simple diagrams, how the sounds 
spoken into a mouthpiece in the City of 
London arc transmit te<l to a receiver at 
Whitecliapel or Westminster. 'Ihis is to 
name only one illustration out of thousands 
that iniglit he given to remind the readt'r 
that most civilised men are still content 
to enjoy that wiiich they d(3 not under- 
stand. Pt'rhaps no more striking instance 
could be named than the kinematograph. 
It is probable that not one in ten thousand 
ol those wdio on any evening are witness- 
ing a kinematograph entertainment could 
explain why their eyes perceive a moving 
picture, or upon wiiat quality fd sight-- 
or, rather, upon what defect of sight - the 
illusion of a moving picture is founded. 

It is, therefore, not only true that a 
comparatively few men have given w'ealtli 
to the world, hut that, even after the few 
great men have done their work, tlie 
multitude of people have not even much 
curiosity with regard to the inventions by 
which they benefit. 

It is a great misfortune for the masses 
of the people tliat such a posh ion should 
obtain. Apart from the desirability of 
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enlisting the mental powers of all men in 
the furtherance of intelligent work, it is 
an unhappy thing that so many people 
slmuld remain ignorant of the science 
which underlies modern work, ft is a 
misfortune because unless the masses of 
the people understand the means with 
which the world has boon dowered bv the 
ability of a few, those means will not 
come to be so well employed in the 
common service as would be the case if 
an intelligent public opinion, inspired by 
knowledge, insisted upon the full appli- 
cation of acquired powers. 

Take, for example, the main principles 
and possibilities of town-planning and 
town-making. The great majority of 
people arc content to live under conditions 
which arc obsolete and unworthy of a 
scientific age. 'I'hey are content to pay 
a considerable proportion of their iiicomes 
as rents for homes whicli are as incon- 
venient as they are ugly and unhealthy. 
It has not yet bc(Mi realised by the great 
majority that such things as light and air, 
trees and flowers, beautiful architecture 
and healthy recreation, ('an be freely 
enjoyed by modern town populations as 
soon as the>' make up their minds to 
»‘mplov well-known means to obtain them, 
ft is not that we still lack the power to 
create noble and beautiful cities ; it is 
simply that ])(‘oplc are not yet educated 
in the conception that they aie neglecting 
what has been discovered, and actually 
frustrating the operation and application 
of great ideas which might change the 
whole course of their lives. 

Let us n^turn to the point that the ideas 
which underlie wealth production are the 
gift to the world of a few people. If we 
Realise this, we see plainly that it is our 
duty to sow ideas. No man deserves to 
escape reproach who does not seek to sow 
and cultivate, for the sake of the future, 
the ideas of better men than himself. 

If there is a man among us — and it is 
to be feared that such men are legion — 
who has not read his Shakespeare to such 
effect that the thought, the imagery, and 
the language of Shakespeare have become 
part of his life, then for him Shakespeare 
has never lived. If there is a man who has 
not grounded himself in physical science, 
then for him the earth, the solar system, 
the starry heavens, the various manifesta- 
tions of 'motion, have either no meaning 
or a perverted meaning, in spite of the 
vast and fascinating stores of systematised 
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knowledge which have been accumulated 
during the last century. 

And it is not merely that a nation which 
desires the greatest degree of success in 
breeding ideas must seek to educate all its* 
people to the full realisation of their 
individual powers as applied to the 
world's stock of knowledge. In our 
attempts to make wealth- producing ideas 
fructify, we have, if we can, to arrive at 
the best means of cultivation. It is one 
thing for people to kiujw how to do things ; 
it is another thing for them to agree with 
each other how^ the knowledge should be 
a])plied. When w’e speak here of the 
breeding of ideas w'e are speaking not ol 
the proiluction of new id(‘as, but of the 
propagation of existing ideas. 

The scientific observer of our society, 
our industries, and oui institutions com- 
plains not so much of the lack of new 
ideas although, of course, it is a most 
desirable thing fo increase the common.. 
stock of ideas — as of the want of applica- 
tion of existing ones. It is an undcnibted 
fact that if \\c imagined discovery and 
invention to come to an absolute close at 
this hour, we already pcjssess such a stock 
of knowledge that we have the means to 
produce a sufficiency of the comforts and 
even of the luxuries of life for all our 
population. If, therefore, so many people 
lack comf(.»rls, and even necessaries, it is 
because our existing ideas are not suffi- 
ciently bred and multiplied. 

Let us take as illustration an^^ common 
article necessary to the comfort of a 
civilised life- say, a bathroom, containing 
sanitary and convenient bathing and 
W'ashing appliances in the shape of a bath 
and a lavatory basin furnished with a 
constant supply of hot and cold water. 
In essence this bathrcxmi is a small collec- 
tion of clever but not partii'ularly brilliant 
ideas, which, although, not great, are 
mightily conducive to health and happi- 
ness. We are at once faced with the really 
remarkable fact that of the nine million 
private-dwelling houses of the United 
Kingdom there are not three hundred 
thousand, if as many, wdiich possess good 
bathrooms adequately fitted. 

Here, therefore, we have a case in which 
some rather ordinary ideas are bred so 
insufficiently that the great majority of our 
people have to go without one of the major 
comforts of civilised life, and that although 
bathing on a most refined scale was well 
understood and practised in this country 
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two thousand years ago by the Romans, 
traces of whose remarkable appliances may 
yet be found in the United Kingdom. 

Or take another matter as to which 
in a climate like ours we need to make a 
good and sufficient provision if wc are 
to have common comfort. Wc have a 
long and usuall}" damp winter, but for- 
tunately we have one of the finest 
supplies of coal in the world. In these 
circumstances a messenger from Mars 
might imagine that on arriving on the 
Earth and examining the United Kingdom 
he would find that an intelligent white 
people had most surely attended suf- 
ficiently to the all-important matter of 
making their homes comfortably warm 
during the long winter-time. 

Alas ! the facts show that, possessing coal, 
vve use it so badly that it is only a small 
minority of the homes of our country 
which arc kepjt comfortably and healthily 
wani'.cd in cold weather. It is doubtful, 
indeed, whether there are as many as two 
hundred thousand houses among our 
nine million houses \vht*re any attempt 
is made to warm the bedrooms, and even 
where this attempt is made it is by the 
clumsiest means imaginable, (iiven the 
application of well-known and easily under- 
stood methods, every house in the country 
might be made (.'(un fort able in the winter 
by a comparalivelv small expenditure of 
the national fuel supply. Again it is a 
question not of lack f)f ideas, but of the 
lack of breeding of ideas. 'J'hc-. sc^ed exists, 
Init it is rarely and badly sown and poorly 
rultivated, and therefore the harvest of 
practical comfort is a poor one. 

d'he facts as to the slow br(‘eding ol 
ideas are the more remarkable because 
f'Verybody has the riglit to sow them. 
There is no property in ideas, or, to speak 
quite accurately, the Governments of all 
modern States give an inventor an ex- 
ceedingly short monopoly. The United 
Kingdom, for example, by its Patent 
Law limits the durati^on of a patent of 
monopoly to fourteen years, unless it 
appears that the patentee during tlie four- 
teen years has been inadequately remuner- 
ated for his invention, in wdiich case the 
Courts may extend the term ot the patent 
of monopoly for a further term of seven 
years, or, in an exceptional case, for a 
further fourteen years. 

No matter Iiow wonderful an invention 
may be, no rriatter how much new wealth 
it may produce, the inventor, we see, is 


only allowed a monopoly of the fruit of his 
wonderful idea for a term of from fourteen 
to twenty-eight years. It follows, there- 
fore, that nearly every patent existing 
at this moment will have lapsed in fourteen 
years from this time, and, of course, as to 
the great mass of good inventions, the 
patents exinred long ago. J.cT us remind 
ourselves further that the iileas at oar 
disposal arc not only British ones, but 
foreign ones as well. c5ur heritage of know- 
ledge is not that of a nation, but that of a 
world of many nations. All the creative 
powers of the various races of men have 
been lavished upon us, who arc the iu- 
lieritors of all the ages. 

In these circumstances, to neglect the 
proper and adecjiiate breeding of ideas 
is criminal folly, and it is a folly for which 
we have to pay dearly in the disorders and 
disharmonies wiiich detract from our 
enjoyment of the world, and w'hicli present 
us in our social institutions w'ith so many 
grave problems. The sociologist is often 
tenipted to belie \X' that by moulding social 
institutions he can do all that is lu^eded to 
abolish poverty and destitution -to pro- 
duce a more worthy civilisation. The 
sociologist, liowover, must work hand in 
hand with the expositors of all the 
sciences if he is to achieve his aims. The 
pow'ers ot scieiu e and government need 
co-ordination, and the statesman, in fram- 
ing his plans, must endeavour to give 
free play to what v\c have described as the 
breeding of ideas 

We might go farther still and say that 
it is the first duty of the statesman to 
further, to ]>roinotc, to stimulate, the 
sowing and luirvesting of ideas by direct 
action. It is not enough to relegate w^calth 
production to blind chance, and to th,e 
haphazard enterprise f)f individuals who 
may or may not do their duty. A mod(*rn 
people, educated in the knowledge of its 
heritage of power, must constantly survey 
its resources and its development ; and 
wherever it finds a lack of the full applica- 
tion of creative knowledge it must insist 
upon the gap being filled. If it does not 
do that, then the world's geniuses have 
laboured in vain. The w^ork of tlie few 
may be made Work done for all, hut there 
will never be sufficient application to all 
of the ideas of the few until knowledge of 
those ideas and the determination to apply 
that knowledge havT become a common 
possession ana a common aim. 

L. G. CHIOZZA MONEY 
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Japanese Islands. Build of the Country. Fujiyama. The Philippines. Successful 
Agriculture, Fisheries, Minerals, and Manufactures. Korea. Malay Archipelago* 


THE JAPANESE EMPIRE 


The Japanese Empire. Tlio .Tapnneso 
Empire (261,000 sq. niilos) consists of five largo 
and 600 small islands, forming a double f(‘8toon 
from Kamchatka to Southern China. The chief 
roups and islands arc (1) the barren Kurile 
slands ; (2) Hokkaido or Yozo, the most 

northerly of the larger islands, separated by a 
narrow strait from (.‘1) TTondo or Honshiu, the 
largest island, off which lie (4) Shikoku and (5) 
Kiushiu ; (6) the long Luchu group connects the 
islands named, which form Japan jiroper, with 
(7) Formosa (1895), (8) Southern Sakhalin 
(Karafuto) (1905), and (9) Korea (1910). 

The iFapanesc Emj)ire stretches from the 
latitude of Northern France to south of the 
Tropic of Cancer, and varies in climate from 
temperate to tropical, modified somewhat by 
oceanic conditions. All the larger islands lie in 
the monsoon area, and have abundant rains. 

Japan. Japan proper is everywh(‘re rnoun- 
tainous, and large plains are rare. The island 
lies on one of the great world-lines of volcanic 
activity, and volcanoes, active and extinct, are 
numerous. Of many extinct cones, the most [kt- 
feet is Fujiyama, the sacred mountain of Japan 
(12,000 ft.). Owing to the abundant rainfall, 
dense forests cover thr<‘(‘-liftlis of the area. 
With the world’s demand for timber rapidly 
increasing, as the supj)ly decreases, this is a 
valuable national asset, and the Japanese wisely 
pay great atUmlion to scientific forest The 
rivers are nnmerous, but short. Thougli too 
swift for navigation, they server to float down 
timber, to irrigate the cultivated lowlands, and 
to generate power. 

Among the forest trees are the sago plant and 
bamboo, both found as far north as Tokyo, the 
lacquer tree and the camphor laurel. Familiar 
trees are the [line, elm, chestnut, and beech. 
A beautiful tree is the eryptomeria, a stately 
cedar. Flowering slirubs are everywhere, for 
Jaj)an, even rnon* than China, is a flowcu’y land. 

Fujiyama. No one can think of Japan 
without thinking of Fujiyama, or Fujisan, which 
figures ill every Japanese picture. “Living at 
Tokyo,’’, wrote Sir Edwin Arnold, “or Yoko- 
hama,’ or anywhere along the Tokaido, the 
Bouthern road of Japan, you would soon see how 
the great volcano dominates the landscape and 
becomes an indisputable element in the national 
scenery. Far away at sea, when approaching 
Japan, long before the faintest blue line of coast 
is discernible, there is seen hanging in the air a 
great white symmetrical cone. That is Fuji. 
After you have landed, you will always be 
seeing Fuji from some garden, some tea-house 
gallery, some grove of eryptomeria, or thicket 
of bamboo. There are loftier peaks, of course, 


but there is none which ris(*s so proudly alone 
from the very brink of the sea. 

“ It is a circuit of 120 miles to go all round 
the base. The lower portion is euUivated to a 
height of 1500 ft., and it is a whole ])rovinco 
which thus climbs round her. I^rom tlie border 
of the farms Ix'gins a rough and wild but Howtuy 
woodland, which strofehes to 4000 ft., where 
the thick forest belt begins. Above the forest 
extends a narrow zone of dwarf txl larch and 
juniper, after wliich com(‘s tlu^ bare, burnt, and 
terribly majestic peak itself.” in winter tin* 
snows (;xt(‘nd half down the mountain’s colossal 
sides, adding the last touch to its beauty. 

Japanese Agriculture. The lowlands 
of Jaj)un are only one-fourth of its area, and 
only one-sixth of the islands is (rulf ivated. 
N(‘V(TtheIess, the j) 0 ))ulation is very deris(*, and 
agrieultiire is the chief oeeiijiation. Many causes 
account for its sueecvss. The first is th(‘ laborious 
industry of the peo[>le, who practise* spade 
cultivation and till tla ir farms with the care of 
gardeners. Secondly, no f(‘rti!ising matter is 
wast(‘(l in sc'wage, so that manure is abundant. 
The third cause is the prolific nature of the staple 
(Top- Tic(‘. All rice-lands are (|<‘ns('Iy peopled. 
The fourth lause is the frugal habits of the 
people, who can subsist on a scanty (liet of rice 
and fish. Tliese*. e,aus(‘s have hitherto (‘iiabled 
Japan to siipptjrt her large* population at liorne, 
but the ]>re'ssure^ is now beginning to be* felt, 
and the* .Japane'se*, like the ('hinese, se'cm elestineal 
to colonise* extcnsive'ly around the shore's of the 
Faeilie. (Iwing to liie value of land for agri- 
ellltur(^ live-stock has ne'ver bee*n important in 
ffapan, thougli horse's are now being bred for 
military purpose's. 

Japanese Crops. lliee is the Ktajih; 
cereal, with wheat as a winter crop. Hailey 
and beans are largely grown. Most farmers 
bre*ed silkworms. Mulbe'rrii's are ])lant(‘d in ^ow^s 
be'tween the crops, to wbie'h tbe'y give shade. 
Tea is the se*eond stajjk\ It grows we'll south eff 
Tokyo, and is found wild on the hills of Kiushiu, 
Shikoku, and Formosa. Native cotton is very 
short in fibres ; Arne'rican cotton has b(.*en intreJ- 
dueed, but the demand of the cotton-mills is not 
yet nie.^t. Tobacco is a (Joveriiment monopoly. 
Fruit is grown for export ; the cherry and plum 
have been planted from time immemorial for 
the beauty of their blossoms. 

Fisheries. The seas around Japan swarm 
with fish, and the shores arc everywhere ind<.*nted 
with good harbours, while the woenk'd hills sur- 
rounding them provide timlx'r for boat- building. 
Nearly LOGO, 000 families are enijiloyed in fishing, 
and fish is a staple of Japanese diet. 
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Minerals and Manufactures* ('oal is 
found chiefly in Hokkaido and Kiushiu. Iron 
is abundant, but is not found near coal. I’otro- 
Icum is widely distributed, and Japanese copper 
is of very fine quality. The arts of Old Japan 
were no less exquisite than those of India, 
including wonderful lacquer work, ])oreelain, 
cloisonm's and other decorative metal industries, 
painting, and embroidery. Within tlu* last fifty 
years the industries of the west have developed 
ra])idly. The hideous mill-chimney is now a 
common sight in ^ 
the exquisite Japan- 
('se landscape. With 
their frugal needs 
a n d <‘x tra ordinary 
t(^chnical skill, the 
Japanese will soon 
become powerful 
rivals in the mar- 
kets of th(^ world. 

Ozaka, on the In- 
land Sea, is tlu' 

IVl a n e best e r o f 
J apan. 

J a p a n e e 
Towns. Hako- 
date, in Hokkaido, 
near rich eoalfudds, 
is the outh't for the r 
resources of that 
island. In Honshiu, 
the capital is Tokyo, 
with many indus- 
tries, including ship- 
building and chemi- 
cal and engineering 
works. The port is 
Yokohama, at the 
entrances to Tokyo 
Bay, with an (‘iior- 
mous trade. Farther 
south is Nagoya, the 
largest town on the 
Tokaido line, which 
connects Toky^o with 
Kyoto, the anei<mf 
capital situated noai 
Lake B i w' a , t he 
largest lake in- 
Japan. A few miles 
distant is Ozaka. 

The chief port of 
Southern Honshiu 
is Kobt*, on the 
Inland 8ea. In Shi- 
koku, Tokushima is 
a flourishing town. The comm(*reial centre of 
Kiushiu is Nagasaki, a fint^ harbour, near rich 
coalflelds. 

Korea. The Korean j)eninsula (82,000 sq. 
miles) is everywhere rugged, the northern 
mountains rising to 8000 ft. The fertile valleys 
produce cotton, hemp, and tobacco. The capital 
is Seoul, on the Han, the longest river, at the 
mouth of which is tho chief port, Chemulpo, on 
the west coast. Fusan, on the Strait of Korea, 
has a large trade with Japan. 
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Formosa. Formosa is mountainous in the 
east, where the cliffs rise sheer 0000 ft. from the 
Pacific. The mountains arc densely forested, 
and inhabited by wild head-hunting tribes. 
Camphor is the chief product of this region. The 
w'ostern half is a lowland with good harbours 
facing (Ihina. The (Chinese form a largo element 
in fhe })opulation, cultivating sugar, rice, tea, 
indigo, tibre plants, and fhe like. 

The Philippine Inlands. This archi- 
p(‘lago, including 1200 islands (128.000 sq. 

miles), th(^ largest of 
which is Luzon, be- 
longs to fhe United 
Slates. All are nmun- 
lainous, volcanic, 
dc‘US(‘ly forested, well 
watered, and ex- 
tremely fertile. To- 
bacco and Manila 
hemp ar(‘ the most 
valuable products. 
Many of the varied 
tribes an‘ at a low 
level of civilisation. 
Th(‘ capital is Ma- 
nila, on Luzon. 

The Malay 
Archipelago. Of 
the innumerable is- 
lands w' Inch form this 
archipelago (78J,000 
sq. mil(‘s), the largest 
are Borneo.Smnatru, 
Java, and ()eleb(*s, 
all Dutch except 
part of Jk)rneo ; all 
ar(‘ very mouutain- 
ous and volcanic. 

The' (climate is 
tropical. The equa- 
torial belt has rain 
all tho year round, 
but outside this belt 
wet and dry 
s an* well 
marked. The for- 
ests pro<liice rubber 
and otlK*r useful sub- 
stances, which arc; 
eolli;eted by natives. 
Borneo, tho largest 
island, is as yet little 
de veloptxl . British 
Borneo, in the north, 
grows tobacco, 
coffee, and pe]jper. 
Dutch Borneo exports tobacco, pepper, sugar, 
rubber, and other forest produce, edible birds’ 
nests, bpche de mer, or sea-slugs, a Chinese delicacy, 
and tortoise-shell. Java, w ith fertile volcanic soil, 
}>roduces coffee, sugar, tea, indigo, cacao, tobacco, 
spices, rice, and sago. The capital is Batavia, the 
great emporium of trade in tho archipelago. The 
products of Sumatra and Celebes are very similar. 
Tho Molucca Islands, between Celebes and New 
Guinea, produce doves and other spices. 

A. J. AND F. D. HERBERTSON 
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Hexagonal and Octagonal Prisms. The Ring. 

Circles touching lines and circles. Foiled figures. 

OBJECT DRAWING AND GEOMETRY 


F or further practice in training the eye, and to 
show how to analyse an object to fiiul a simple 
system of construction for drawing it correctly, 
we will now explain the geometrical nuKloLs called 
the hexagonal and octagonal prisms. 

The Hexagonal Prism. This object has 
a regular hexagon for each of its ends, and oblong 
for each of its other surfaces, but both shapes will, 
of course, vary iniinitely in npjimmncp. according 
to the point of view' from which they an^ seen. 
In 217 (which is the appearance of th(‘ prism when 
the student is directly opposite the end, but the 
object below the eye level), a system of construction 
lines (dotted), will be noticed* — viz., AD, which is 
parallel to BC and EF ; also BF and VK, virtual 
lines through /?, F, and C, K, resjiectively. If 67/ 
is bisected in K, it will be seen that there are 
f(mr equal parts along AD — viz., AG, GK, KII, 
and HD. These, of courses, will not appear equal 
when the object is placed in such positions as 
represented in 218-224. 

A view as shown in 218 is a good one from 
which to learn the method of drawing this object. 
Jlegin by (h'termining the })osition of the corner (J 
with relation to surrounding obj(‘c‘ts, then the 
direction of apparcuit slairt of the edges BC and Cc 
and th?ir rcspectivi^ apparent lengths. From B, 
C, and c draw vertical liiu's BF, (Fi, and re, ancl 
determine the relative h(‘ight of CE. Through E 
draw Ee converging with Cr, and EF with CB. 
Bisect CF in //, and BF in G. Through G and // 
draw AD converging with both (Hi and EF. Fix 
the position of K by drawing the diagonal BE. 
Make HD slightly — very slightly — longer than 
KH, and AG very slightly shorter than GK. The 
student should consider carefully why these are 
apparently different lengths, although in the 
obj(‘ct really the same. 

.loin xiB, CD, DE, and FA, which will complete 
the apparent shape of the nearer end of the juism. 
Through D, E, and F. draw lines converging with 
Cc. The line Ee intersecting with re. determines 
the height of cv. Through c draw dc converging 
downwards witli D(\ and through e draw’ dc. con- 
verging upwards with DK, and ef converging with 
EF, thus completing the drawing. The dotted 
lines at the further end are put in to show the full 
construction, and that again we have an inslanct* 
of the further end being apjHtrently slightly witler 
from a to d tlian from A to D at nearer end, but 
of course (ow’ing to the convergence of Ee with Cr) 
the length of re is shorter than (HJ. The foregoing 
method is somewhat mechanical, but if the student 
will make can^ful observation from the model he 
will find the method an excellent proof of tho 
accuracy, or otherwise, of his capacity of judging 
apparent lengths, etc., or of guiding or even com- 
pelling him to see tho true apparent sizes, etc., of 
the object. 

In 218 it should be observed that there are Jour 
directions of convergence : first Cc, Dd, Ee, and FJ 
converging to the right ; second, CB, DA , EF, 
and ej to the left ; third, D(J, FA, and dc down- 
wards to tho left; and fourth, DK, BA, and d,e 
upwards to tho left. Compare 218 with 225. 


which is an incorrect drawing of the same view, 
show'ing tho many usual errors made by beginruTS. 
IntelHgcni consiil(‘ration should be given to why 
225 is wrong in so many respects. student 

should plaee the object as indicated in 218, and 
make careful tests. 

In 220 and 222 notice how BA, DE, and ab 
converge with one another; also AF with (JD 
and rd; and CB with KF and rh. Fig. 221 shows 
the reprc‘sentation wlu'ii the olisrrver is directly 
opposite the dotted line LM and the objt'ct below 
the eye level. Notice the three sets of converging 
lines, and that AH is apparently smaller than AF, 
and FE much smaller still. In 219 obs(*rvc th(* 
j)eculiar apparent shape of the face ABba. A view 
like that shown in 223 ciften gives considerable 
difiiculty to bc'ginncrs, owing to very much fon*- 
.shoricning of the visible end, but it is constructed 
just like 218. Fig. 224 is also rather dilliculi, 
because of the tilting of the object, but keen 
observation of the niodcd will enable thc^ student 
to overcome such dilTit;ulties. Notice that thi^ 
corners E and F are not vrrtirnUy above' Ji and (> 
respectively, and that tho construction lines FB, 
EC, Jb, and er, conv'tTge dowmcftrd^. I’lu'nj are 
also, as in 218, Jour directions of convergence. 

The Octagonal Prism. This model has a 
regular octagon at each end, but oblongs for each 
of its other surfaces, and both shapes may hnve^ 
an infinite number of appearance's from difit'rent 
noints of view. Fig. 226 is an eml view, and shows 
liow th(* regular octagon may be (‘nelo.sed in a 
stpiare A BCD. Then, if the ri'lative sizes of BG 
and GU are d<‘termined, the construction is easily 
made, for AE, AM, BF, BG, (FJ, CJ, JjK, and 
IBj are all ('(jual in this view. Draw the con- 
st nietioii lines as indicated. 

Fig. 227 gives the usual system of guide lines. 
First dete'riiiiiie the ])Osition and distance ajiart 
of tho vertical line's A B anel C>1>, and obtain the^ 
ajqmrent height e)f (F). Draw (B anti DA con- 
verging at th(' correct angle towanls the le'ft, thus 
e'ompleting the fipf)arent shape of the skele'ton 
.stjuare Ali(F). Then hy careful comparison fix 
the positions of the points G, II, ./, and K, and 
through I'ach draw the* rrspt'ctivt* ctnistruetioii 
lines, which at ee'rtain intt'i'sectituis give the juisitions 
of the corners of the oedagon’s apparent shape. 
.Join these corners by the lines as shown. The; 
coniplc'tion of tho drawing ne^e'ds only in 

ejbsc'rvation us rcgarels preqiortion and convi'i^e'iice 
of certain edge's. Fig. 227 shonUl be eompared 
with the inrorrert drawing shown in 234, which 
contains very many errors, usually niatlc by oart'less 
eibservers. By intelligently criticising a bad 
drawing, and finding eiiit why it is wrong, a studf'ut 
may sometime's learn more about the eorre'e't way 
it should be draw'u than if he merely looked at a 
true reprersentation of it ; and. mor(K)ver, certain 
principles will be more deeply imjiros.sid upon Iiis 
mind by this method. 

There is no need to give (letaile?d explanations 
of tho other representations of tlu^ octagonal prism 
as shown in 228-233, as the drawings, with tho 
dotted construction lines, speak for themselves as 
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217-234. A LESSON IN THF HEXAGONAL ANH OCTAGONAL TRISIVTS 


placed lying over on their 
Bides, so as to give further 
practice in drawing difficult 
views, and to give opportunities 
for improving the powers of 
observation to a higher level of 
excellence. 

The Rin«. Our model for 
the following k?Hson is the ring, 
which well illustrates two im- 
portant principles to be ob- 
served : 

1. That although the rim of 
an object, such as that of a cup, 
vase, wheel, etc., may be the 
same thiekn(\ss all round, yet it 
will not necessarily appear so. 

2. Ilow the wheels of vehicles, 
machinery, etc., should be 
drawn, as regards not merely 
the apparently varying thick- 
ness, but the apparent direction 
of their major axes. 

Horirontal Positions of 
the Ring. Figures 241 and 
242 indieate how the construc- 
tion should be miwlc when the 
ring is lying in a horizontal 
plaiH*. 'i’he first dillieulty is 
with regard to the dirretion of 
Mi(‘ major axis, and when deter- 
mining this the studc'nt should 
not be mis)(‘d by tlu* ajjpareiit 
dir(‘etion of the edges of sur- 
rounding ohj(*cts, such as the 
edges of, say, a board, box, 
table, (‘te. Whatever the ap- 
parent direction oj the latter may 
be, the major axis oJ the ring or 
wheel will always appear hori- 
zontal when the ring is lying in a 
horizontal plane. This should be 
verilied by the student, by plac ing 
the ring on a fiat table or board, 
so that the edges of the latter 
are r(*eeding from him in various 
diroetions, as in 247 and 248. 
'r he ref ore, begin the con- 
struction by drawing a hori- 
zontal line AB for the major 
axis of the top outer ellipse, 
eari'fully observing how high or 
how low it should be with 


regards the method to be ustnl in obtaining the 
various apparent shapes. The student must place 
the prism as indicated and draw jrom the object. 
Fig. 229 is th(* appc'aranet; when the student is 
opposite' the front face, hut the olijeet below the 
eye level. Fig. TSD gives the representation when 
viewed from a point opjiosite the line LM. Fig. 
231 shows how the drawing should he made when 
seen from a point practically o})posite the' edge 
FJ. Fig, 232 shows the drawing of the difficult 
view when the near end is much fe)rcshe)rtcm*d, 
while 283 is pe^rhaps more eiifficult still, as the 
e)bject is tilted upwards directly away frenu the 
observer, and particular attention should Ije given 
to the foreshortening of the near end, as well as 
the correct direction of convergence of certain (‘dges. 

Application of the Principles in 
this Lesso.n It is sometimes difficult to 
<d)tain objects which arc hexagonal or octagonal 
in shape, but drawings are given in 233-237, 239, 
and 240. The objects should, in some cases, be 


r(*gard to neighbouring objects. 

When the length of A H has been fixed, bisect 
the axis in the point C, and through C draw the 
minor axis DE at right angles to AB. Then find 
out the apparent length of this minor axis com- 
pared with /I B, and through the four points A , B, 
and E draw the curve of the ellipse, which 
rej)resents tht^ outiu* top edge of the ring. Now 
we come to the most important principle to be 
observed concerning this and similar objects, and 
that is, although the top inner edge is tmlly parallel 
with the outer edge, it doeJi not appear so. By careful 
observation of the model it will be seen that the 
ring njypears considerably wider at AF and JB 
towards the ends oj the major axis than it does at 
EO and DU, the ends of the minor axis. The 
student should now make further experiments with 
cups, vases, jars, and similar objects, and he will find 
that there is generally an apparently wider thickness 
at the ends of the major axis than at the ends of 
the minor axis. More illustrations bearing on this 
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235-240. OBJECTS drawn on TiIE same rillNCU’LKS as the 

HEXAOONAL AND OCTAGONAL PRISMS 


point will be given later when 
dealing with vases of various 
shapes. Thus it will bo seen 
how important it is to determine 
the apparent thickness at .IF, 

BJ, EGy and I)H very ac- 
eurately. It should bo noted 
that the major axis of the inner 
ellipse does not quite coincide 
witn that of the outer ellipse, 
but is very slightly above. The 
further top thickn(*ss, DHy is 
also apparently slightly less than 
the nearer top thickness EG. 

Then draw tlu^ inner ellijise 
through the four ])oints Fy Gy ./, 
and U. Now lind out the ap- 
parc'iit upright thickness EKs 
which is jrracticall}/ nbout th« 
mmr as AF or but 1h(o- 

retiralhj a tittle htrtjery becaust' 

EK is slightly nearer than .*1 F 
or JBy but the difTcrcnce is 
scarcely a])preciable, unless the 
ring is very large. Tlu* lowf‘r 
outside edge, it must be re- 
membered, is part of another 
ellipse vertically under tin; top 
outer one, which was diawn 
lirst. In 241 and 242 the con- 
struction shows the invisible 
jioiTiori by dotted lines. There 
is y('t anothcT curve, the lower 
and inner edge, which is but 
little se(*n in 241, but b(‘tter in 
242. 'J’his curve is also part of 
an ellipse, as shown in 241 and 
242, which will e.\ plain bett(‘r 
than words what th(‘ curve 
appears like, and its r(*lati<»n 
with the upper and iiiiK'r ellipse. 

Oblique Positions of 
the Ring. Figures 243 and 
245 are representations f»f the 
ring in a leaning or slanting 
position. When beginners at- 
tempt to draw such views they 
generally make a ^erv bad 
mistake about tlu^ dinction of 
the major axis A By because they 
do not use their eyes })roperIy, 
and do not know the very good 
guide that, if the pencil is held 
so that it a])parently passes 
through the two points C ancl ]) — the apparent in- 
tersections of the upper and lower inner edges - the 
major axis app(*ars to be in the same dircctiony but 
not exactly in th(? same position ^ for the major axis is 
practically midway betw(‘en the point E on the fur- 
ther side, and F on the nearer part of the outor edge. 
The above, guide holds good trfun. the ring is in any 
position whatever [ see 241 to 245 J. After the direct ion, 
position, and length of the major axis are deter- 
mined, the construction is the same in method as 
in 241 and 242. The student should remember 
and see that the major and minor axes are always 
at right angles to <‘aeh other, as this is a very 
important point indeed. 

Vertical Position of the Ring*. Figure 
244 is an interesting and important vic^w, supposing 
the ring to bo below the eye level, and standing in a 
vertical plane, as the wheels of a eart or carriage 
might bo. Here, again, beginners make errors, 
because they think the major axis must be upright 


since the ring is upright, but it is not nercssardy so ; 
in fact, the axis can only af>pear vertical wIumi the 
centre of the ring is exactly tm a k'vcl with the ('ye 
of the observer. 

The above statement should be compared with 
what was explained about the cylinder in the 
position shown in 148, and the student will find 
that the law is really flu? same, for th(* ring may 
be eoiisidcircd as a hollow cylinck'r with its axis 
receding to the right in 244 in the direction IX' ; 
therefon', the major axis AB must be drawn at 
right angles to DC — the axis of the object. 

Application of Above Principles. »S(‘e 
how the foregoing principle is applied in tlu; drawing 
of the clock in 248, where an imaginary line through 
T. and VTI. for the major axis of the dial is at right 
angles to A By the axis of tin? clock, although the 
face is really in a vertical plane. The clock, for 
the purposes of this drawing, is assumed to bo 
above the eye level. 
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triangle EHC (Prob. 260). 

With conti’o E and radius 
EF mark off EO, EH, KJ, 
each equal to EF, then O, 

H, and ,/ are the eoutres of 
the other circl(\s. 

263. In any (iivnx 
RfAJULAR PoLYdON (.SAY, 

ABCDKF), TO iNSCRIBli 
AS Many Equal Circles 
AS THE PkjURE has SlDKS, 

Each (Urcle Touchinc 
One Side and Two 
Circles. Divide the figure 
into ('qual triangles, and 
inscribe a circle in each, as 
shown. 

254. To Inscrtiie a 
Circle in a Given Square 
A BCD. Draw the <liagonals 
and diameters to find the 
centre E, and with radius 
KF describe the circle. 

255. Within a Given 
Square A BCD, to In- 
SCRIBE Four K q u a l 
Circles, Fa ti Touchino 
Two Sides and Tw^o 
C iRfUES. Draw diagonals 
and diameter.s as hi* fore. 

Join F, C, //, and K. 

'riie inteLsections L, M, N, 

O, with th(' diagonals, an? 
tht^ eentres of the circles. 

Join Jj and M, then IjP or 
MP is the radius rcHpiired. 

256. To Jn.sc'Ribe a 

Circle in any Reoular 
P oLYOON. Bisect any two 
angl(‘s A BC and BC1>, thc'H 
K is the centre*, and a per- 
pendicular (.say, EF) from 
E to either of the sides i.s 
the radius. 

257. J 'o Inscribe a 

Circle in a Given Rhom- 
bus ABClJ. Draw the 
diagonals to find the 
centre E, and a pe-rpen- 
dicular (say, EF), from E 
to either of the sieles is the 
radius. 

268. To 1 N. scribe a 

Circ'LE in a Given Tra- 
VEZiuM A BCD Draw thc^ 

diagonal AC and bisect 
one of the other angles, 
then E is the centit% and 
th(i radius is a pcrjiendieular to either of the sides. 

259. Within a Given Equilateral Trianole 
ABC, TO In.sihibe Three Kqual fhRCLKs, Kaih 
Toik^HTNG T^VO SlDE.S AND Two ClRCLE.S. Bisect 
each of the angle.s by the lines AE. BD, and CF, 
thus obtaining three equal trapeziums, in each of 
which inscribe a circle as in 268. 

260. To In.scrihe a Circle in a Given Sector 
ABC, Bisect the angle by A D. Through D draw a 
tangent DE to meet either AB or AC produced in 
E, Bisect the angle A ED by the line EF intersecting 
AD at F, which is the centre, anti FD the radius of 
the required circle. 

261. To Describe a Circle to Touch the Arc 
OF A Sector and the Two Radii Produced. 
Bisect the angle by BD intersecting the arc at E, 


J’hrough E thaw the tangent EF. Bisect the angle 
EFG by the line FH intersecting BD in //, whi' h 
i.s the ctTitn*, and HE the radius of the circle. 

262. To In.scribe any Number ok Cir( les in 
A Given (hiici.E. Divide tin* circle into twict* as 
many sectors as eirelcs required, and in.scribt* a 
circle in each sector (Prob. 260). The eenfics arc* 
found as shown by the dottt'd circle. 

263. To DE.SCRIBE ANY NUMHEK (.^AY, FoUR) 
OF Equal (bRCLEs about a Given Circle. Divide 
the circle as in 262 and produce tin* diameters. At 
the point A draw a tangent B(\ Then proceed as 
in 261. The other centres arc found a.s shown by 
the dotted circle. 

264. To Desi ribe a Cir< le of a Given Radiu.s 
AB TO Touch a Given (*ijule C and a Given 
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Circle ^4 in a GIVE^ 
Point Bf and to Pass 
Through a Given Point 
C, Either Within or 
Without the Circle. J oin 
B and C. Bisect BC by a 
perpendicular DK, Join B 
and and produce BA to 
meet DE in which is the 
centre, and BE the radius 
of the circle required. 

267. To Describe a 
Circle to Touch a Given 
Circle at a Given Point 

AND A Straight Bine 
BC. First externally : Find 
J), the centre of the given 
circle, and draw DE through 
A. At ^ draw the tan- 
gt'iit AF meeting BG in F, 
With F as centre and FA 
as radius describe an arc 
cutting BC in G. At G 
erect a perpendicular to BC 
intersecting DE in A’, 
which is the centre. 
Second, including the, given 
circle : Draw the radius 
AD and produce it beyond 
J). Draw the tangent A F 
meeting BC in F. Make 
FG eipial to FA. At G 
erect a perpendicular to 
BC meeting AE in E, 
which is the centre, and 
EG the radius. 

268. To Describe a 
Gir( i.E TO Toin ii A Given 

(.'iRCLE AND A STRAIGHT 

Link AB at a Point C. 
First externnlh/ : I'"ind />, 
the centre of the givi'M 
circle, and draw DA per* 
]>endieular to AB, am! 
])roduce it to E. .Join 
EC. Through F (when^ EC 
cuts the given circle) draw 
DO intersecting a perpen- 
dicular frf)ni C in G. G is 
tiu; centre and GC the 
radius of required (irelo. 
Second, including the circle : 
]'"ind the centre D, and 
draw the yMU-pendiculars 
AD and CG as bcjforo, 
I'hrough E (the intersec- 
tion of AD with the cir- 
cuniferenee of the given 
TiiNK DE. Draw FG parallel to DE at a distance circle) draw CF cutting the circle in F. Through 
equal to B from it. With centre G and radius equal F and /) <Jraw FG intersecting CO in O, which is 

to the sum of the radiu.s of circh^ C, plus AB, the emit re, and GC the radius of required circle, 

describe an arc cutting FG in H which is the centre 269. To I) esc ride a Circle of a Givjsn Radius 
required. A B, to Touch Two Given (hRCLiss, and Include 

265. To Describe a Circ'le of a Given Radius, Them, .loin the centres of the circles and 4 )roduce 

Touching Two IJiveN Circles Kxternali.y. Let the line both ways. Mark off FE and OH equal 

AB bo the given radius. Find the centres C and D to given radius AB. With centres C and D and 

of the given circle.-^, draw radii CE and DF and radii Cli and DE respectively, describe arcs inter- 

produce them. Set off EG, FH equal to AB. With secting at K, which i.s the centre of circle required, 

centre- G and radius GG describe an arc. With centre 270. To Describe a Circle to Touch Two 
D and radius />//, intersect in K. With centre K Given Circles A and B, and One of Them in 
and radius AB describe the circle. If the arcs weni a Given Point G. Join A, the centre, with G and 

continued, the centre for another circle would bo produce. Make CD equal to the radius of the other 

obtained at thoir upper intersection. circle B, Join D and B and bisect BD by a per- 

266. To Desuuiue .a Circle to Touch a Given ]x>ndicular intersecting CA produced in E, wbicn is 
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the Centro, and EC the radius of tho required 
circle. 

^ 271. To Describe Three CmciiKS to Touch 
Each Other, their Kadit A, B, and C being 
Given. Draw any line ])K, and sot off on it 1)F 
and FG equal to A and B re«^pectively. With 1) 
as centre ami DF as radius describe one circle. With 
G as centre and GF as radius describe a second 
circle. Mark off FIJ and FJ eoc^h equal to C. With 
centre J) and radius 1).J describe an arc. With 
(H^ntre G and radius (Ui <lescrib(» another arc in- 
tersecting the former in A', tho centre of the third 
circle, whoso radius is C. 

272. To Describe a Circle which shall J^\ss 
Through Two (Jivkn IVunts A and 7?, and Toit<’h 
a Given Circle FGV. Describe any circle jmssing 
through A and 7f, and cutting the circlci FGC in (' 
and I). Through C and D draw CE to me(‘t AB 
produced in K. From P] draw a tangent P2F to the 
circle F'GC. Then F is the point whore the do- 
scribed circle will touch the given circle. Describe 
a circle to })ass through the points A, B, and F. 

Foiled Figures. The following problems 
relating to foiled figures are t'xceedmgly iiFcful 
in geometrical design for window trm*ery and 
other ornamental fonns, Tt should be observed 
that in 274-282 tho foiled figur(‘s are formed of 
ftewirircnlnr arcs, but in 283 of iarujeniial arcs. 

273. To Jnsi'htbe a Semk iri le in an Isosceles 
Triangle ABC. Bisect the angle BA(2 by AI>. 
Bisect the angle ADB by DE cutting AB in A\ 
Through E draw PJF parallel to B(\ Ufion P2F 
describe a scunieirele. 

274. To INSCRIBE, in an Kquii.ateral Triangle 
ABC, Three Equal Semicircles, Each Touching 
One Side and Having their Diameters Ad.i acent. 
Bisect each angle of the triangk* by th(‘ lim*s F, 
BD, and CE. Bisect the angle AFB by the lim^ 
FO cutting BD in G, Through O draw Gll and GJ 
parallel to J$C and BA n'spectively. doin IIJ, 
On the lines IIG, GJ, and .7/7 descrihe somieirelos. 

275. Jn a Square A BCD, to Insc ribe Four 
Equal Semicircles having their Diameters 
Ad-iac’Ent, Each to Touch one Side oe the 
Square. Draw the diagonals and diameder.'^. 
Bisect the angle P2FB by FG, and obtain the inner 
scpiarc GHJK. Upon each side of this square 
c;onstniet a scmiicircle. 

276. Within a Ukciular I^otanjon, say a 
Hexagon, to In.scribe as Many Semic ircles as 
THE Figure has Sides, Each Touching One Side 

AND HAVING THEIR DIAMETERS ADJACENT. Divide 
the polygon into equal triangle's and inscribe a semi- 
circle in each as .shown. 

277. To In.scribe any Number of Equal Semi- 
circles IN A Circle, Each to Touch the Circum- 
ference, and have their Diameters Adjacent. 
Divide the circle? into twi<*e as many ecpial ])art.s 
as semicircles recpiired. Draw the cliameters, and 
at the end (if one of them (say, at A ) draw a tangent. 
Bisect the angle BAC by Al), and obtain BE, Bf', 
BO, and 7i/7, each c'qiial to BD, Draw the lamtagon 
DEFGIJ, and describe a .semicircle on each side. 

278. To Inscribe a Semicircle in a (Jjven 
Square AKBFj. Draw tho diagonals AB and KE. 
Describe a semicircle on AB. Draw CD pcr|ien- 
dicular io A K and cutting the semicircle in 77. 
Join DFi, and through F draw FG parallc;! to DC, 
Q is the centre and OF the required radius. 

279. To Inscribe a Semicircle in a Given 
Trapezium AEBK, Draw the diagonals. On the 
shorter, AB, dc^scribe a semicircle. From C draw 
CD perpendicular to BK and cutting the semicircle 
in D, Join DE, and proceed as in last problem. 
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^ 280. In a Given Square ABCD, to In.scuiue 
Four Equal Skmiciri les, Each to Touch Two 
Sides, and have their Diameter.s Adjacent. 
Draw the diagonals and diameters as shown. In 
each small sipiare, as BEFG, inscribe a semieireh'. 

281. In a Given Equilateral Triangle ABC, 
TO 1n.s(’rjbe Three Equal Semicircles havino 
their Diameters Ad.iacent, and Each Touching 
Two Sides of the 'rniANCLE. Bisect (‘ach angle 
of the triangle by lines which divide the triangle 
into three equal trapeziums. Jn one trapezium 
(say, D/Vv’) inscribe a si'inicirele as in 279. Make 
F./ (N(ual to 777. Join IIJ and GJ. Upon HJ 
and GJ describe the semicircles. 

282. In any Regular Fc^lygon (say, a Pen- 
TA(JON ABCDE), TO 1ns('Ribe a Number of Equal 
Semicircles, eac h to Touch Two Sides of tiif 
Polygon, and have their Diameters Adjacent. 
Draw the lines bisecting the aiiLdt's and giving live 
e<pial trapeziums. In each trapezium inscribe a 
semicircle, as in 279. 

283. To Describe a Trefoh. of Tangential 
Arcs, the Radius AB being Given. Construct an 
equilateral triangle CDE with side.s each doubh? of 
AB. With each angle as centre and AB rad in.- 
dc.se ri he the arcs. 

284. About a Given Triangle ABC, to 
De.scribk Another Triangle similar to a given 
Triangle DFJF. On AB construct a triangle 
similar to th(‘ triangle DEF. Through C draw a line 
parallel to A B, and produce GA, and GB to meet it. 
Then GUJ is the triangle required. 

283. About a Given Square A BCD, to De.scri be 
a Triangle similar to a Given Triangle FIFO, 

( )n A D const met a triangle similar to E FG. J^roduee 
the sides to nus'f B(\ produei'd as shown. 

288. Within a Given Triangle ABC, to 
Insi'ribe another Triangle similar to a Given 
Triangle DEF. On A B construc't a triangle similai 
to J)EF. Draw GC. From 7/ draw IIJ and II K 
parallel to GB and GA lespect iv(‘ly. tioin JK. 
Then IIJK is the refpiired triangk'. 

287. 'Po Inscribe an Equilateral Triangle 
in a tiiVEN Square ABCD. Draw the diagonal A(\ 
On AC construct an equilateral triangle ACE. 
From D draw DF and DG jiaralkd to EA and EC 
res]K‘etivrly. .loin F and O, 

288. To I NscRi BE A Square in a Given Triangle 
AB(^. Draw AD perpendicular to BC. From A 
draw AE parallel to CB and equal to A D. Draw K(\ 
From F draw FG and 777 ])aralle] to BC and /17> 
respectively. From G draw GJ iiarallel to AD. 
Then F'GJH is the required square. 

289. To Inscribe a Square in a Trapezium 
AB(J>. Draw the diagomds dU and BD. Draw 
AE parallel to BD anil equal to A(-'. Draw BE. 
From F draw FG and 77/ jiarallel to BD and AC 
res|M?ctively. From G draw GJ parallel to AC and 
join JIJ. 

290. To 1. NSC HI be a S(iUARE IN A GiVEN SECTOR 
A BC. Join B and ('. Draw CD perpendicular and 
equal io BC. Draw AD, and from E draw EG and 
EF jiarallel to ('B and DC respectively. Draw’ Gli 
and FII ])arallel to EF and EG. 

291. To Inscribe a Square in a Segment AB(\ 
Bi.sect the chord A B of the segment in J. Draw BD 
(Mjiial and pi'rpc'iidieular to AB. Draw JD and 
produce it to cut the arc in E. From E draw PJF 
and EG parallel to BD and BA respectively. Draw 
on parallel to EF. .loin 777. Then OIIF'E is the 
required square. 

292. Within a Given Circle, to Inscribe a 
Triangle similar to a Given Trianolb ABC, 
At any point D in the circumference of tho given 
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circle draw a tangent EF. Make the angle EDO 
f>(iufil to the angle CAB, and the angle FDII equal 
to the angle ABC. Join GU. Then DHQ ia the 
required triangle. 

293. About a Gtvrn Cirviaz, to Bescribr a 
Trianole similar to a Given Triangle ABC. 
Produce the hjiao BC of the given triangle. ^Find 
th(‘ eentro L of the given ein Ji‘, draw any radiu.s LO, 
and j^roducc it. C^onstruct the angle FFM equal to 
the exterior angle ACD. and the angh’i TJLG equal 
to the exterior angh? ABE. Produce IJl, BF, and 
draw tangents as shown. 

294. To DK.srRiuE a Square About a Given 
IsoscEi.ES Triangle AB(J. Bisect the base BC of 
the given triangle by the line AU. On BC describe 
a seinieirelo. Then AD will be a diagonal of the 
r<‘(iui e<l squan*. Draw DC and l)B of indefinite* 
lengtli, and from A dr.aw parallels to meet them 

295. In a Given H e\A(U)n ’ABCDEF, to Inscribe 
AN Isosceles Triangle, the Base UJ being 
Given. Draw the diagonal AD of the giv(‘n 
hexagon. Draw at right angles to /ID. Set olT 
EK equal to 11 J. 

Draw KL ])arallel to 
ED, and LM parallel 
to CE. Draw AL 
and AM. 

296. Within a 
Given Circle, to 
Inscribe an Isos- 
celes Triangle, the 
Base AB being 
Given. Draw two 
diameters of the 
given circle CJ) and 
EF at right angles to 
each other. Make 
GH canal to half the 
given base A B. Draw 
JIJ j>arallel to CD, 
and JK parallel to 
EF. Draw CJ and 
CK. 

297. Within a 
Given S q u a r e 
A BCD, to Inscribe 
another Sc^uare. 

ONE Angle to Touch 
A Side at a Given 
Point E. Draw the 
diagonals of the given 
square. With centn* 

F and radius FE 
describe a circh*. 

•loin the points, E, G, 

//, ./. 

298. To Inscribe 
A Bhombus in A 
Given Parallei.o- 
GRAM A BCD, HAVINCJ 
One of its Angles 
AT A Given Point E. 

Draw the diagonals 
of the parallelogram. 

From E draw EF 
passing through the 
centre G of the paiallclogram. Through G 'draw IIJ 
at right angles to EF. Draw EJ, J F, FH, and HE. 

204. To Inscribe a Square in a Rhombus 
A BCD. Draw the diagonals, and bisect the angles 
thus formed. Join E, F, O, and //. 

800. To Inscribe a Square in a Hexagon. 
Draw the diagonal AB, and bisect it at right angles 
bv the diameter CD. Proceed as in 299. 
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301. To Inscribe a Regular Hexagon in an 
Equilateral Triangle ABC. Bisect each of the 
angles of the given triangle by the lines AE, BF, 
and CD. With centre G and radius GA describe 
a circle. Draw DE, EF, and FD. Then HJKLMN 
is the hexagon required. 

302. Within a Given Triangle ABC, to 
Inscribe a Rectangle, the Length of One Side, 
DD, BEING Given. Set off /IF equal to D^. Draw 
FG parallel to BA. From G draw GH parallel to CB. 
Draw HJ and GK pcr|xmdiculiir to BC. 

303. In a Given Square A BCD, to Inscribe an 

Iso-SCKLES TrIANOLE, THE BaSE EF BEING GlVEN. 
Draw the diagonals AC and BD of the given square, 
and on CA set off CG equal to the given base EF. 
Draw GII parallel to CB and HJ parallel to GG. 
Draw DH and DJ. 

304. Within any Givb:n Quadrilateral A BCD, 
TO Inscribe a Para li.elog ram, having Given 
the PfxsiTioN, E, OF ONE Angle. Draw th(? 
diagonals AC, BD. Draw EF parallel to AC, EH, 
and F(} parallel to BD. Join G and II. Then 

EFGH will be the re- 
quired parallelogram. 

305. Within any 
Given Quadril\‘ 
tkral ABCD, to In- 
scribe A Parallelo- 
gram, having Given 
EF, THE Length of 
ONE Side. Draw the 
diagonals AC, BD. 
On one of them set 
off BG equal to EF. 
From G draw GH 
paralk'l to BC. Draw 
HJ parallel to DB, 
H K and J L ])arallel lo 
CA. Join KJj. 

308. Within a 
C» I V E N Triangle 
ABC OR any Re- 
gular Polygon, to 
I N scribe anoth k r 
similar Figure, hav- 
I N (J ITS Side s 
1’arali.el to and 

Eq U 1 1 ) rST A NT FRO M 

THOSE OK 'I’HE Given 
Figure, the Length 
OF ONE Side, DE, 
BEIN({ Given. Bisect 
the angles and obtain 
the centre F. Set 
off BG e(pial to DE. 
Draw GH parallel to 
BF, HK paiallol to 
C.A, HL parallel to 
GB, and join K and L. 
Then HLK is the re- 
quired triangle. 

307. About a 
Given Triangle or 
ANY Regular, Poly- 
gon (say, a Hexagon 
ABCDEF), to De- 

.SCRIBE ANOTHER SIMILAR FIGURE, HAVING ITS SiDES 

Parallel to and Equidistant from those of 
THE Given Figure, the Length, GH, of one Side 
BEING Given. Find the centre as before, and 
produce the lines bisecting the angles. Produce CD, 
and set off CK equal to GH. Through K draw LM 
parallel to DE, and the other sides parallel to the 
respective sides of the given hexagon, as shown. 
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How Many Meals Should We Have a Day? 

Is Appetite Trustworthy? Cooking of Food. 

FOOD AND APPETITE 


H OW . many meals should one havti a day Y 
That depends on many things. At what 
hours should one eat one's principal meals ? That 
also depends on many things. In this country, 
under ordinary conditions, a man usually hr<Nik- 
fast« between 8 a.in. and 9 a. in., has lun<‘hecm 
about 1 p.rn., and dinner betwVen 7 p.m. and 
8 [).m., and the lieaviest meal is the last one. 
Between luncheon and dinn(‘r he has \isually 
afternoon tea, with bread-and-bult(‘r, eakes, 
and biscuits. His breakfast usually consists of 
fish, and ham and eggs, with bread-and-butter ; 
his luncheon is usually a light re[)ast, with litth^ 
meat ; and the main feeding of the day takes 
place towards night, when he (‘ats a heavy late 
dinner of three or four or inon; coursi's. Four 
such meals at such hours arc })hysiologieally 
sound. There is time betw^een breakfast and 
luncheon for the digestion of breakfast : there 
is time betweim luncheon and <linner for tlie 
digestion of luncheon ; and dinner should be 
fairly wc‘ll digested before a man go(‘s to bed, 
about 1 1 p.m. or so. 

la it Wise to Take a Big Breakfast ? 

The Englishman’s breakfast is a much more sub- 
stantial meal than is taken by most Continental 
race's at that early hour, and it has met with a 
good deal of eriticism. Since his heavy late 
dinner, he has done, as a rule, comparatively 
little work, either mental or physical, and he has 
spent most of tlu^ hours resting and sleejiing in 
his bed. Why, th(*n, should he take porridge, 
and bacon, and eggs, and toast, and buttc‘r, and 
such things ? There is an old prov<Tb that “the 
breakfast makes the man,’ but the proverb 
dates from before the time of late dinners. 

It may be said, on the other hand, that thft 
nervous system and circulation are r(*sted and 
particularly fit to cope with the work of diges- 
tion, and that the breakfast is really anticipatoiy. 
And there is a good deal to be said for this 
asjiect of the matter, provided the luncheon a 
few hours later is not too heavy. It would, in- 
deed, be a wise rule that breakfast an<\^ luncheon 
should be inversely proportional. Big break- 
fast, small luncheon ; big luncheon, small 
breakfast. Some people, even in the best of 
health, do not have much appetite for breakfast. 
Other people relish their breakfast nuirc than 
any other meal of the day. There is no ad- 
vantage of making regular i-ules for all mankind. 
Each man has his own digestive idiosyncrasies, 
and must, to some extemt, humour them. 

Is a Late Dinner Wise ? But, if break- 
fast be anticipatory, what about dinner when 
the day’s work is over ? Is it retrospective ? 
Yes, to a certain extent it is retrospective ; for 
a man in the course of a hard day's work ]}ro- 


bably uses more energy than he stores, and 
dinner makes good, and mon* tlian makes goed, 
the deficit. Nou\ the wwk, or the heaviest work, 
of the day should he ovea*, and tin* man should 
be able to sit down with an easy mind to tlu^ 
business of f(H‘ding, and should be able to sit 
(juietlv after dinner and allow digestion to do 
its wwk. To (‘at a heavy meal in IIk' middle of 
a .strenuous day’s work is to invite indig(*stiou, 
unk'ss it is pcTssihle to take about forty minutes’ 
rest before and after the nu‘al. But it must be 
realised that a man eating four nu'als a day, or 
three and a half meals a day, should not r<‘quin‘ 
to make any m(‘al a very lu'avy om*. A Iu‘a\y 
meal late at night often tells its own tale (if 
physiological transgn'ssion by a sl(*ej)less night 
or nightmare. 

Afternoon tea is a comparatively modern 
institution, and many regard it as an altogether 
pernicious habit. That, again, is a matter for 
the individual to judge. IVrsonally, if the writer 
is working he finds that afternoon tea is a most 
reinvigorating meal : it weakens one up and 
increas(‘s on(‘’s working rapacity ; it also dis- 
tributes th(^ labour of dig(‘stion by enabling one 
to be safisli(*d w'ith a lighter diniKT. But (3thers 
do not require flu' littl(‘, inlerpolat(‘d meal, and 
find that it spoils lh(*ir dinimr, and if that bo so 
th(\y w ill b(‘ far bett(*r to avoid it. 

Some p(*o])le find themselv(‘s better and litter 
if tlu‘y miss breakfast altog(*ther, but lber(‘. may 
be some doubt wbetli(*r it is quit(‘ wise to have 
no m(*al from dinner one day to lunelu'on the 
next day. Furth(‘r, to get fo(xl of so much fuel 
value into two meals instead of means, of 

eoui-se, that more must be eaten at the tw^o meals, 
and this may have its disadvantages. The sanu' 
objections a])ply to the omission of luncheon. 
But in both eas('s the man must judge for him- 
self, since physiologj^ has no fixed rule to otVer 
in the matter. Possibly, for a man living a 
sedentary lib; and working only w^ith his brains, 
two meals may be betl(‘r than three, since they 
olb^r less temptation to exc(‘ss. 

Frequent Small Meals not Best. 

Occasionally it is desirable to have frequent small 
meals during the course of the day. but only 
when there is extreme weakness. Frequent small 
meals an^ nev(‘r so good as less fr(‘qu(‘nt larg(‘r 
ones. Digestion is a process that n'quires tina*, 
and to put a nu'al, however small, into the* 
stomach when it is still working at a previous 
me.al, however small, is to dejiarl from tJi(‘ j>a<hs 
of physiological righteousness. 

Ihinctuality at meals is undouht(Mlly a good 
thing. The subconscunis mind that nde^s th(* 
organic functions has in some strange? way a 
sense bf time, and regularity in meals will be 
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answered by a preparedness and a regularity in 
the digestive processes. If wo postpone a meal 
till long past its usual hour the result will be 
that we have no ap|>otite for the food. 

On the other hand, a healthy digestion — that 
is to say, digestion in a man whose energy is 
identifnl 'and on right lines — is very adaptable, 
and a healthy iran can usually miss a meal or 
})ostponc a nu^al without any great inconvenience. 
When ho had to hunt for his food no doubt his 
meals were not always quite punctual, and 
probably he not infrequently missed a meal. 

Is Appetite to be Obeyed ? So far wc 
have said very little about appetite, but 
appetite is a factor in digestion that cannot be 
ignored. Is a man with a big appetite to obey 
liis appetite or the ascetic rules of the dietetic 
authorities ? Is a n\an with a poor api)etite to 
eat as little as he is inclined to eat, or is he to 
force himself to eat against his desires ? Ts a 
man to eat what his ai)petito crav(*s, or is he to 
oat what he does not feel the least desire to cat ? 
These are important qiu^stions which must be 
faced and answered. 

Unfortunately, they cannot bo unsM'cred by 
simphi “yes” or “no.” There is such a thing 
as a healthy appetite, and also such a thing as an 
unhealthy appetite. There is such a thing as a 
natural appetite, and also such a thing as an 
acquired appetite. Tliero is a diseased appetite 
known as Bovlimta, which gives a man a pro- 
tligious appetite ; and there are cases known 
whore young girls have an appetite for slate 
pencils and other doubtful articles of diet. 

Witliin limits, however, the natural appetite, 
uncoaxed, unvitiated, affords much useful guid- 
ance in dietetic matters, and its admonitions 
should always be regarded with resp(‘ct. It may 
require a curb, and it occasionally requires the 
spur, but it usually knows what is good for it. 

'rak(i the case of the appetite of children for 
sugar and jam. It is an appetite that has been 
for many years little encouraged. Adults, in their 
superior wisdom, have considered sugar and jam 
bad for children. And yel a more scientific 
knowledge of dietetics has taught ns that the 
child’s appetite is right, and that sugar and jam 
arc just the foods flic child specially needs to 
supply ready and concentrated fuel to keep up 
its incessant muscular activity. Sugar in 
moderation is good even for adults, and most 
adults whose appetite and palate are not spoilt 
by alcohol and tobacco preserve a taste for sweet 
things. Hut here we see the necessity of our 
qualification that the appetite must ho unspoiled 
if it is to be trusted. The appetite of a man who 
has injured liis health by indulgence in alcohol 
or tobacco will bo cpiite untrustworthy. The 
appetite of the consumptive wdll refuse many 
things good for him and demand many things 
, that are bad for him. 

A Mistake to Coax Appetite too Much. 

Nowadays, too, we coax our appetite with 
piquant sauces and flavours and pickles to crave 
more than is good for us, or curb it imnecessarily 
in a foolish endeavour to get down our weight till 
it ceases to guide us at all. We tamper with the 
jury, and we cannot expect a fair verdict. 
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But the normal, natural appetite is an instinct 
that deserves respect, and that deserves to be 
studied and cultivated in the interests of health. 
Even as it usually leads the child to the jam, so 
it usually leads the man to what he requires. It 
is intimately related to taste and smell : taste 
and smell lose their acuteness when the appetite 
is satisfied, and much under-eating and over- 
eating, too, with consequent digestive trouble, 
arc due to the habit of devouring food without 
rnjisticating and tasting it. The Fletcherites 
declare that if the food be well masticated the 
appetite learns to signify when enough has been 
consumed. “ By carefully studying oneself 1 
believe it possible to cultivate an instinct which 
will regulate not only the quantity but the 
quality of food that the body may need. . . 

Appetite the Normal Prelude to 
Healthy Digestion. Certain it is that appe- 
tite is the normal pn'liminary of ordinary, healthy 
dig<‘Stion. Jt means tliat the digesti\T juices 
are roarly to do their work, and that the cells of 
the body are ready to build tissue and to store 
en(Tgy. We all know how the mouth waters 
when we smell or see a])|)etising food, and not 
only the mouth but also the stomach waters. 

Pawlow, in his book “'Fhc Work of the 
Digestive (Jlunds,” tells how he teas(‘d a dog by 
holding meat beyond its reach. The lesult was 
a copious flow of gastric juice. “ We are ihere- 
fon* juslified,” writes Pawlow, “ in saying that 
the ap|)ctite is the first and the mightiest exciter 
of the secn^toiy nerves of the stomach, a factor 
which embodu'S in itself a something caj)able of 
impelling the empty stomach of the dog in the 
sham feeding c*xi)eriment to secrete large quan- 
tities of the strongest juice. A good appetite in 
eating is equivalentjrom the outset to a vigorous 
seereliori of the strongest juice. Where there is 
no a[)|M>tito this juice is also absent. To restore 
appetite to a man means to sc^eure him a large 
.stock of gastric juice whereby to begin the 
digestion of a meal.” 

Lack of aj)petite mean^j absence of digestive 
juioe.s, and normal appetite means flow of diges- 
tive juices, and therefore, whether th<^ digestive 
organs l>e right or wrong in their eravirigs, they 
are at least prepared for work, and that is half 
the battle. If we give food wlu'u thert^ is no 
appetite, we putting food in the digestive? 
tract when it is unprepared to deal with it, 
and this must always be a questionable pro- 
ceeding. To force children, as is often done, 
and adults, as is sometimes done, to take a meal 
for which they have no appetite is to put food 
in the stomach when theix? is no digestive juice 
ready to digest it, and the unreadiness of the 
digestive organs, moreover, is often a sign that 
the tissues do not need fuel or are not in a posi- 
tion to use it. When a man is fatigu^, for 
instance, his nerve and muscular tissues are 
poisoned by waste products, and his nerves 
have not the energy to stimulate digestive 
secretion— hence ho has no appetite. We often 
foolishly imagine that the fatigue is due to lack 
of food, and endeavour to force food upon the 
stomach in order to reinvigorate the fatigued 
organism, but fatigue is practically never due 
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fo lack of food, and to force food upon the 
stomach at such a time is to try to force the 
nervous system and the heart and digestive 
organs to do unnecessary work when they ought 
to bo resting. Far better than food at such a 
time would be msussage, or hot drinks to assist 
the circulation and excretory oi'gans to rid the 
system of the waste products which are jmison' 
ing it. There is no need for food at such a 
time: the food can well w^ait till the poisons 
have been cleared out of the organism and till 
appetite returns. A man should lU'ver take a 
heavy meal after fatiping work, and a}>j)etito 
•n such a case give.s him good advice. 

So, when a man is worried, or excited, or over- 
joyous, or over-afraid, he has no a])j)etite : the 
emotion either depresses or monojjolises his 
nervous system, and th(' digestive organs, lacking 
nervous stimuli, fail to secrete digestive juices. 
Again, in such a case lack of ap[)otite gives 
information of lack of juice*, and the wise man 
W'ill refrain from forcing food upon an unwilling 


an effoctive secietion that ends in undue fat 
production, and in an undue strain on tlu 5 
excrctoiy organs. 

In all cases tlie best sauce is hunger, and. if 
hunger be not naturally forthcoming, the hunger 
])roduo(jd by cocktails and condiments and 
culinary saiices is a very poor substitute. 

Appetite Comes with Eating. It i.s 
often said that appetite comes with eating, and 
there is certainly a good deal of truth in that. 
When W'c eat. ih(^ odour and sight of the food, 
as we have aln'ady suggested, slifuidate secre- 
tion ; while, if we chew well, the masticatory 
action and the sense* of taste* also act as j>hysio- 
logical stimuli. lUit, further, and this is a Very 
important ])oint, certain foods are capable of 
stimulating the secretion of (he special jui(u*s 
which dig(‘st them. This last tael, diseove'ivd 
and investigated lay Faw'low, is of great iiitenrt. 

x\s w(‘ have stated, .s(‘!is(^ of sight and senses 
of smell usually initiate digestion, and eieate 
ajepetite* befoie* (he food is actually in the 



stomach. But in this latter eas(^ and in many 
other cases, there are quite h^gitimate and 
healthy means ly wdiieh the nerves which pre- 
side over digestion may sometimes be recalled 
to their duty. 

The Legitimate Stimulation of Appe^ 
tite. The nerves which preside over digestion arc 
thcmselv<*s open to stimulation by other nerves. 
It is part of the evc'ryday functions of the nerves 
of tiiste and siiujII and sight to set in action the 
centres wdiieh regulate the digestive secretions, 
and, even as disagreeable tastes and smells and 
sights put one “ off one’s food,” so piquant 
tastes and savoury smells and the sight of well- 
cooked food may product*, an appetite that has 
been ir\ abeyance. So long as those stimuli of 
apj)etitc are used with discretion, and are not 
used simply to enable a glutton to over-oat, 
they can do nothing but good, but too often 
they are used on wrong occasions, when a man 
is fatigued or sated, and then, if they do anything 
at all, they do nothing but harm. Either they 
do not cause effective secretion, or they produce 
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mouth ; whih* masticatiou and the sc'use oi 
taste served by mastication sUmulat(‘ still furthei 
the flow of dige^stive juices. Xow, Pawlow found 
that if he pul bread dirc'ctly into tiu* stomach 
of a dog, so that there was uc> previous ])re- 
liiuinary stimulation of digestive s(*er(*(ion by 
mastication, taste, sight, and smell, the bread 
jwovoked no s(‘eretion of juice in the stomach : 
th(* stomach remained dry, and the ])read lay 
there undigested. The sanu* occurred if whitt 
of egg was introduced tlir(‘etly into tin* dog’s 
stomach. No juice was secreted : tlu^ egg 
albumen remained undigested. Neitlar the 
bread nor the* egg albumen can be digested unless 
there be a secre(ie)n of appetile juice to s<‘t dige s 
tion a-going. 0)i the otluT hand, Pawlow found 
that milk and meat inserted dueidly into the 
dog’s stomach in the same way wen* able by 
their own chemical propeTtas to excite secretion of 
gastric juice, and thus effi ct thc'ij own digestion. 

This shows us that, in case's of lae;k of appetite, 
it is much bette'r to give* milk and meat alone 
than eggs and bread alone. In the former 
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case there will be some degree of digestion 
without appetite, while in the latter case diges- 
tion will not take place, unless appetite has 
initiated a flow of gastric juice. The indication, 
evidently, is that in cases of lack of appetite 
the bread and meat should be taken together 
in sandwich form, or soaked in meat-juice or 
milk, or preceded by meat extract or milk. 

Physiological Soundness of Ordinary 
Meals. And now just look at the sagacity 
of the dietetic instincts of civilised man. We 
begin dinner very frequently with meat extract 
in the form of soup. With the soup we eat 
bread. We then proceed to meat, and, finally, 
v(‘ry oftem to farinaceous pudding. All this is 
strictly physiological, and, indeed, one could not 
begin a n^eal in a wiser way than with meat 
extract. It is just as wise as cocktails are 
foolish. Again, we very w'isely take milk in our 
porridge, and put a slice of meat between two 
slice's of bn^ad, and take bacon with our eggs. 

Pawlow experimented with various substances 
to see their value as excitants of gastric seerc'- 
tion, but found that meat extract Avas much the 
best. “ If,” says Pawlow, ” one arranged tlie 
ordinary fluid food in descending ordc'r according 
to the influen(!e of the chemical ('Xeitauts the; 
following would be the serit's : lirst, tin* j»ivj»ara- 
tions of flesh, such as meat juic(* and the* rest ; 
secondly, milk ; thirdly, water.” 

Of late years, undei* the exainjjle of sanatorium 
methods, it has become usual to drink milk at 
luncheon and dinner, and PaAV'Iow’s investigations 
show us that it is a veiy good thing to do. 

Acid fruits and acid drinks are also digestive 
aids, since they excite a flow of pancreatic juiec', 
and perha[)s the sour beverage kivas that the 
Hussiati peasant takes with his bread and th<5 
aeitl wine drunk by the French peasant are 
recognitions of this physiological fact. 

Quite apart from such direct and indirect 
chemical stimulation of the ap])etite as we have 
mentioned, there are many stimuli of a psyeliieal 
character. Taste Ave luiA^e already frequently 
nu'ntioned, and taste aete not merely as a 
stimulus to the nerve-endings in the mouth and 
of the nerves of secretion reflex ly related to 
these ; it also acts through the emotions, and 
probably all pleasurable emotions are eonduetee 
to good appetite. Many of the amenities of 
civilised tables are no tloubt inspired, though 
pt'rhaps only half consciously inspired, by a 
recognition that the digestion is intluenced by 
the emotions. I’he white tablecloth, the spark- 
ling glasses, the gleaming silver, the flowers, the 
ttistily served dishes, even the dining garmente, 
the feast of reason and the flow of soul, all 
conspire to fa\"our appetite. 

Appetite Improved by Fresh Air and 
Attention to Food. One little stimulant 
of appetite, however, is often neglected and 
omitted. That is fresh, pure, moving air. 
Itespiration and digestion are intimately asso- 
ciated, and there are few appetisers better than 
fresh air. The air at once makes any banked- 
up energy current coin, and the digestive func- 
tions share the wealth in circulation. It is well 
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known that singers have good appetites, and 
Ave all know how much our appetites are 
improved by a day in the fresh air, and how 
much they are impaired by hot and stuffy 
rooms. 

In brief, then, we must consider normal appe- 
tite a good test of a man’s digestive capacity, 
and a monitor whose achdee and Avarning are to 
be respected ; but we must also realise that it 
may itself require stimulation and encourage- 
ment, and that there are various methods and 
means, such as moat juice, mastication, fresh air, 
by which it may legitimately and beneficially 
be stimulated and encouraged. We must also 
realise that in the lack of appetite and appetite 
juice, milk and meat are better than eggs and 
bread, and that in some eases, especially cases 
of fatigue, total abstention from food may be 
best of all. 

An Interest in Fating Desirable. 

There is another fact tliat is apt to be for- 
gotten Avith regard to appetite, and that is that 
the spirit in Avhich f<jo(l is tackled has inucli 
influence over the appet ite digc'stion. The senses 
of taste and smc'll and sight all eo-operate in the 
production of appetite and aj)j)etite juices; and 
if one is to makt* ttie most of one's digc'stive 
eaf>acities and dinner one must (jive attenihn to 
Avhat one is eating, and tackle the food with zest, 
noticing and enjoying its tjisU^ and smell. If 
one carry out George Herbert’s eounst'l, and say 
dolefully as wo SAvallow our Jamb eliop, ” Dust 
to dust T commit,” avc shall get about as much 
good from our food as if we swallowed a [leck 
of March dust ; and if w(' read a l.)ook as av(‘ 
eat, and are more interested in the matrimonial 
escapades of the heroine than in tlu^ taste of 
our kidney pie, Ave an* certainly not giving our 
digestive organs fair ])lay. One notie(‘S that 
when cliildn'ii attack their food in an inattc'n- 
ti\'e, lazy way th(‘y daAvdle over it and lose any 
ajjpetite they cA^er had, and cannot finish it, 
Avhile if they go at it with a c(*rtain amount 
of interest and zest they eat it Avith ease. One 
does not find that gourmands and epicures 
usually suffer from lack of appetite aud from 
indigestion. No doubt at all, lack of ap[)etite 
is often nothing more than a bad habit, engen- 
dered in the lirst instance by lack of interest 
in food and by a progri'ssive diminution of diet, 
ending in an under-nutrition of the digestive 
organs themselves. 

Jn the case of some diseases there may be lack 
of appetite juice, and yet considerable nutritive 
competency under the stimulation of suitable 
food, and in su(;h eases suitable food must be 
taken, even if the ap[)etite opposes. In con- 
sumption, for instance, the toxin in the blood, 
or some rc'flex connection between stomach* and 
lungs, often occasions a great distaste for food, 
and in old days patients were allowed to waste 
away because it was considered useless to eat 
without appetite. But, as we hav^c seen, it is 
not alwaya useless to eat Avithout appetite; and 
if the consumptiA^e be given plenty of milk .and 
meat that provoke digestive juice for themselves 
he will usually steadily, increase in weight. 

RONALD MACFIE 
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FARM BUILDINGS 

The English honif'stoad is, in the great majority 
of instances, still of inadetjuato formation. In the 
past the custom was to build in the form of a 
quadrangle or sijuare, the*, house facing the manure 
yard, around three sides of which the barn, stables, 
and cattle buildings were constructed. This metho<l 
did not conduce to health, however it might have 
facilitated the farmer's ])ractice of \^atching both 
his men and his stock. Whatever the result on this 
score, the house should be built cpiite apart from the 
live-stock and the iiianuro yanl, and still further 
from the daily — which sliould not even adjoin the 
house, inasmuch as danger may follow the ])resence 
of siykness — and the water siqiply, which should be 
beyond 8USj)icion, and thcrefon*. far removed from 
soil contaminated by manure or sewage. 

Selection of the Site. It is im])ortant to 
remember that stock buildings should face the south, 
the sun having a purifying inilucnce as markctl as 
ventilation. The buildings should bo in a fairly high 
.situation, in order to (uisiiro th(‘ir dry condition and 
for the ]mrposo of providing natural draiuatre. 
Sometimes, too, where the water supply is at the 
homestead, its convoyaiicc by gravitation to other 
parts of the farm is facilitatcnl. Again, ns the 
carting of mannn^ involves considerable labour, it 
is well that it should travel downhill. As far as 
])ossible, too, the homestead shouKl be equal in 
distance from all parts of tlu^ farm, otherwise tlu' 
furthest fields often obtain the smallest ({nantity of 
manuni and the k'ast attention. It should be near 
go(Hl pasture land, in order that cows, horses, and 
swine may b(' turned out with great fri'ipieney and 
th(*refore with grout advantage. Again, it is 
important that the road or mails to the honu'stead 
should he broad and sound, the crown being higher 
than the sides, and all w('U meialkMl and drained. 

Cattle Buildings. Ihuldings intended for 
cattle should be substantially built of hrii k or stone, 
and their roofs slated or tjled, tiles being preferahk*, 
as they are cooler in summer and more easily 
rejiairt'd. The floors may he made fif fluti*d con- 
crete to give the animals a firm footing, of grooved 
firebrick laid in cement, or, in the east? of the stalls, 
of chalk well levelled and (jovered with beaten earth, 
which is easily repaired, 'fhe house, or byre. 
Intended for cows, which are preft*rahly stalk'd in 
pairs, shouUl he carefully plaiincfl. Kor each pair of 
cows a width of from 7 ft. to 8 ft. should he allowed, 
depending upon thdr size, while the depth from the 
manger, if a manger is supplied, to the edge ol the 
gutter should be from ft. to 7 ft. Some farmers 
prefer stalls of the greater length, in which casi* tlic 
manure falls upon the floor, while others prefer 
short stalls, with the njsuJt that the hind feet stand 
upon the edge of the gutter, and so the manure falls 
within it, keeping the stalls from being soiled. I’he 
gutter should be from fl in. to 8 in. deep on the stall 
side, and from 5 in. to 6 in. deeji on the jiassage side. 
It should be from 12 in. to 15 in. wide, with a fall to 
the end of the buildings, from which the liquid 
passes into the drain and tank outside, which should 
DC constni'cted for its reception and salvage. 


In the older type of cow-houses thi'ic are wocnlen 
mangers with racks above for hay. In a new build- 
ing it is preferable to abandon the rack and to 
construct the inangi'r of semieireiilar glazed fireclay. 
In this way eleanline.s.s is practically assurc<l, while 
wat<‘r can he turned on for the cattle to drink if this 
he found desirable. In sonic parts of England, 
however, no mangers are employi'd. The hay is 
]>laeetl on ilu* paved fl<.»»r in frf>nt of the cows, 
while the mixi'd foods are ]daced in .small, well- 
painted tub.s either direcd from a harrow or a 
tramcar which is wheeled along the ])assago in front 
of the animals, or, as in many casi's. the, tubs are 
carried to the feeding-hou.se and there tilk*d and 
returned. Where cows .'^tand in a single row, the 
pa.s.sa.ge behind .should ho fl ft. in wuitli, for it is heri^ 
that the removal of the manure and the cleaning of 
the gutter.s is eonductoil. The jiassage in front of the 
cows should bo at least 4 ft. in width, to enable tlu* 
feeder to ]iass along with his food harrow, or, where 
the animals stand in two rows, head to head, it 
should be 9 ft., so that two men may simultaneously 
feed, if lU'ce.ssary. 

Feeding Cattle. Where the cattle are f(‘d hir the 
butcher, scjiaratc stalls forsingliMir pairs are unneces- 
sary ; nor is .so much space rt‘(jui.site. Th(‘ animals 
arc arranged so that as far as possible they cannot 
harm or rob each other of food, and therefore the 
.smaller and weaker cattle are nev(‘r jilaced next to 
the larger and .stronger. Fis'ding, Ikiwcv^t, is largely 
conducted in lioxcs, a convenient si/c being 10 ft. ]>y 
10 ft., hut inasmuch as the manure is not rc'moved 
jiraetically day by day, and a.s litter is constantly 
juhled, the lloor rises, .so that a depth of 2 ft. at least 
should he allowed in additir)n. 

Stables, Stables for farm horses must he roomy, 
well ventilated, Avell draiiuul, and well jiaved. The 
lloor.s may be of conende or firebriek, hut never 
jiaved with stones or soft bricks. A stall 0 ft. in 
width should he jirovided for large hor.ses, the floor 
sloping gradually to the .shallow open gutter behind. 
This guttcT, which should also have a fall, should 
convey the lii|uid to a drain outside the building, 
which, in its turn, should carry it to the liquid manuro 
tank. If of concrete, the .stall liner should ho 
grooved as in the case of grooved firebricks, in ord(T 
to give the horses a firm foothold. The .stable .should 
he 10 ft. to 18 ft. wide, pnividing jilcnty of jiassagcs 
room for largo horst's and spaces for hanie.ss to liang 
on wall-jicgs, as well as for the corn-hins and other 
ncce.ssury LH|uipment. The mang(T, which is ladtcr 
made of iron than of wo(h1, should he 9 in. de(‘p by 
18 in. wide. If wood i.s enijiloyed, it should lu- the 
harde.st of oak. To admit jilenty of light there 
should he windows, at least .‘U ft. .square, made to 
ofK'n with case, hut in any case ventilators of (lie 
louvre pattern .should he provided, and .so arranir<‘d 
that the air is both admittoil and retiirrK'd. 

Piggeries, llefore constructing a pigeery, it i.s 
well to examine some (if the hc.'it of tlm.st* known to 
exist, as many quite simple y('t firactical ideas will 
he obtained. Wheni a mimhci* of ])igs are kc}>t, 
however, a hrick-and-tile building may he ])rovi(h‘d, 
with a passage fniin (‘ml to end and .sties on cither 
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skle, the size varying with the size of the breed. 
An inner door from the passage should be provided 
for each sty, together with a trough of fireclay or 
metal — this adjoining the passage, so that it can 
be lilled by thfi attendant under cover, the food 
being brought from the food -house at one end of 
the building. An opening with sliding door under 
control from the passage should be provided l>etween 
the sty and the courtyard outside. Both floors 
may be of concrete or grooved firebrick, with a 
slight slope towards a c<*ntral gutter, which in <*ach 
easci should lejui to thc^ Ikpiid manure tank which 
we have alreaify mentioned. 

It is important in constructing a piggery to 
prevent the possibility of it being undermined by 
rats. The fo(Kl-house should bo supplied with a 
eopj)er, or some equally eonvenient ap])aratus for 
cooking food, and with a tank for wash or food which 
it is intend(‘d to soak, whert' the y»raetice of allowing 
meal to ferm(mt is adopte^l. Metal bins are also 
essential for the preservation of the food. 

The Modern Barn. Whether a harn is ('ssential 
to a farm is a matter which is for the owner to decide. 
Under the conditions of today, we think no such 
striK'tnre is iieei'ssary exc(‘}>t for the storage of chaff, 
which is much improved by packing in large 
quantities, or the occasional storage of unthreshed 
(^orn or of straw. A barn, how(*V(*r, is an expensivci 
building, and may usually he abandoned in favour 
of an open straw' barn, whore both hay and corn can he 
stacked at will and protected against rain during 
liaytirne and harvest. »Such a building may be 
constructed of iron — and there are many patterns on 
the market with arched corrugated roofs — or timber, 
the roofs in the laltt'r ease being of the ridge path'rn 
and the hoards lixed with half-inch interstioi's, 
through whicli the rain does not pass if groov(‘s are 
made near th(^ edges of each. The sjiaoes admit 
of vtifitilation without admitting rain, and if the 
whole structure is w<‘ll tarred or ])ainted it will last 
many yc'ars, and prove of great value to the farmer. 

Storing of Machines. Implement sheds 
arc always necessary. 'J’hey should be roomy, sub- 
stantial, and conveniently placed for the. storing of 
drills, rollers, harrows, ploughs, cultivators, horse- 
hoes, hay-rakes ; also mow'ing-ma(;hincs and self- 
binders in particular. Jt is important that an 
implement shed should be large enough to permit 
of such work as cleaning and re|)airing machinery 
being carrietl out beneath it, as, for examjile, in 
wet weather, when many other itc'ms of labour can 
bo performed under sheltc'r. The roof may be slated 
or tiled, or even (’(rr.igatcd and painted, A 
corrugated iron roof of good quality weighs about 
5 cwt. to the 100 .s(i. ft., while .slates weigh from 
7 ewt. to 9 ewt., and tiles from 8 cwt. to 1/) cwt., 
depending upon the vtarieties selechxl. A wcKxlen 
roof in which the timber is } in, in thickness weighs 
about 21 ewt. per 100 s(|. ft. A shed, or ])()rtion of a 
shod, should Ix' reserved for carts, waggons, and the 
elevator, where this implement is used. 

Granaries* A good granary is all-important, 
and should be coii.striicte(i of brick on a good 
foundation, with a smooth concrete floor, if this can 
bo made perfectly dry, otherwise wood may be 
essential, with ventilation beneath. In this case, 
it is important to cover all the angkjs with metal, 
to prevent the entrance of rats and mice, as large 
quantities of grain arc from time to time left on the 
granary floor, on which it is dressed or winnowed 
before delivery. As stock foods, such as cakes and 
meals, are stored in the same building, the import- 
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ance of dryness and ventilation will be recognised. 
There should be glazed windows, covered with 
fine, strong, perforated metal, facing the south, 
for the entrance of light and air when necessary. 
A granary is often one of the great sources of loss on 
a farm, where, owing to damp and vermin, corn is 
often damaged or destroyed altogether. 

Manures. The .salvage of manure, both solid 
and liquid, btung of su(;h importance in the mainten- 
ance of the vitality of the land, a tank of a size in 
accordance with the extent of the farm and the 
number of stock ki‘pt should be eonstruet(?d in a 
spot mo.st convenient for the re(;cption of the drain- 
age of the stables, piggeries, and cattle buildings. 
A tall pump and irem grating should be fitted above 
this tank, and in the* centre pf a floor of concrete or 
groov(‘(l firebrick, sloj)ing from the outsides, 
'rhroiigh the iron grating the liquid will drain into 
the tank. The solid manure should be j)aeked above 
it and around the base* of the pump. 'I'lie manun* 
stack should be built in such a position that the solid 
excrement from the building can be easily plac(*d 
upon it from day to day, assuming that it is not 
directly carrkxl to the land, which, all things con- 
sidered, is perhaps the most eonvc'iiicnt system. 
Most farmers, however, ])n‘fer to heap manure in tin* 
yard at soukj s(‘ason or oth(‘r. h(*ne<* a roof should bo 
oreeded above* the stack t«) prevent saturation by 
rain. If pae ke'd tielily, the? k>ss will be reeluceel te) a 
minimum. Liepiid manure, however, should never 
be allovveel to remain marry days in the* tank, unle*ss 
it is elilutcel with water*, in emle'r to preve'nt the 
escape* e:>f ammonia. A liquitl-manure* cart is, herwever, 
!H*c(‘ssarv, serthat it can he earrie'd away us often as 
}M)ssihle, ami ee'rtainly as erften as nece*ssary. By 
tire* aeloptiein e>f this ]rlan there w'ill be iier scattering 
of manure* e/ver the* whole yarel, ami ner he'aps will be 
fo ind in fr'orit of the doens of the (.'attle buildings, 
such as eomnie>nly eli.xgracc the farrnvaie! in alnierst 
every cenmlry. 

The Engine. If a peutahle* emgine he^ emjrleryed 
upon the farm, a she*el will be ru'cessary for its 
rroteetiern : but if the* engine he* tixeeU the eiigine- 
ie)use she^ulel be* eonvenie*ntlv j>lae.eMl in oreler that 
eeials may be ke?pt close* at Ira ml, and that the 
var*iems ojreratierns of jrulping root.s, emtting hay anel 
straw into chaff, e rushsng cake?, grinding corn into 
m(*a], anel driving the e*re'arn .sejraiator -if such a 
machine* be used — may be econemiically e arri<*d out. 
This will inverlvc conside*rable therught in the 
aiTangement erf the* shafting and the ])laeing erf the? 
belts. It is e*vidont, toer, that the* ferods to» be 
handled must bt* stored ferr the purpersc as con- 
veniently eJerse* to the «‘ngine-huuse* as perssible, 
while the apart m(*nt in which the milk is separatexl 
shoiikl not be very far difdant. It will be for the 
farmer to dee ide* w'lic'thm* he c*mplerys a st(*am-(*ngine, 
oil-engine, err ]retrol-e‘ngine, or w'he*ther on extensive 
holdings it will be we^rth while ter lay derwn a plant 
which, in adelitierrr to the ]jrovision erf power fe^r the 
werrk already nameil, w'ill also jrrovide electric light. 

Hefei*em.*e to the dairy made in full in the 
section on Dairy FARMiNfi, It will nejw' be sufficient 
to state that, with the exception of pj^gerios and 
feeding- boxes, buildings in which stock are kept 
should be at least 10 ft. in height, that there should 
lie 80^1 eu. ft. allowed for each cow, 000 for store 
and fatt(*ning l)ea.sts, and 1200 for hirrses, if venti- 
lation is to be perfect and the health of the stock 
maintained ; further, that special care should be 
observed in selecting dry spots for each building, 
and in securing as much light as possible coming 
direct from the sun. 



FARM SERVANTS 

Duties of the Boy. It is true that tho 
great majority of our farm labourers arc the sons 
of farm labourers, and that they follow their 
occupation owing to the fact that ihv\r earnings 
are needed by their parents while they are yet 
children ; and, further, that employment upon 
the farm in which their father is engaged, or by 
an adjacent employer to wlitim ho is known, is 
easily obtained, lioys are able to assist the farmer 
in so many ways, especially during haytime and 
harvest, when, owing to the holidays, they are 
permitted to work, that an engagement may 
not only Ik' obtained, but be retaint'd for life 
if tho servant is willing to satisfy the master. 
The training of a lad to Ix'ooine a farm labourer 
is a matter of expta ience ; he gets most of his 
orders from tht? men, and tumbles into liis work 
generally rather through a process of imitation 
than of education. 

The boy is generally onifjloyed as an a.ssistant 
to tho.se who are respectively termed waggoners, 
carters, ploughmen, and horsekeepers tu* horse- 
men, in aet!onlanee with the custom of the country. 
The duties of these men are tho charge of lutrses, 
and the performance of such forms of labour 
a.s require the assistance of the horse. Tlu'sc! 
inchide ploughing and harrowing, cultivating, 
rolling, drilling, manure carting, mowing and 
reaping, and in almost all th(‘so cases th(‘ boy 
takes his part, assisting in cleaning out the stable, 
in cutting the chaff, in feeding, in carrying hay 
and straw, leading the hoi*sos wh(*n j)longhing, 
where this is essential, riding the fore horse wliich 
assists in drawing tho binder, leading the horses 
of the manure cart, driving the lumscs when 
harrowing, or raking the hay and the corn. 

Promotion All th(‘se and many more 
duties fall to the farmers boy', who, with time*, 
becomes more or less aecomplisb('d, and is tlu'n 
prornoterl to tin* rank of assistant or under eart(*r, 
or second ] dough man. It is true he receives all 
his orders and many hints from the oldcT men, 
and he quickly h'arns not only bow to harness 
and groom, but how to fet'd a hor.se jwopcrlv. 
It falls to the lot of the farnu'r's boy, too, to clean 
the hnrnes.s wlu'n he has learned the way. When 
he is old enough to take an interest in imiintaining 
go(xl condition in the horses under his ehaige, 
he ijuiekly learns to value the quantity (»f corn 
and hay they rt'tx'ive, and to take care not only 
that they' obtain the fiilli'st rations which they 
are allowed, hut to embrace every opportunity 
of obtaining extra hjod, and cs])ccially an occasional 
mash, a pint of linseed, or a few beans, that he 
may still further improve their condition. 

The farmer’s ]joy ks not, however, conlined 
to tho Ktal)lo and the work jierformed by the 
horses ; he is in great demand among cattle, sheep, 
and cows. Here ho learns to milk, to as.sist in 
cleaning out the mangers, tho stall.M, and the 
gutters, and in gnjoming th<? cattle, a practice 
which, however, is by no means common. He 
fetches the cows in from the fiekls at milking time, 
morning and night, and takes them hack; and, if 
ho is a careful lad, he is entrusted to take tho milk 
twice daily to the railway station. 

Pay According to Service. Although the 
farm boy is generally quick in acquiring a practical 
knowledge of the work he has to perform, ho is 
not always to bd implicitly trusted, and, indecHl, 
ho is seldom paid in proportion to his actual value. 
Tho difference in the rate of wages paid to a careless 
lad and one who really does good service to his 
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employer is vi'ry slight. The less capable arc 
retained on the farm owing to the dearth of boys, 
while the ca])ahle re<?eive only just sufficient to 
ensure their rt'Umtion. If the best workiiK’ii — the 
remark applies to tho man ns well as the boy' — 
kiiow their valin*, they would frecnu'utly demand 
high(‘r wages and a.ssiiredly obtain them.* 

As th(^ usefiil boy grows into a mati lie rapidly 
displays his eapaeity. Ue (pinliiies hirnsrlf for a 
tirst hand by k'arning to thatch, first assi.sting 
an experienced hand during the hay and harvest 
.seasons ; he lu'lps in all draining operations, 
volunte(*rs to trim and lay a hedge*, w'hicli reepiires 
eonside'iahle skill, ami competes in a ploughing- 
inateh, jx'rhaps gaining a ])ri/e. His hors<*s are 
turned out Ix'tter than those* of his lU'ighboiirs, 
the harness is cleaner, anel the fe*e(ling nmre care- 
fidly ee)nduet(*d. If he lx* in charge* eif cattle, tho 
e*e)\vs are well grexmu'el and w(*ll milke*el, (lie ratio»is 
Rie earefiilly ])repared and supplied, and, in eemse- 
que/ie'e, the stex'k thrive. Jf fattening stock bo 
under bis liand, be elex*s his best to induce the'm 
to lay oil flesh with rapidity. 

Openings for Shepherds. Again, the boy 
is occasionally handed tei the she'plu'i'el as an 
assistant. lie learns to reeognis(* the l(*ading 
ew'cs of tho fliK^k, and he becomes acquainted 
with their ago.M, and fhi* im]X)rtnnee of identifying 
tlu'ir age by their teeth. He is on the look-out 
for sh(*(*p with had feet, whieJi he (juiekly under- 
stands must ho dresst'd inimf‘diat(*ly tlu’v an* 
deti'cti'd, and, during the hot wi’nther, for sheep 
which have been struck fiy fh(* fly, and oth(*rs in 
which the maggot has alr(*ady appeared, that 
they may he ck*nn(*d and dressed. He thus Ix'eomes 
aeijuairited with the duties of the sli(*plierding of 
sheep, and in due course he obtains a place upon 
another faiio as assistant shepherd, and finally 
as a full-blown shepherd. 

From Stable to Stud. It may now ho 
pointeil out that highly eapahlo sfoekmon are 
always in demand, and they shoulil he far in 
a*lvance «»f the averagt^ farm stcx*k hand in their 
knowledge of livi*-sl(X‘k, their feedihg and manage- 
ment, There are in this eoiintry large* numbers of 
linx'ding .studs of jShin's ami IJlydesdah's, of Suffollcs 
and Ilaekiu'ys, of Coach horsi*s and Tolos, lx*longiiig 
to men who arc (*ft(‘n w«'althy, and who arc w’illing 
to ])ay high wages to first-rate liands. The well- 
trained farm hand is precisely the individual who 
is most needed, heeaust* it has Ix'en his lot to 
manag(> horses, and to work long hours at small pay. 

Again, th(*re an* large numbers (tf men who 
brci'd eafth? for .show purposes, and who nspiire 
servants who have been well trained on the farm, 
and who can he trusted to manage their herds. 
The wages paid to the stock m(*n in charge of a 
hrei'ding or show herd are much .superior lo (hosf* 
paid on the farm, and, if the remark may he ma(l(‘, 
there is much more enjoyment in th(* work, which 
is varied, which (*nahles a mati to see something 
of the country in which he lives, arxl which fre- 
quently enables him to add a hit of ground to his 
eottag(‘, and to <*nioy the privileges which follow 
upon its cultivation. 

Breeding Sheep and Pigs. Altliou, gh the 
oppo:tuniti(*s afforded by sheep and pigs arc 
not so numerous nor so profitable, n(*verth(;le.s.s 
there are many instances in which gentlemen 
who do not make farming a business breed both 
varieties of stock as a hobby. Pure breeds of 
sheep are kept either for rain-lireeding purposes 
or for exhibition. In the same way one or more 
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puni breeds of swine are kept for similar purposes, 
and placed in charge of men who have acquired 
ci^nHiderablc knowledge by their experience, so 
that they are enabled to maintain the stock under 
their charge in high condition, and to win prizes 
at the shows to which they are sent. There is 
in all these cases one qualification essential on the 
part of the man. lie must b<i a judge f)f the 
(piality of the breed of stoc^k placed within his charge. 

We may take it that, sf)eaking generally, the 
young labourer marries, rents a cottage, or obtains 
one from his employer, and s(;ttles down to his 
new life certainly not without hope of advancement. 
In some cases such a man raises his position by 
faithful and intelligent service, sometimes being 
promoted to the position of foreman or bailiff, 
and O(!casionally, by the aid of great thrift and 
industry, emancipating himself from service, and 
making a livelihood on a few acres of land in or 
near his native village. 

Average Earnings. The syst<‘m of engage- 
ment of farm labourers differs with the locality. 
Jn Scotland and jiarts of Wales, and in the North 
of England and the North of Ireland, engagenu^nts 
are commonly made by the half-year, .single men 
being boarded and lodgetl, while married men are 
provid(‘d with eottagi's. In other ])arts of the 
country })oth married and single men an*, as a rule, 
hired and paid by the week, and left to provich' 
for thems<‘lves, although in a large numlier of 
instances the married men are sujiplied with 
(iottages which are let with th<' farm. The system 
of boarding and lodging labourers is luring gradually 
abandoned, like the hiiing of workpeople, at 
fairs, although these institutions continue to be 
kept up in the North. In tin; year 1907 the average 
rate of wages paid to farm workmen, excluding 
foremen and casual men, was 1 7s. (kl. in Englaiul, 
18s. in Wales, 19s. 7d. in iSeotland, and 11s. 3d. 
in Ireland, or an average of over Is. per week 
more than in 1898. Leading nu'ii obtained slightly 
higher wages. 'the sums paid were high(‘st in 
Durham in hhigland, and fJlamorgan in Wales, 
while the lowest wcu’e in Oxford, Dorset, and 
Norfolk, ranging from It’s. Id. upwards. 

Wage Supplements. in most English 
e<junties the waicklv wage is .supplemented by piece- 
work, such as hedging arwl <litching, <lraining and 
thatching, sheep shearing ami manure spreading, lift- 
ing potatoes, mowing, hoeing, and root singling ; 
the total sums earned under these heads range 
from £5 to £7 per annum. Shepherds, too, usually 
obtain extra payment for th(‘ lambs born or reared, 
and occasionally stockmen are paid for calves. 
Another addition to the annual income of the 
labourer is the harvest ]my. In 1904, taking 97 
farms from which returns wen* obtained as a 
basis, the harvest eovi‘red 24 working <lays, against 
33 days in 19(>2 and 24 days in 1901. The highest 
earnings were £7 58. 7d. per man in tlie Eastern 
Counties, including Huntingdonshire. Cambridge, 
and Lincoln. In the Midland (’ounties the.se j)ay- 
ments averaged £5 13s. Od., w'hile in the South and 
South-West the payments on 392 farms average<l 
£4 17s. 2d. In East Anglia the men usually receive 
a fixed sum to cover the harvest. In other |)artH 
of the country a round sum is jiaid in luldition 
to the weekly wage.s, or these w'ages are increased 
and beer supplied in stipulated (juantities. In 
some cases, however, the iTi(*n ait^ paid a fixed 
sum per day, or a fixed sum plus overtime. Jt is, 
however, not an uncommon practice to let portions 
of the work; and these remarks apply, to a largo 
extent, io haytime and piecework. 
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Allowances. Farm labourers in many 
cases re<joive allowances in addition to their wages. 
Apart from the cottage, or cottage and garden, 
with which so many are supplied, they arc allowed 
potatoes, or potato jilots, or a given area is planted 
with potatoes for each man on the farm itself. 
Again, beer is allowed during harvest, haytime, 
and threshing, sheep washing and sheep shearing. 
Hcer, however, is replaced by cider in some districts, 
and by milk, tea, coffee, or cocoa in particular 
instanc('s. A cow is sometimes allowed grazing, 
straw is supplied for pigs, or a given quantity of 
pork or bacon is provided. 

In 1907 wages varied in Wales from 16s. 6d. 
in Cardigan and 16s. 7d. in Montgomeryshire 
to l‘)s. 3d. in Clamorganshire. As in some parts 
of Englanrl, wages vary in accordance with the 
proximity of mim*s and (pjarries, the highest 
sums paid for this class of work largely influencing 
the wages paid to labourers. It is seldom that 
wages in (‘ash n^ach £1 a week : indeed, wdt h 
allowances added, this figure is not often exciicded. 
Allowances in kind, ho\vever, are not numerous 
on the Welsh farm. 

In Hcotlaiul, where the avc*ragc total earnings 
vary from 14 h. (kl. in Caithness to 21s. 7d. in 
Dumbaiton, allowances in kind are much mme 
numerous. Jn addition to ef)ttages and gardens, 
tlm men receive ])()tato(‘s or the use of potato- 
land. fuel, oatmeal, milk, and manure. 

Wages in Ireland. In Ireland waps 
are the lowest in the w('stern (;oiinties, reaching 
from Mayo to Cork. Alth«)Ugh hired lahoun'rs 
ill this ])art of the country are very few in number, 
owing to the fact that the inhabitants occupy 
the laml, which th(*y till for thi‘mselves with th(^ 
assistance of their stms, large numbers of men 
leave the western count i(*s for England and Scotland, 
not only during the* harvest season, but for months 
together, tlu'ir absenee fr(*(piently extending 
from haytime to the lifting of the potato and root 
crops. 'Fhey live on very small sums, sending the 
bulk of their earnings home* to thi*ir families. 
Vi(‘eework is but little practised in Jn*land, where 
the allowances in kind are extr(*mely few. I’ho 
total weekly earnings J)f Irish labourers in thf*ir 
own country vary fropr 9s. 8d. in Hoseommoii to J4s. 
in Antrim. Many of the men, however, have the 
advantage of cheap dwellings with plots of land 
attached, the avi'rage area bc*ing about half an 
acre, although, under the Lab()ur(*rs Acts, it may 
reach an acre in extent. 'Phrough the medium 
of these Acts nearly 20,009 substantial cottages 
have been erect ixl, and are let at an average? rent, 
land incliuled, of about lOJd per week. 

Hours of WorR. The farm labourer’s 
working day is shorter than was formerly tho 
ca.st?, the hours depending in a large measure 
u|)on supply and demand. In districts where 
the demand exee^eds the supjily the men have 
curtailed the hours. Thus 6 a.m. to 6 p.m., with 
time for breakfast, lunch, and dinner, has been 
rcHluced to 7 a.m. until 5.30 p.m., with time for 
lunch and dinner only. Horsem?^, stockmen, 
and milkers are usually required to begin 
at 6 a.m., in some eases still earlier, ploughmen 
turning out with their teams at 7 a.m. and returning 
at 2 p.m., in some cases having only stopiied 
•work for lunch, and at 4 p.m. in other cases, when 
they return for dinner and go back to the field. 
Scotch farmers in England, however, frequently 
keep their men in the field until 5 p.m. 

^ JAMES LONG 
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T he conception of chemistry as divided inlo 
inorganic and organic is almost as old as 
the science itself. It w^as conceived that there 
is an absolute distinction between chemical 
bodies characteristic of living matter and those 
found elsewhere. It could scarcely bo maintainc'd 
that the livdng body contained no substances 
found elsewhere, but those found elsewhere were 
regarded <as, if not accidental, at any rate of scant 
importance. Tlu^ro remained many substances 
characteristic of the living body which, it was 
asserted, could be produced only by living 
agency. The whole question is so inqmrtant, 
having a signiticance which far outsoars the 
bounds of chemistry, tliat' we propose to deal 
wdth it here very carefully. The question is this : 
What arc the grounds on which wc declare that 
the division of chemistry into inorganic and 
organic is false and must be abandoned ? 

The Elements of Life. It is, of course, 
indisputable that the living bodies of animals 
and of plants contain ehcunieal compounds, 
utterly beyond number, wliich arc not met 
elsewhere. These compounds on analysis prove 
to bo composted of elements already familiar 
to the chemist, while the number of organic 
compounds can bo estimated only in billions of 
billions, th(‘So not being found naturally, except 
in the living body. The study of tiu'se com- 
pounds, in wlutever number they studied, 
reveals no clement peculiar to life. So far as the 
(‘lomi'nts are eouc(*rned, there is no foundation 
for the term onjanic chemistry. Klemenfs con- 
stantly found in living organs there may be and 
are, but no element whatever not found elsewhere. 

Tills is surely w'hat we must expect. We may 
supply a ])lant with absolutely nothing but known 
compounds or elementary substane<'s, such as 
oxygen, carbonic acid, nitrates, and the like ; and 
we find that in these conditions, if ])rovided w'ith 
sunlight, it flourishes. The ordinary “ inorganic 
elements ” sufliee — whether as elements or 
comhined — for its nutriment. If it be killed and 
its body analysed, it reveals no other element. 

Vital Direction. This, of course, is a 
fundamental fact, and is a conclusion as signiii- 
cant as that of astronomical chemistry when it 
tells us that the elements of the stars are tin? 
same as those of the earth. But there remains the 
supposition that there is a special and unique 
power within the living body, whether of the 
animal or of the plant, which fashions its food so 
as to form compounds which can be produced 
by living organisms alone, and which may there- 
fore bo called unique. The process is entirely 
one of building up, or anaholiim or fiynthesik 
Elements or simple compounds arc supplied 
to the plant, and it combine.s them in such a 


fashion as to produce starch, sugar, all>umen, or 
what not —which the cluunist could not imitate* 
There is tlu'refore, il would apjH‘ar, a vital soiiu*- 
thing, a thing incomparable wilb nu'rely physical 
forces, and eapabh^ of doing whal these cannot do. 

In virtue of this soiiK'thing, tlie li\ ing organism, 
though it cannot make m‘vv elements, and 
though it contains no c*lements pcaaili ir to its(‘If, 
can yet make new compounds, and is able to 
display compounds jH'culiar to itself. 

Vitalism. Thus the old distinction of 
chemistry into organic and iuorganii^ depeialed 
upon the doctrine of vitalism, in whal we may 
call its })re-seit‘ntitie form, w'lneh asserted 
that living things are possessed of a unique 
foree, iiuh'pendeiit of the law of the constu'va- 
tion and transhuniation of eiUTgy, and capable 
of aeeomplishing what evvn the sum of all the 
physical (‘iiergics in tlie Universe could not 
accomplish. In this coniu'ction one cannot do 
better than quote from the first voluiiu* of 
Professor IVIeldola's gr(‘at work, The (^luuniiuil 
Synthesis of Vital Products.” The professor 
says : “If asked, as I frequently have been 
during tlic progress of the work, what position 
synthetical chemistry occupies with respect 
to the doctrine's of vitalism and neoviialism, I 
thinkit advisablf'to])lacc upon record the opinion 
that the pres'*tit achievemf'nts in the domain of 
chemical syiillH sis furnish no warrant for the 
belief that tie' clieinical processes of the living 
organisms arc in any sense transcendental, or that 
they must be ri'gardc'd as belonging to a class of 
special material transformations which human 
Sfiionco will never be able to rcjproduco. Such 
an admission as the latter would be tantamount 
to a proclamation of neovitalism ; but the 
whole history of organic synthesis, from the time 
when it w*as declared that organic compounds 
could he obtained only by living agc'ney, is 
oppo.sed to any such conclusion. Jhit although 
the doctriiK' of a spoeiol vital foree has reca'ived 
its death-blow at the hands of modt'in science, 
and although tlu're is no warrant for the beli(‘f 
that the physics or chemistry of animals and 
]ilants is ultra-seii'.ntilie, yet it must not be lost 
sight of that the synthetical possibilities of the 
living organism have brought us face to faeci 
with modes of elu'mieal action of which wc arc 
as yet profoundly ignorant.” 

The ])oint raised in the latter part of this 
quotation must, of course, be n'turned to. 
Meanwhile, we may cont(*nt ours(‘lv(*s with this 
authoritative pronounc('ment as r(*gai'<ls llu5 
older vitalism in its relations to organic chemistry. 
We must carefully remember that neither 
Driesch nor Bergson had done, when those words 
were written, the work ui)oii which modern 
vitalism, a very (li/feivnt thing, is based. 


THIS GROUP EMBRACES THEORETICAL AND APPLIED CHEMISTRY 
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Pioneers. The year 1828 is usually 
regarded as furnishing the most important date 
in the history of this subject. It was in that 
year that Wohler announced his discovery 
that it is possible to construct the organic 
compound urea by synthesis from a salt called 
ammonium cyanate. As ProfessorMeldola pointed 
out more than ten years ago, equal honour must 
i)e accorded to an Englishman, Henry Henncll, 
who “ succeeded in synthetising alcohol from 
oletiant gas at practically the same time as his 
great German contemporary had excited the 
interest of the whole chemical world by his 
synthesis of urea.” In neither case was the 
arguiiKmt perfect. Henncll obtained his olefiant 
gas from organic mat ter- oil, while tlu' German 
attained his ammonium cyanate “ by fusing 
nitrogenous organic matter with an alkaline 
carbonate.” Only a few years later, however, 
the arguments were mad(i perfect by the per- 
formance of the intermediate steps, and it was 
absolutely established that certain substances, 
hitherto thought to be producible only by the 
living body, could be built uj» or synthetised 
by chemists from their very clei»u‘nts. Nor w^as 
it necessary to obtain these el<‘ments from d(‘ad 
f)odies ; the nitrogen of the air was as effective 
for these purposes as nitrogen obtained by pro- 
cesses of decomposition. 

The i)ion(*ers were bold nu‘n, so that, in 1838, 
t h(‘ great Liebig and Wohler dared to say : “ From 
these rt‘searchcs the [)hiloso])hy of chemistry 
must draw the conclusion that the synthesis of 
all organic compounds which are not organised 
must be looked upon not merely as probable but 
as c(‘rtain of ultimate achievement.” 

The Father of Synthetic Chemistry. 
There still liv(;d, when these words w’ore first 
written, the illustrious genius Professor Marcellin 
Berthelot, who may almost be regarded as the 
founder of syntlu*tic chemistry. Of modern 
.synthetic chemistry as a j)raetical matter he 
was certainly the founder. When he began his 
work, the great names in chemistry j)rof)ag{ited 
sayings siu^h as these*. The great Swede Berzelius 
said : ” Even if we should succeed in i>roducing. 
W'ith inorganic bodies, substances of composition 
similar to those of organic products, this mere 
imitation would give us no hope that we could 
e^ver produce the actual things th(*mselves, as 
we succeed, in most cases, in confirming the 
analysis of the mineral bodies by elfecting their 
synthesis in turn.” And Gerhardt put the 
popular doctrine more etfectively when he said : 
“ The chemist does precisely the opposite of 
living nature: he burns, destroys, operates by 
analysis, while the vital force alone may synthe- 
tise. It rebuilds the edifice which chemical forces 
have broken down.” 

But Berthelot soon followed up the pioneer 
W'ork of Wohler and H(‘nnell. Ho made alcohol 
and formic acid. He began to make fats and 
sugars ; he showed that acetylene, now familiar 
as a gas for the lamps of motor-cars and so on, 
can be produced by direct combination of carbon 
and hydrogen when the electric arc pas.ses 
between carbon poles in an atmosphere of 
Jiydrogen. This gas can be synthetised in 
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half a dozen other ways, its formula being CoH.> 
and its original synthesis by Berthelot" led 
to the making of innumerable compounds, 
including ordinary alcohol, benzene, and their 
numberless derivatives. Berthelot’s greatest 
work appeared in 1860, and his name remains 
as that of the greatest of synthetic chemists. 

The most distinguished of his successors is 
Professor Emil Fischer, of Berlin, who has 
mastered the making of the sugars, and even, 
as is far more significant, the m^ing of certain 
bodies which are at any rate all but proteins. 

We may close our account of the history of 
the subject by reference to the five volumes of 
Prjfessor Meldola’s work from which we have 
already quoted. The number of vital products 
that have been made by artificial means ran 
into fens of thousands long ago, and the pro- 
ph(?cy of Liebig and Wohler is well on th(^ way 
towards fulfilment. 

New Compounds. Not only can an 
enormous number of vital products be made 
artificially, but the* synthetic chemist has now 
learnt how to call into being a constantly 
inerc‘asing host of bodies wdiieh arc closely 
allied to vital products, but which arc entirely 
unknown in living or in lifeless natiirt*. (if 
these, thousands and tliousands an? of interest 
at present to the chemist alone, but, on the 
other hand, many fullil practical functions of 
the gr(‘atest valm* to mankind. Many most 
valuable drugs, inducing sleep, relieving fev(‘r, 
relieving pain, destructive to micro-organisms, 
and so on, have been thus produced -Salvarsan, 
ereat<*d since the.se words first appeared, trans- 
cending all its j)rede(!essors- while of Jess 
importance are the many new dyes synthetic- 
ally deriv(‘d from coal-tar. Fuithermore, th(? 
chemist is able to say that the vital })r()du(?ts 
which he manufactun^s are strictly identical 
with those manufactured by the living body, 
and that such products, whether natural or 
artificial, are not only composed of the .same 
eh'Tnents as those found elsewhere, but tliat. 
what w(‘ have previously described as the laws 
of chemistry are strictly observed. As we have 
said before, there are not two chemistries, 
but one chemistry ; and any laws applicable to 
elein<*nts in the atmosphere are equally applie- 
abh* to tho.se elements when they occur in the 
body of an animal or plant Jiving in that atmo- 
sphere. Similarly, all the laws of compounds 
and of chemical union and disunion, the laws 
of valency, and so on, are as true in the one 
ea.se as in the other. 

Let us, then, abandon the term organic chemis- 
try, find a new one, and proceed to discuss the 
substances that come under it. Such would seem 
to be the natural proceeding, Ajnd in the 
ordinary textbook of chemistry it is followed, 
but here wo have a special aim. We desire 
not to isolate one science from another, but 
to co-ordinate them all. And for this reason 
we must consider a fact which is apt to be 
forgotten, though it is strictly a fact of chemistry, 
and though the unravelling of it would mean 
the making of a new epoch not only in chemistry, 
but also in the science of life. 
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Our argument here is practically confined to 
plants, and for this excellent reason — that tho 
animal body does not enter into comi»etition 
with the chemist as regards synthesis. With 
comparatively few, though significant, exceptions, 
the animal body can effect synthesis only 
indirectly — ^when it comes to be inhabited by tho 
mind of man, and when that man becomes a 
synthetic chemist. The synthesis, which was and 
is the puzzle, and which plays such an t'ssential 
part in th(» economy of living nature, is effected 
by tho plants alone. It is increasingly being 
shown that the animal Imdy possesses a very 
small power of synthesis in certain cases, but, 
though this must be noted, it is of small practical 
importance. It is the plant that is the consum- 
mate cheriiist. Alcohol and starch and sugar, the 
albumcais, the volatile oils, and a host more, 
are its products, and the (picstion is this : 
Having produced a larger number of these 
substances without the intervention of tho 
plant, and being do\ibtless able to [irodiicc^ any 
number more ; being, further, able to produci? 
a large number of substflinci's whicli th(* plant 
cannot, or at any rate does not, produce, are 
we not entitled to dismiss the plant from our 
reckoning altogether ? 

Man’s and Nature’s Methods. But 

this would be the most unpardonable error. 
Whereas tho chemist recpiiiV'S all sorts of 
powerful reagents, the prod U(*t ion of high 
tcmperatnri*. long j)eriods of tim(‘> in some 
cas(\s, and so on, t he ])lant is totally indepcaident 
of such conditions. What tho chemist produces 
by the electric arc and th(^ sweat of his brow, 
or brain, tlu) plant j)roduccs in silence, without 
effort, at low temperatures, and at no obvious 
cost. W e hav(^ scarcely begun to attack t h(^ t rue 
organic chemistry, and wv- can commit no 
greater folly than to seippose* that our synthetic 
methods an^ identical with Nature’s, or that, 
because ours are known, hers arc uniiuportant. 
Lot us hear Professor Mcldola, in words which 
he cannot but recall with satisfaction in the light 
of the subsequent work of the modern vitalisis : 

“ Those who consider that the* triumphs of 
chemical synthesis have finally disposed of 
vittalism in any form will do well to bear in 
mind that until the chemist has shown that his 
synthetical methods ani identical with Nature’s 
methods there is just as much sco])e. for 
endeavouring to ])enetrate tho chemical vital 
mysteries as there was in the days when it 
was believed that every organic compound 
required an animal or a plant for its jiroduction. 
If this be lost sight of amidst thci overwliclming 
mass of material accumulated by the great 
army of workers in the fuild of carbon chemistry, 
if wo have produced thousands of comiJounds 
which do not and probably never will found 
to exist in living organisms, if we have gone 
so far beyond Nature as to make it appear 
unimportant whether an organic compound 
is i)roduciblc by vital chemistry or not, we arc 
running tho risk of blockading whole regions of 
undiscovered modes of chemical action by 
tho belief that known laboratory methods aro 
the equivalents of unknown vital methods.”' 


It is essential, as Professor Meldola points out* 
to turn back and ask oursclvt^s how much light 
the synthetic chemistry of chemists has thrown 
upon tho synthetic chemistry of plants. 

Synthetic and Vital Chemistry. 

No synthetic processes which produce or in- 
volve flame or temperatures anywhere above, 
say, 103” F. have any particular bear- 
ing upon tho real qiu'stion. Says Professor 
Mcldola : “ The fundamental synthesis par 

excellence. — the photosynthesis [synthesis by 
means of light), which plants arc enabled to 
accomplish, and in the course of wliich carbon 
dioxide is absorbed by an organic compound, 
and the product or products decomposed with 
the liberation of oxygen — is as yc‘t without 
a laboratory parallel.” Furthermore, while 
a V(U‘y large number perhaps tlie whole 
numb(‘r— of vital syntheses arc'; ae(^omplish(‘d 
by means of enzymes or fenmmts, and while 
the majority of the more familiar ])ro(l\icts can 
be also produced in the lal){)ratory. ” the analogy 
between the natural and the laboratory ])roc(^ss 
disapix'ars when it is considered that as yet 
no organic nitrogenous agent of the nature of 
an enzyme has (‘ver be(‘n synthetised.” 

It has now betai shown by many authors that 
ferments or enzymes are involvc’d in tho building 
up of a larg(‘ number of compounds. Even 
though the stagi's may Ix! followed by tin* 
synthetic chemist, yet the “ actual vital method ” 
has not b<*en (‘mj>Ioye(l by him. We are bound 
in horxisty to reeognistj these facts, and not to 
claim mor(‘ than we ar(‘ (‘ntiticd to. Synthetic 
clxunistry is of the utmost value on the philo- 
sophic; scor(‘. It has clearly demonstrated that 
substances produced by tho living body may bo 
j)rodueed without its aid, thereafter exhibiting 
identical j>rojx'rli('s in (‘v<*rv respect. But it 
has neither unrav(‘lled nor has it in any measure 
rivalled the synthetic processes as they occur 
in the living organism. 

The Chemistry of Life. There remains a 
jiroblern of tho utmost imjmrtance, as the wisest 
of chemists themselves see. Let us remember 
that so mighty a chemist as Liebig was content to 
say that the chcunicail j)roe(*ss(‘s of living matter 
demanded a vital foree for their interpretation. 
It is all very W(*ll for tlx; chemist to deny 
tho existence; of vital force*, and he is doubtless 
right. It is all very well for him to compote 
wit h the living e)rganism. But is it not plain that 
if his jjroccssos arc not the same as its processes, 
and if its pre)cessos are pure*ly chemical or 
chcmi(;o-physi(;al, and not p(;culiarly vital, there; 
is a great kingdom of chemistry, not even tlx* 
threshold of which has he; yet rt*achcd ? Of eourse, 
this is so ; synthetic che;mistry has done nothing, 
or almost nothing, to illustrate tlx* che*misli v of 
living matter. Jt has mcre‘Iy abo]is}x‘(J the old 
explanation of a vital force*, w'hicii, e)f course;, 
was no explanation, hut merely a e;ase of elarken- 
ing counsel by words w'ithe^ut knowledge*, 
ohscurum ptr ohnenriuH—Xhe obscure* by the more 
obscure. Thus there* remains a new science or 
a newly recognised 8ci(;nce, the nee;e*ssity for 
which arises the moment we abolish the concep- 

2817 



GROUP 6-CHEMISTRY 

lion of a vital force. This science is the chemistry 
of life, or, as it is commonly called, biochemistry. 
This, of course, is the true organic chemistry ; 
that is to say, if the old term is to be retained 
at all it should be used not to cover a mere 
description of the properties of dead starch, on 
the ground that the starch was produced by a 
plant, but should be employed to describe the 
choniistry of living organisms. 

The Unknown Kingdom of Chemistry. 

Our making of definitions has now resulted, it is 
to bi^ hoixd, in a clearing of the ground. Hence- 
forward wc shall assooialc the terms inorganic 
and organic chemistry with the dehnltc theory 
which wc may now call the older vitalinm, 
and which assf*rtcd that so-called vital products 
are the products of life alone. We shall recog- 
nise that these terms cease:l to have any valid 
moaning from the yc'ar 18*28 onwards. We sliall 
further recognise that, if they arc to bo retained 
at all, there is abundant scope for their employ- 
ment. They arc so short and convenient that the 
present writer would be glad to see them re- 
instated — inorganic chemistry meaning all such 
chemical [)roccsses as are not peculiar to tlu^ 
chemistry of organisms or organic chemistry. 
Lastly, we realise that biochemistry, or what Me 
should bo pleased to call organic chemistry, is 
as yet almost an unknown land. It has been 
claimed for science, and the unsciontific concep- 
tion of a vital force has been dismissed from it, 
but it has not yet boon explored, and the would-be 
explorer is almost without a guide. But it is, 
of course, ineom])arably the richest, the most 
wonderful, and the most important of all the 
territories to u'hich chemistry asserts her right. 
If space avail, we may possibly return to this 
subject. 

The Carbon Compounds. As was men- 
tioned in an eaily section of this course, we now 
employ the somewhat clumsy phrase “ the 
chemistry of the carbon compounds to do the 
Mork wliicli was formerly done by the term 
organic chemistry. The substances with which 
we shall have to deal are compounds of carbon. 
Carbon seems to be tlie keystone of their archi- 
tecture, and it is from the study of carbon that 
w'O are best enabled to attack them. This fact 
is, in itself, of the utmost significance, for carbon 
is an abundant and widely-spread ingredient of 
inorganic nature. It is true that a very large 
part of the carbon upon the earth once formed 
part of living bodies. The reader already knows 
that coal represents the carbonaceous part of the 
lx)dic*s of certain kinds of giant ferns which once 
flourished upon the surface of the earth. But the 
doctrine that carbon has always been associated 
w^ith life, or that it is actually a product of some 
primeval life, or that it is somehow specially 
inhabited by the vital principle, must accommo- 
date its?lf to the fact that the presence of carbon 
has been abundantly demonstrated in the stars. 
The continuity between the organic and the 
inorganic is thus demonstrated by the facts of 
this one element. 

Marsh Gas. Furthermore, it would be idle 
to imagine that all the compounds of carbon 
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belong to the realm of what was called organic 
chemistry, or, in other words, are specially 
associated with life. On the contrary, on page 
13fil, we had to discuss the monoxide of 
carbon, which has the formula CO, and the 
dioxide of carbon CO 2 - No one thinks of 
these as coming under the head of organic 
chemistry. The latter is produced by living 
bodies, but is also produced — and has 
identical properties when so produced — by the 
oxidation of inorganic carbon. There is, therefore, 
absolute and perfect continuity between the two 
realms of chemistiy, as they used to be con- 
ceived. This being granted, we may now proceed 
to the study of a substance which furnishes the 
key to the structure of a very large number of 
other substances of greater complexity, and 
w'hich, though it might quite well have been 
tn^ated w'hcn w'e w'ore discussing the other 
inorganic compounds of carbon, w'as . piir 2 )osely 
left over so that it might furnish the basis of 
the discussion which is to follow\ This body 
is the simplest known compound of the two 
familiar elements carbon and hydrogt'n, and is 
oonunonly known as marsh gas, its teclinical 
chemi(^al naine Infing methane. 

The Hydrocarbons. The term hydro- 
carbon is used to deseril)e the (jarbides of hydro- 
gen. Let us once and for all distinguish betw'cen 
two terms which resemble one another — hydro- 
carbons and carbohydrates. A carbohydrate is a 
substance which contains, as its name suggests, 
carbon, hydrogen, and oxygen, the two latter 
occurring in the proportions in which they are 
found in watei*. The two names resemble one 
another, l)ut have totally dilTerent meanings. The 
hydrocarbons are far more important, since their 
oxistencti and structure are fundamental in a 
study of this j)art of our subject. 'Bhe carbo- 
hydrates have their own importance, as wo shall 
afterwrards see. but it is 2 )ractical rather than 
theoretical. 

The derivatives of the hydrocarbons are 
endless and, to quote Sir William Ramsay: 
“ May contain oxygen, nitrogen, sulphur, chlorine, 
bromine, iodine, and many other elements.” Let 
us now return to certain lessons taught us by 
the typical hydrocarbon. 

Lessons from Marsh Gas. Marsh gas or 
methane has the formula CHj, os wo saw on 
page J7G4. This is itself of great significance. 
Says Sir William Ramsay: “The fundamental 
fact on which the chemistry of the carbon com- 
)X)unds rests is that in them carbon alwa)^^ 
functions as a tetrad.” Tliis means, of course, that 
the carbon is alwajrs “ four-handed.” We aro 
now past the stage at which it was necessary to 
accept this fact of valency simply os an inex- 
plicable fact. The new theory of nmtter, as the 
reader is already aware, has begun to make it 
intelligible. 

In considering the second lesson of marsh gas 
wc may remind the reader of a previous para- 
graph, in which it was pointed out that when 
this body is exposed to the action of chlorine, 
atoms of the latter gas successively replace atoms 
of hydrogen, hydrochloric acid being meanwhile 
formed. We thus get a sequence of boibes. 
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0 H 4 , CH;,a, CFT.Cl,, CHCl.i, CC1». Tlieir 
oonstitution is thus indicated by graphic formula s 
H H Cl 

i I t 

H-C-H H-C-Ketc. to 01-C-Cl 

i i I 

n Cl Cl 

These so-called graphic; formula* are a device 
of tho utmost value. They begin to indicate 
the structure, of the molecule, and too much im- 
portance cannot bo atiaclied to this conception 
in the pages wliich aro to follow. 

•• Solid-chemistry.** Tho graphic for- 
mula3 represented above have, however, an im- 
portant defect as symbols. The reader will 
remember that when we were discussing the new 
theory of matUT we (U;s(;ril)eil the now famous 
behaviour of Mayer’s nei‘dh‘s, but w(; had to point 
out that tli(^ ne(‘dl(‘s symbolising the (‘lectroiis of 
the atom lie all in one plane upon the surface of 
the wat(.T, and thus represent the atom as a flat 
or two-dimensional object. But, of course, there 
is every reason to believe that- the atom is a solid 
or tliree-dimensional object, and we should like, 
if possible, to have not a flat but a stereosco])ic 
representation of it, showing the relations of its 
parts in p(‘rspe(;tive, as one sees in ordinary 
vision with two (‘y (;8 or through a stereoscope. 

Now, pn^cisely the same dt‘fi;et attaclies to tlu; 
graphic formula of marsh gas as l•e[)^;s(‘ntc‘<l 
above. It suggests that the molecule is a flat 
obj(;ct, lying all in one plane. But it would be 
a great advance to have some iiK'ans of repre- 
senting the molecule in pt*rspeetive ami con- 
0 (;iving of it also as not n two-dimensional, but 
a three-dimensional object. The introduction 
of this c()n(;eption has constituted an (;poch in 
chemistry, and the particular branch of tho 
subject which con(;eives of molecukM and studiei 
them as not flat, but solid objects, is now known 
as stfreo-rhennstrff, the meaning of which we can 
leadiiy rememb.r by ncalling the stereoscope. 
I’his great advance we largely ow^e to the 
famous Dutch clu mist Van’t Hoff, until his 
death professor of chemistry at Berlin. 

Substitution. The graphic fonnulie above 
figured illustrate also ono of the rno^t im- 
portant and fruitful ideas in the chemistry of 
the carbon compounds — and that is tho idea of 
substitution. When, for instance, we com- 
pare mar.sh gtis with chloroform w^e do not 
simply compare the two empirical formuhe — 
this being the name applied to the ordinary 
forinulop — but W'e compare the two graphic 
formuJai ; and w^e say that chlorine atoms have 
been substituted for hydrogen atoms. This 
theory of substitution we owe to the Frenchman 
Dumas, friend and rival of Liebig. Liebig at 
first oppos(;d Dumas’ ideas on substitution, but 
at last he became convinced — says Shenstono in 
his book on JLiebig — “ that the character of a 
chemical substance does not depend so much as 
ho had supposed on the nature of its constituent 
atoms, and depends very largely also on thr 
manner in which those atoms arc arranged. 
Some years afterwards, at a dinner given by the 


French chemists to chemical visitors to the 
Exhibition of 1867, Liebig madcliis defeat on this 
occasion the source of a happy retort to Dumas, 
wdio had asked him why of late years he had 
devoted himself exclusively to agricultural 
chemistry. ‘ 1 have wuthdrawm from organic 
chemistry,’ said Liebig, ‘ for with the theory of 
substitution as a foundatiou, the ediflee of 
cho*uical science may be built up by w'orkmon ; 
masters aro no longer needed.’ ” 

A Small Complexity. It introduces but 
a small comf)lcxity into graphic formulic to 
reenguiso that a (rertaiu amount of la(‘k of sym- 
metry may often be met. Tndi;cd, the Dutch 
chemist whom w'O have aln*ady named has shown 
that tho utmost theoretical imjautance attaclio^ 
to tho .symnudry, or lack of symiuetry, of such 
molecules. Sometimes a single atom having two 
hands is introduced, and in such a case tho 
molecmlo becomes somewhat nsymmotrieal ; or, 
to take the instanee of marsh gas again, the four 
hydrog(‘n atoms may be re[>lac(‘fl l)y two oxygen 
atoms, giving us a graphie formuhi like this— 
0 C O. w^hi(*h of course repres(?rit.s the 
familiar substanee carbon dioxide, and is again 
.symmetrical. 

Or we may write the graphie formula of the 
body('H,(M , and substitute an atom of oxygen 
for the two hydrogen atoms that remain. We 
thus obtain the body carhonyl chloride, tho 
gra[)hie formula of which is : 


Carbon Linked with Carbon. Marsh 
gas does not teach us oni; of the most remarkabU; 
pro})ertieH of carbon, whu'h goes very fur to 
account for the extraordinary number and com- 
plexity of its compounds. This property, otluT 
instances of w'hich an; very rare, is the powtT 
w hich one carbon atom has of unit wig directly 
with another carbon atom. This we shall come 
to study wlum we consider the higher momhcr.s 
of tho series to which methane bclong.s, and 
b<*n/.eno and its derivatives. 

-The Properties of Marsh Gas. As 
we might ex fleet, marsh gas is often produced 
in marshy ground, it is also very commonly 
produced in coal mine.s, thus in both eases 
having an organic history. It is known to the 
miner as fire damp, for wlum mix(‘d with air it 
forms an easily and extremely explosive 
mixtun;. It is a colourle.ss, odourless gas, 
insoluble in wat(*r. The firoducts of its com- 
bustion are, of course, carbonii; acid and water, 
and it is hardly nec;essary to say that it has been 
liqiaflied and solidified. 

Preparation of Marsh Gas. Ft is im- 
possible for tho chemist to prepare marsh gai 
by getting carbon and hydrogim to unite directly, 
except when both (‘lements aro in tin; nascent 
state. The easiest mode of its preparation is by 
tho action of caustic soda on the acetate of 
sodium at a considerable temjiej’aturc. Tho 
following is tho equation : 

CH.,CO.^.Na + NaOH CH , f Na.,CO,„ 
sodium carGonato and marsh gas being the 
jiroducts. C. W. SALEKBY 
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The Great Struggles for Supremacy in 
Religion and Absolutism In Government 

WARS WAGED FOR RELIGION 


I N giving our preliminary sketch of the ])eriod 
it is convenient to take familiar j)oints in 
English history as our landmarks, not because 
of their intrinsic importance, but because they 
are handy guides. The first decade, however, 
of the reign of Henry VI II. provides a starting- 
point which is of more than insular utility. 

A Memorable Decade. In 1509 Henry 
VTJI. became King of England. In 1613 Flodden 
checked the development of Scotland. In 1515 
Francis I. ascended the French throne. In 1516 
th(^ young Hapsburg Charles became King of 
Spain on the death of his grandfather, Ferdinand 
oi Aragon. In 1519 the Emperor Maximilian 
died, and his death was followed by the (‘h'ction 
of the King of Spain who was grandson of 
Maximilian as well as of Ferdinand — to the 
imperial throm^ as Charles V. In 1517 Martin 
Luther had thrown down the gauntlet to Rome 
by challt'nging the sale of indulgences. Thus, 
at the close of this decaFle, 1509 1519, the three 
kings and the religious reformer, whos<* per- 
sonaliti(‘S were to dominate Europe for thirty 
years -Luth(*r died in 1546, Francis and H<‘nry 
in 1547, though (Charles survived them — had all 
taken their plaei's on the stage. 

A Time of Deep Division. Among them 
these four laid down the lim‘s of the national 
divisions of Europe, saw the Eurofx'ans masters 
of South Armu’ica and on the Indian seas, and 
marked out th<^ course which was to be taken 
by the religious Reformation. All four W(*rc 
still living wluui Ignatius Loyola on the Roman, 
and .John ('alvin on the Prot<*stant, side estab- 
lished the types of the tJesuit and the Puritan. 

Commercial Strife Follows Religious 
Strife. Another decade of English history, 
the decade of the Great Rebellion — or perhaps 
we should say the two decades of the Rt*bcllion 
and the Commonwealth — marks a division of our 
whole period into two. The Peace of Westj)halia 
and the execution of (Jharles I. were all but 
contemporaneous, falling precisely midway be- 
tween the accession of Henry VTIl. and the 
summoning of the States-General. From one 
])oint of view, we may regard the first period 
as that of the ascendancy and decline of the 
Hapsburgs, and the second as that of the 
ascendancy and decline of the Bourbons. From 
another point of view, the first is the ])eriod 
when religious antagonisms are dominant, w'hile 
in the second those arc over-ridden by the 
claims of rival commercial interests issuing in 
a great stniggle for colonial dominion. 

The Rise and Decline of Absolutism. 
From a third point of view, the first period 
witnesses the passing of feudalism into abso- 
lutism, and the second the decay of the bases on 


which absolutism was established. In our own 
island, politically far in advance of otluT states, 
the first period saw both the d(welo])ment and 
the fall of absolutism, wdiile the second estab- 
lished constitutionalism. Thus the chrono- 
logical division provides a natural partition foi 
our survey. At the opening, then, we find Spain, 
the Burgundian heritage including the Low 
Countries, the (Central Eurup(Nin heritage of the 
Austrian House, and the Imperial dignity% all 
under one* st^eptre, though the Austrian domi- 
nions were very soon transferred to the* (unpiTor’s 
brother, Ferdinand. 

The Balance of Power Theory. The 

thc*ory of a balance of powca* among European 
states would have been stilled at birth hut for 
the fact that the eiiipi'ror’s realms were a 
heterogeneous assortment of unsympath(*tic 
nationalities, very inconveni(*ntly situat(‘d for 
united action, wIku'cnis tlie realm of the other 
great (k)ntinental Power, France, was homo- 
g(‘iieous and compac;!. The rivalry of the two 
princes, Gharles and Francis, and th(‘ir counttu 
claims to sundry Burgundian and Italian 
territories, were tlie finulanuaital facts in the 
international situation. England, standing 
outside', her polii'y’^ guarded - at li'ast in tlu* 
judgnu'nt of the world- by tlu' minister Cardinal 
Wols<‘y, sought to hold the balance betwHU'U the 
tw'e>, to i)reserv(‘ the general pi'ace, and to reaj 
the advantages of lier ])osition as arbiter. 
Failing to keep the; peace, she threw ht'f weight- 
t hough by no intNins vigorously — into tlu* scale 
on tlu* (‘inpcror's side ; anel only after the over- 
throw of Francis at Pavia in 1525 was an attempt 
made to n^storc the balance by a return to the 
Fn*ncb alliance. 

The Bible as Banner. But by this time 
the new' act was making itself aetivc’ly felt. Martin 
Liith(*r had challenged tlui j)apal pretensions in 
1517 at Wittenberg. In 1520 he metaphorically 
burned his boats when he literally burned the 
papal Hull which condemned him as a heretic. 
By chalhmging the pecuniary and political as well 
as the theological claims of the pajiacy, ho 
secured the support of a number of secular 
princes, while the religious enthusiasm of tlie 
masses over half of Germany was aroused by his 
hold declaration against any authority which 
pretended to ovc'rride the Scriptun's. Hen* 
stand I. God help me. J cannot do otlu'rwise.” 

The First Protestantism. The fire was 
fairly kindled. Politically speaking, German 
unity had become imjiossible until the sw'ord 
which Luther had brought inst(*ad of peact* 
should be sheathed. Tlu* [ninoes, wdio 8upi)orted 
Luther, demanded religious freedom on the 
general principle later formulated in the phrase 
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cujus regie ejus religio^’"^ for each ruler’s realm, 
tWb ruler’s religion.” The Lutherans united at 
SpeicT in the protest against imperial restrictions 
which gave to th<‘ir movement, and ultimately 
to the whole anti- papal Reformation, the name 
of Protestantism. 

The Menace to Imperial Authority, 

Thc5 new teaching progressed in spite of the 
8(U‘ious set-back which it reoeive(l from the 
social propaganda of some of its votaries — 
emphatically condemn •(! by Luther himsi'lf — 
which brought about the horrors of the great 
(icrman peasant revolt of 152o. The league of 
JVotestant princes beeanu' a p(‘rmanent menace* 
to an. imperial authority Which definitely ranged 
itself on the side of the old tenehing and was 
at the same time «?ndeavouring <o tighten its 
control in secular aifairs. 

Henry the Eighth as State Balancer, 
Under such conditions an effective Anglo- 
French alliance would hav'e [in'sented a very 
grave danger to the Hapshiirg monarchy, hut 
the King of England elected to follow a course 
of liis own in which lu? could be aeliv( ly asso- 
ciated with neither of the two rivals. While 
priding himself on his ortho<loxy, Henry found 
conscientious reasons for disclaiming obedience 
to an ecclesiastical authority which could not 
be persuaded to d<‘(^lare his marriage with 
Catharine of Aragon void. (V)nseienc(* also 
compelled him to suppress the monastic estab- 
lishments ill England and to appropriate 
their endowments. 

The King-given English Reformation. 

At the same time the monarch, who had been 
honoured with the title of “ DofendcM* of the 
Faith ” by Ijco X., was not persona grata with 
the LutluTaiis ; and th(‘ total outcome was that 
from the hour when Ili'iiry began to seek for 
the so-ealh'd divorce from his wib*, England 
ceased materially to intliience the policy of cither 
C^haiies or Francis, while her king was making 
himself sii|)reme over tlie State, and the State 
supreme over tlu^ (Umreh. Theological changes, 
however logically they might follow as corol- 
laries to thi^ revised relations between Church 
and Statts were reserved for the next reign. 

The Division of the Hapsburgs. Tn 

Cermany contest. s between Protestantism and 
Imperial (/utholicism continued to alternate 
with periods of doubtful compromises and 
suspicious truces. Th«» apparent triumph of the 
orthodox emperor over the IjUthiTan League of 
Schuialcald in 1547 was followed by a complete 
reversal of the position, accomplished in 1552 
by Maurice of Saxony ; and before the death of 
Charles a modus vivenili was established between 
the two jairties which n^mained effective for 
more than half a century. But the attempt to 
oontraJise power in the hands of thc^ emperor 
had failed, and tlie iiitimato connection of the 
empire with Spain was terminated. A Hapsburg 
was King of Spain, retaining the Netherlands, 
and another wore the imperial crown, but the 
Hapsburg dominion was permanently divided. 

While Charles still ruled, Montezuma and Ata- 
hualpa had met the fate with which Macaulay’s 
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schoolboy was so familiar ; Cortez and Pizarro had 
conipicrcd Mexico and Peru ; the Spaniards were 
established on the Spanish Main, and the ‘Plate 
fleets were beginning to pour their cargoes into 
the Spanish treasury. Also, John Calvin had 
founded his theocratic system at Geneva on a 
rigid y)rcdostinarian basis ; the Order of Jesus 
had been recognised at Rome, and was develop- 
ing the powers generated by tin* union of a 
consuininate ediujation with unqualified obedi- 
eiKH* ; and ih<' (’ouncil of Trent, in which 
the adherents of tlu* i)apacy alone found recog- 
nition, was preparing the conclusive dogmatic 
d(‘fiiiitions which wen; permanently to distinguish 
Konuin (.'alholics from all others, and to lead 
to the })o|)ular api)ro})riation of the name of 
(.’athoJic to fhe Romanists - an abuse of ter- 
minology wdiich is excusable only because the 
opposition of the terms Protestant and Catholic 
is, on th(^ whole, le.ss misleading than any 
practicable alternative which has been suggested. 

Religious Fluctuations and Balances. 
Tn (Jermany then* was a religious truce. In 
England thi* (‘xplosive iToteslcnf ism of Ed- 
ward VI. 's reign was followed by the still more 
acute r(‘action of Mary Tudor s government ; 
and that again by the comprehensive but still 
limited Anglican settlement of Elizabeth. In 
France, th(‘ ortliodoxy of the court was qualified 
by file HugiK'Uot h'anings of pow'erful familii^s. 
Tt remained for Phili[) of Spain to adopt the 
role of champion of the papacy and hammer of 
the heretics. Between 1 550 and 1.5()0, Spain, 
Franc(‘, England, and the Empire each came 
under a ni‘vv ruU‘r, who in th<‘ case of the first 
three giiidcul its d(‘slinies for some thirty years. 

The Scheming of Catharine de Medici. 

Ill France tlu* sons of Catharine de Medici were 
kings, but it was she* who controlled them. To 
retain her own asctmdancy sh(‘ ])layed off the 
Guises against the Huguenots and tlie Huguenots 
against tlie Guises. Even thi‘ terrible St. 
Bartholomew massacres ,of 1572, whii'li she 
planned probably in a moment of jealous jianie, 
failed to suppress tlie parly of the victims, who 
won the day for their indubitably l(‘gitiniate 
candidate, Heniy of Navarre, in the struggh* 
for the succession whieli follow'eil the death of 
Henry lib, and of ('atharine herself in 15S9, 
but only when Henry paid the (Catholics their 
price, holding that the pos.s('Hsion of a crown was 
w'orth a Mass. 

Queen Elizabeth’s Dependence on 
Protestantism, In England, the daughter 
of Anne Bol(*yn, bom out of wx'dlock in the 
eyes of every l}i‘liever in the papal authority, 
W'as wholly dependent on the loyalty of her 
Protestant subjects, whose liopcs wore no less 
bound up in her, since, even if her legitimacy 
were admitted, the legitimate heir presumptive 
was the Catholic Queen of Scots, who was half a 
Guise. Elizabeth’s domestic administration was 
consequently emphatically Protostant ; the more 
so when a singularly injudicious papal Bull in 
1570 formally invited English Catholics to 
profess loyalty but to compass treason. Never- 
theless, it was her business to avoid challenging 
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the direct onslaught of the papal champion 
until the outcome of a struggle could bo 
anticipated with confidence. 

Elisabeth’s Diplomacy. Hence for 
nearly thirty years she played persistently a 
double game, wounding Spain whenever the 
chance appeared of doing so unofficially, or 
dangling before France the prospect of a matri- 
monial alliance, but refusing to commit h<‘rself 
to open support cither of the Huguenots in 
France or of the Protestant Netherlanders in 
their struggle to free themselves from the 
Spanish yoke. But sooner or later the battle 
with Spain wa.s inevitable, apart from the 
religions question. 

The Clash of National Interests at 
Sea. For the spirit of adventure had taken hold 
of the seafaring population of England. The 
Italian Cabots — John and* Sebastian had made 
their voyages to North America in command of 
^^jnglish ships, Willoughby and (-haneellor had 


on the other side of the ocean. If the Spaniards 
had a right to the monopoly, the English weie 
no better than pirates; if they had not, the 
English were within their rights ; and the 
debate could be decided only by the eiTectiv^c, 
if illogical, method of fighting it out. There- 
fore, while Elizabeth and Philip were theoretically 
at peace, their .subjects on the high seas and on 
the Spanish Main wore practically at open war. 

To War or Not to War? The whole 
situation favoured Elizatx^th’s policy of defer- 
ring the collision as long as possible. A large 
proportion of her subjects, and one at least of 
iier ablest Mini.sters, Francis Walsingham, were 
eager to join i.ssue with Spain long before the 
queen or her most trusted counsellor, William 
(>wil, best known us Lord Burleigh, were willing, 
])artly Ix'cau.si^ they wt're zealous for England 
to stand out o])eniy as the champion of Pro- 
testantism, partly l)ecausc the mariners were 
confident of the outcome of a naval struggle. 
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“ discovered ” Muscovy when in search of a 
“ North-East Passage,” old William Ha\ kins 
had made the (jluinca voyage and visited the 
Brazils before Elizabeth was on the throrui ; 
and many captains were soon (unulating their 
exploits, most notable among them being John 
Hawkins, who kidnapped negroes or bought 
captives from the native chiefs on the Guinea 
coast, finding a profitable market for the same 
among the Spaniards in America. But Spain 
was by no means disposed to let foreigners work 
their way into sharing her American monopoly, 
and strict trade regulations were laid down. 

Peace at Home and War on the Seas. 
These regulations the English seamen ignored — 
partly as being in contravention of treaty rights, 
partly as having no better warrant than the 
old Bull of Pope Alexander VI., who had made 
a present to Portuguese and Spaniards of the 
New World, which was not his to give. In jdain 
terms, international law was far too vague, 
and its sanctions far too insubstantial, to control 
the nroceedings of mariners and adventurers 


But Prut e.st autism appcaliul to Elizabeth 
merely as a political necessity in. her own 
realms ; she cared nothing about maintaining 
it abroad except as a check upon the capaciti(‘S 
of Catholic governments for aggression. kShe 
would have? ])refiured friendly ivlations with 
Spain on terms of mutual accommodation, 
wishing to keep that power as a balance to 
France. The ruin of either France or Spain 
would, in her view, have rendered the other too 
powerful. So long as Philip found enough to 
occupy him in the Low (countries, the prospect 
of an Anglo-Frcn(5h alliance was a useful diplo- 
matic card in reserve, but a dangerous one to 
play. In like manner, so long as Mary Stuart 
lived, it was doubtful whcth(T Phili]> could reap 
much advantage from Elizabeth’s fall, since 
Mary’s accession might bring about an Anglo- 
French alliance. But when the marriage of 
Elizabeth to a French prince had finally become 
impos.sible, and the tragedy of Fotheringay had 
been completed, Elizabeth knew that the fateful 
grapple with Spain could no longer be averted. 
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A Clay-footed Colossus. Spain herself 
■wHa a colossus far less powerful in fact than in 
appearance. Philip’s father had been a Bur- 
gundian rather than a German or a Spaniiwl ; 
Philii) himself was a Spaniard without qualifica- 
tion. Lord of Spain, and of the wealth of the 
Spanish “ Indies,” he was lord also of the Low 
(Jountrics, but the sufficient maint(manco of 
communications between Spain and the Low 
(/ountrios deipaitded control of the sea. To all 
appearance, indeed, Spain was incomparaWy the 
greatest sea- power, but when she was challenged 
by England the appearance proved to he 
fallacious, though this did not occur till Philip's 
reign was far advanced. Yet, even btfore that 
time, it was no easy matter to maintain a large 
force in the Ntdlierlands ; so long as this was 
iH'cessary, Si)ain was gritivously hampered in 
other fields of activity, and practically it was 
necessary almost from .Phili})’s accession. 

The Struggle with Dutch Protestant- 
ism. The Spanish king was determined to exercise 
despotic authority and to crush luTcsy through- 
out his dominions. The* Neth(‘rlaiid.s, \vher<^ 
the nobles and the cities possess<‘d traditional • 
libefties, had no mind to submit to the despot isiri 
of an absent(‘e ex(‘iris(‘d tiirough aluoi agtoits 
and su[)portod by fortogn trooi)s. MoreovtT, 
th<i northern proviiuavs which had adopted 
(-alvinistic doctrines were prepan'd to do battle 
for their religion at all costs. Th(‘ organisatiiui 
of a constitutional opposition to an alien ad- 
ministration and to H'ligious persecution Avas 
rju't by the arrest of two of the leaders, Egmont 
and Horn, und(‘r the government of Alva, 
whom Phili[) had H(‘nt to rc'place his own mor(* 
diplomatic sister, Margaret of l^arma. The 
airest was answered by a revolt, headed by 
William, Prinet' of Orange and his brothcT, 
Lewis of Nassau. Egmont and Horn were 
executed, and tin* rc'volt was mercilessly crushed 
undcT the iron heel of Alva. 'J’hen^ follow'ed a 
tyranny brutal bt)th in its intentional cruelty 
and its unintentional tinancnal stupidity. 

Annexation of Portugal by Spain. In 
1572 the revolt was reiKwved, and was obstinately 
maintained', sometimes by the whole of the 
Netherlands, sometimes by the northern Pro- 
testant provinces aloiH*, Avith assistance more 
or less surreptitious but tolerably constant from 
England, and loss consistently from France, 
Avhich of old had clainu'd suzerainty oA^er 
Flanders and Brabant. While the struggle Avas 
going on, the audacity of the English seamen 
reached its climax in Drake's A^oyago of eireum- 
iiavigation, and his return to England in the 
” Pelican ” or ” Golden Hind ” Avith Spanish 
treasure aboard worth considerably over a 
million. Incidentally, hoAvcver, Spain at I he 
same time acquired additional pow'cr by the 
annexation of Portugal on the demise of her 
king. Henry, on the plea that Phili]» avus the 
legit imato heir through his mother. For more 
than half a century Portugal remained an 
appanage of the Spanish croAvn, till the House 
of Braganra succeeded in giving effect to its 
OAvn claims, of which the legs! superiority was 
indubitable. 

2824 


War— Open and Underatood. The 

assassination of William “ the Silent ” in 1684 
failed to break down the stubborn resistance 
of the Protestant Netherlands to Spain. Anglo- 
Spanish antagonisms became so acute that 
Elizabeth was unable longer to resist the popular 
demand for an open support of the Hollanders. 
England and Spain being openly at war, a live 
Mary Stuart was no longer a workable political 
asset. The Queen of Scots was beheaded ; Philip 
rc.solA’^ed to ciush Elizabeth and claim the English 
crown in Aurtuc of his descent from John of 
()}aurit, and thus simplify the difficult process 
of crushing the Nethtulands. 

The Armada Destroyed ; the Nether- 
lands Freed. The Armada sailed. In its 
progn^ss up (.‘hannel the superiority of the 
English fleet Avas definitely manifested ; the 
Armada itself was finally broken up in the 
decisive engagement off Gravciines, and its 
destruction Avas eom])lctod by winds and waves 
in the course of its flight round Scotland. 

n’he na\"al war continued for another decade, 
but the naval supremacy of Spain had vanished 
for ever. Phili}) defiantly fitted out one fleet 
after anoflnu’, but all met Avith disaster; and, 
reduced though his rc'sources wiu'c, lu^ threw 
hims(‘lf into a French Avar, inst('ad of strengthen- 
ing Parma in the Net iKulands. When Parma 
di(‘d, there was litth' doubt that the Hollanders 
would secure th(‘ir independence, which they 
did practically soim* ten years, and formally 
some fifty years, afterwards. 

Change, Division, and Comparative 
Peace. In Fianet* the Avar of the succession 
Avas terminated by the (vstablishmeni of the 
Bourbon dynasty in th(' person of the quondam 
Huguenot TI(‘nry IV., and toleration was 
secured by the Edict of Nantes in 1,598. In the 
same year Philip tli(‘d, to be followed to the 
grave live years later by his great English 
antagonist. The suece.ssiori of the Scots king, 
Jaimvs VI., as .lames h of England, united 
England and Scotland under one crown, though 
the two countries retained sej)aratt‘ legislatures 
and administrations. For nearly half a century 
to come the intervention of England in European 
])olitics was spasmodic and inetT(‘ctive, almost 
disregarded by foreign 1 ^oav(Ts, and of import- 
ance chi(‘tty as producing, both directly and 
indirectly, collisions between the crown and 
parliament. In Germany the recognition of tho 
prineiph‘ that each ruler should decide the 
religion of his own state had brought peace ; 
the German Hapsburgs, unlike the Spanish 
branch, remained Catholic, but maintained 
the attitude of compromise. 

The Thirty Years’ War. On th^ other 
hand, the Protestant states became divided 
into Lutheran and Calvinist, the two camps 
being in hot opposition to each other. But the 
time arrived Avhen the heir to the Hapsburg 
succession and to the empire was recognised in 
the Archduke Ferdinand, who was a bigoted 
Catholic. The ruling emperor, Matthias, was 
king of Protestant Bohemia, where the crown 
was elective. The Bohemian Diet was surprised 
into nominating Ferdinand as successor to 
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Matthias, but an attempt was made to upset 
tiio election, reject Ferdinand, and substitute 
Frederic, the Calvinist Elector Palatine; and 
thus, in 1618, the Thirty Years’ War began. 

The Fight for Catholic Ascendancy. 
In effect, the war was one for the recovery 
of Catholic ascenduncy in <lermany. Tho 
European championshii) of tho Catholic cause 
had been taken over from tho Spanish by tho 
German Hapsburg. On one side was ranged 
the Gorman League of (Catholic .princes, of whom 
tho moving spirit was Maximilian of Bavaria, 
supported by Spain from the Spanish Nether- 
lands and North Italy. On the other side were 
the German Calvinists, from whom the Lutherans 
of Saxony and Brandeni)urg stood aloof. Victory 
at first lay with the (aitholics ; by 1623 it looked 
as if German Protestantism would be crushed, 
and the allied Hapsburgs would be able com- 
pletely to doitiinate Europe. 

BLichelieu versus the Hapsburgs. The 
po.ssibility of such a prospect in 1610 had 
caused Henry IV. of Francis to prepare an anti- 
Hapsburg combination just before ho fell under 
the^aggeu’ of an assassin. Now, Richelieu had 
acquired a pn'ponderant influence in France. 
For him the (‘iierny was not Protestantism, hut 
the Hapsburgs, though within France the 
Huguenots w(‘re in some degre(^ represac'd. 
Richeliiai now intervened, striking at the 
Hapsburgs in Italy, Although a Huguenot 
revolt in France compelled him to withdraw 
again, Iuj had giv(*n a load to the Protestant 
powt*rs ; Denmark and Hungary were drawn 
into tho German struggle on the Protestant side*. 

The Bohemian Upstart, Wallenstein. 
At this stage, in 1(326, Walhmatein appears to 
restore the now thn'atcncd imp(*rial fortunes, 
but with a modified policy. He is th(^ champion 
primarily of imperialism, with (he aim of 
making tlie emperor ma.ster of (he empire, 
playing, AW ///«//> mutandis, a role analogous to 
that of Strafford in Fhiglatid or of Riclielieu in 
France. But if the (Catholic j)rinces of tho 
empire wore willing to be led by their nominal 
suzerain to the ov(*rthrow of Protestantism, 
they were by no means willing to be ruled 
autocratically by an emperor whose power 
rested on an army controlled by a Bohemian 
upstart. At the moment of Wallenstein’s 
success Ferdinand found himself compelled to 
choose between him and the league. He chose 
tho league. 

Fnter ‘*the L»ion of the North.” But 

again Riehedieu had become active — at lca.st, 
diplomatically — and the effect of his diplomacy 
was to bring the Swedish king, Gustavus Adol- 
phus, into tho field. The victorious advance of 
the “ Lion of the North ” forced Ferdinand to 
recall Wallonstein to the leadership of his armies. 
When the two great commanders were pitted 
against each other. Gustavus lost his life in the 
hour of victory at Liitzen, in 1632, Wallenstein, 
now incomparably the mightiest figure on tho 
stage, meant to follow out his own policy, in 
which religious compromise was now a leading 
feature, while his own aggrandisement was not 
lc»ss prominent in it than his imperialism. 
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But Wallenstein’s schemes were ended by the 
hands of assassins in 1634. In effect, the ww 
now assumed tho somewhat unexpected oharaeji^ 
of a struggle for French supremacy on the 
Rhine, and for Swedish supremacy on the 
Baltic. We need not follow its course here. 
Ferdinand died in 1637, and Richelieu in 1642, 
but France maintained the same policy under 
Mazarin, and her armies acquired an unpre- 
cedented ascendancy under the leadership of 
Conde and Turenne. 

Effects of the Thirty Years’ War. The 

war was finally brought to an end by the treaties 
known jointly as the Peace of Westphalia in 
1648. It left Sweden secure in the supremacy 
of the Baltic, and France in possession of most 
of the westc^rn Rhine provinces. Switzerland 
.and Holland were formally declared independent 
of the empire and of S]>ain respectively. *As 
between Spain and Franco the contest was not 
terminated till ten years later. In Gcnminy 
f lu; prolonged devastation of a war, particularly 
hideous in tho brutality by which it was dis- 
tinguished, left the land seriously impoverished 
and gravely depopulated. The Protestantism 
of North Germany had survived the attack, 
and the wars of religion were ended. But. the 
(JatholicH had foiled the attempt to establish 
imperial supremacy at tlu' price of their failure 
to establish Gatholic domination. The Hapsburg 
was primus inter jjares, but nothing more. 
The Genuan states wi'n; as far as ever from 
combining into a single German nation.. 

England’s Futile Favourite. In all 
these events England had played practically no 
part. From 1618 to 1628 the administration 
of .James 1. and Gharles I. was practically in 
the hands of the inconyxdent favourite Bucking- 
liam, whose; policy was guided exclusively, by 
ptTsonal piques and ambitions. Everything he 
did was ('qiially reckless in conception and 
disastrous in extjcution. Expeditions to help 
the Elector Palatine, to ‘strike at 8[>:iin, or to 
help the Huguenots at Rochelle were all fiascoes 
of the worst kind, but English intervention 
was ended altogether when the duke was stabbed 
by an aggrieved and crazy fanatic. 

The Rise and Fall of English Abso- 
lutism. Under the Tudors, the Crown had 
obtained complete control of administration, 
with tho general acquiescence of Parliament ; 
while its policy was popular, it had been allowed 
to wrest the law to its own purposes. The 
Stuarts endeavoured to exorcise, in addition, an 
effective control of taxation, and to over- 
ride tho law in carrying out a policy which was 
thoroughly unpopular, with tho natural result 
that Parliament challenged the Crown’s ad- 
ministrative prerogatives. The outcome was 
a civil war which made the victorious army of 
the Parliament master of tho situation. Parlia- 
ment had played Frankenstein. The army 
would trust neither the king nor the Parliament ; 
it beheaded the one, ejected the other, and 
established a CsBsar in the person of Oliver 
Cromwell. The military protectorate was 
an abnormal expedient for dealing with abnormal 
conditions, utterly opposed to all English 
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tradition ; triumpliant but intolorabl(‘. Tt was 
doomed to pass away with its mighty creator. 
Absolutism was to make one more brief etfort. 
But it was, in fact, a lost cause ; tlie ascendancy 
of Parliament was won. But wliile the (Common- 
wealth lasted, Europe awoke to the fact that 
even Van Tromp and De Kuyter were no more 
than a match for llobert Blake, and that Crom- 
well s Ironsides under I’urennc, as under 
Cromwell himself, were more than a match for 
tho best soldiery in Europe. 

Absolutism in France. Absolutism was 
rejected by England. During tho first half of 
tho seventeenth century it was most d(‘cisiv(‘ly 
established in France. Henry IV. built up a 
popular despotism, but it was Richelieu who did 
for France what Strafford tried to do for England 
and Wallenstein for the empire. In England and 
France, however, absolutism had different foes. 
In England it was the traditional rights of 
gentry and burghers that were at stake ; in 
France it was the claims of a feudal noblesse. 
In Franco absolutism was the condition of a 
strong central government ; in England it w'as 
to be proved that the ascendancy of Parliament 
did not weaken the central authority. Richelieu’s 


task was not completed. In the wars of tie 
Fronde, with which his suct^essor Mazarin had 
to cope, the aristocracy had to lx* })rought to 
submission, and the Paris parlement -not, like 
the English Parliamimt. a representative as- 
semhly, l)ut a body of lawyers- ]na<le an \in- 
sueeessfiil bid for constitutional ]xnv(‘rs. But 
the policy of the cardinals prevailed; and when 
Mazariri died, young Louis XIV. was already 
the most absolute monarch in Europe. 

The English King a French Pensioner. 
Oomwell, in lb5r), had accepted ilu^ French 
proposals for alliance against 8}>ain. in tho 
liope of promoting a Protestant L(‘agiie for the 
dehmee of all Prot(‘stants. If lie had foreseen 
that, when In* was dead, England would lose 
sight of his purpose in the alliance with Franca?, 
and that France wouhl b(' able to use the fruits 
of that alliancT* and the defiNit of Spain for her 
own ends, wo may presinm? that his ]>()licy 
would have been different. It is hardly safe to 
condemn the designs of a state's man because? his 
successors were incapable of givung the'rn eff(?ct. 
The establishment of a pensiemarv of King Louis 
on tho throne of England did not fall within the 
Protector’s calculations. A. D. TNNES 
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The Permanent Way. Ballast, Sleepers, Chairs, and Ralls, 
Laying, Jointing, and Truing. Wear of Rails. Testing Rails. 


THE ROAD OF RAILS 


A ROAD of rail^i, although a great advance upon 
jiny other kind of road, dift’ers from it in no 
esseniial principh'. In the most primitive forms 
(jt transport thi; lo^wl is carried by man or 
animals, and sometimes dragged along the 
ground. The North American [ndians carried 
their pro[)erty over the prairie upon poles to 
which horH(^s were hiti^hed at one end as to 
shafts, the ends of the poles being allowed to 
trail upon the ground. When a load is placed 
upon any form of skid and drawn along, three 
lesults ensue: (1) the resistance due to friction 
and vibration ; (2) the destruction of the 

surface of the ground passed over ; and (‘1) 
the wear of the skid itself both from friction and 
jolting. The introduction of so simple a mechan- 
ism as Uie wliecl e(T(‘c<« a great iinprovcuncni. 
The gi'oatcr part of the friction can be concen- 
trated at the hub th(‘.reof, whore particular 
care can Ix^ taken to maintain conditions that 
reduce it to a minimum; also, since the friction is 
less, the di'sl ruction and wear is less, both of the 
vehicle and of the ground over which it passes. 

A Prepared Track. Any considerablo 
load, nevertheless, will forcii the wheel into the 
ground, causing resistance to progression and 
destruction of thii surfaces of the ground unless 
it is very hard; also the disadvantages of jolting 
are but little reduced. The next step is to 
establish a prepared surbu'e of ground to receive 
the wh<M*l. 1’his involves the disadvantage of 
ronlining the movement to the prepared surface, 
but the out-weighing advantages consist in the 
great diminution of resistance due to jolting, 
together with diminished destruction and wear of 
the vehicle and surface Iraversi d. 

The Jionians arc alh'ged to have conquered 
the known world by tlu^ introduction of good 
roads. The road of rails was an advance of 
almost equal importance. Here the surface 
over which the wheels pass is so confined and 
narrow that the hardest metal can be utilised 
and i)erfoct smoothness insun d, tlius reducing 
the resistance duo to wear and vibration to the 
lowest point attained. 

Resistance and Traction. A steady 
pull equal to the weight of 100 lb. will move 
a ten-ton truck along a level stretch of railway 
at about ten miles per hour. On a smooth 
pavement a pull five times as great would be 
necessary to move a waggon weighing ten tons. 
On an ordinary macadamised road twice as much 
would be needed. Over gross, perhaps 
3,000 lb, or a ton and a half would suftioe, while 
in the absence of wheels the load would bo al- 
most immovable. 

If the speed of railway trains were confined to 
ten miles per hour, a comparatively flimsy con- 


Btriiciion would be strong enough, but at the high 
speeds which actually prevail, the action of the 
locomotive passing over the line is like that of 
an immense hammer — a steam-hammer, in fact. 

Were the rail that carries the train to bo 
supported directly upon a hard rock foundation, 
that rail, whatever its material, would be 
hammered out of shape or broken. 


Principles of Construction. The 

rail, therefore, though held in a cast-iron 
chair to keep it 8t<mdy, is supiiorted by a 
wooden sleeper with some “give’* in it. The 
principle of this is easily illustrated. Place a 
nut upon a hard surface and strike hard enough 
to cnick it. Place it now on a thick piece of 
indiarubber ; the same blow will not suffice 
to break it. If railway sleepers were placed upon 
a hard surface, oven they would soon be broken 
up. Sometimes in rough countries they are 
placed upon the cxirth. but then the earth soon 
giv(is way under the hammering of passing 
trains, arid a further objection is that contact 
W'itli earth accelerates the rotting and decay of 
slerqiers. The proper plan is to seat the sleepers 
upon a layer of broken stone called hallast or 
mvtfiL It was discovered by the old road- 
makers Telford and Macadam that stone 
broken into fragnicnts readily fits itself into a 
pretty compact mass, and while the stones rock 
a little under a blow, and thus absorb some of 
its onei'gy, the prtissure is transmitted in rapidly 
widening circles to the substance beneath them. 

Purpose of Ballast. In the same way, 
upon a railway good ballast receives the shock 
from the sleepers and protects the earth beneath 
by distributing the shocks over its whole sur- 
face, thus subjecting the comparatively frail 
earth to pressure of an intensity within its 
capacity to sustain without flinching. It is 
this flinching or movement which must at all 
costs be avoided ; if any material of construction, 
whether it be earth or ballast, will not remain 
where it is first placed, the integrity of the 
structure is at an end. 


^..ompiete immobility is, of course, unattainable. 
The aim of the engineer is to make any movement 
as gradual and uniform as possible ; the effect of 
it will then be rather to strengthen and solidify 
the road as time goes on, provided that the 

packing and renewals of ballast are properly 
kept up. r tr j 

Drainage of the Road-bed. The chief 
tigermy in causing undue and uneven movemetit 
in the road-bed is, again, water. Every pre- 
caution must be taken to keep the ballast and 
the earth beneath aa dry as possible. For this 

^ latter [see 81 

and^ pages 2695 and 2696] so that any water 
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untoring tho ballast may quickly drain away, in 
addition to this, the surface of the ballast over 
the sleepers is sometimes smoothed over with a 
fine material, so that the greater part of a 
heavy rainfall is shed off from tho surface at 
once, and has no time to enter the ballast. 

Description of Ballast. The best 
material for ballast is a hard stone broken into 
irregular fragments of a size sufficient to pass 
through a ring two inches in diameter. This, 
however, is often too expensive to use, and the 


pounded into the earth, at the same time 
unduly depressing the centre part of the line, 
so that a long trough, in which water accumii- 
lates, is formed. This water soaks in and 
softens the middle of the earthwork until tho 
bank may become little better than a raised 
reservoir of mud, liable to burst at any moment. 
Ft is therefore best to allow time for an em- 
bankment to become consolidated before laying 
down ballast, and, in any case, it is necessary to 
ensure proper drainage. 



next best material is clean, coarse gravel. In 
any case, at least a foot must be interposi'd 
bidweon the bottom of the sleepers and the 
ground or formation level in order ofTectually to 
(listribiib? the pressures impos(.*d, and two feet 
is commonly allowed between formation level 
and the top of the rails. In stations and yards 
where men and sometimes horses must walk 
over tho line a great deal, a covering of cinders 
is placMKl over the sleepers almost u]) to tho 
rail level, but in other parts the sleepers are 
often loft uncovered. 

When to Lay Ballast. It is u.sually 
nndc'sirablo to lay ballast dowm upon an embank- 
ment- until some time — perhaps a year — after 
it has been 

c o m p 1 clod . ^ 

Tho rails and 
sleepers may. 
during this 
interval, be 
laid direct 
upon t h o 
earth. Of course, fast traffic camiot be ))ut 
over the lino while it is in this state, but the 
advantages of the method usually outweigh 
this drawback. Tho ballast is most econo- 
mically laid by bringing it up in trucks by the 
engine and dropping it between and beside the 
rails. The sleepers are then lifted and propped 
up, and the ballast packed beneath them. If 
this be done too soon, while the earth of the 
embankment is soft, the soil quickly works up 
into the ballast, or, rather^ the ballast is 


Permanent Way. Tyj)ical sections of the 
])erraanent way of a railway are given in 31 and 33 
1 pages ’2()f)r) and JtiiHi]. In tlnse the ballast is shown 
earric^i out to the eilge of the slope, which is very 
Hat The ballast is, how(‘ver, generally stoppt'd 
short of this. h*aving a margin of about 18 in., 
called the hvrm. or cean. 

Sleepers in this country arc usually of pine, 
9 ft. long, 10 in. broad, and 5 in. deep. Tho 
<*dg€*s .should be squared, because if they are. 
rounded off then^ is danger that they have b(>cn 
cut from a tree not sufficjieiitly large to allow of 
the section being squared, and this is usually 
objected to, since the wood near the bark of 
the tree is unduly encroached upon, and the 

iK'arer the 
wood is to 
the bark of 
the tree the 
softia* it Is, 
and the more? 
liable to 
decay. 

(■hairs to carry the rails arc almost universal 
throughout England. They may weigh ^ (\vt. 
each, and should, in that case, present a lH‘a! ing 
area to the sleeper of 95 s(p in. and a hearing 
area to tlie rail of 10 sq. in. Two varic'tics of 
chairs arc shown in 37. The idiairs are fastened 
to the sleepers by nails, two of w'hich arc often 
of wood. A sketch of those is shown in 38. 
Usually neither are made with any taper. Tho 
keys by which tho rails are wedged into the 
chairs may be made of some hard wood, or 
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preferably of oak, and are commonly subject tc 
pressure l)efore being supplied for use. For a 
f)<) lb. chair thtjir dimensions would be 7 in. by 
.‘{J in. deep by 2 in. thick, the taper being 1 in 16. 

The Position of the Keys. The keys 
arc commonly placed upon the outside of the 
rail, an arrangement by which a more elastic 
road is secured, though at the expense of several 
disadvantages. First of all, there is greater 
ri.sk of the keys becoming loose, and, although 
this may be prevented by inserting keys of com- 
pressed wood in a very dry condition, this intro- 
duces stresses of considerable magnitude tending 
to rupture the chair, and chairs of defective 
(!asting frequently fail from this cause;. Secondly, 
in the event of two or three consecutive keys 
coming out, the gauge of the line is affected in 
a more dangerous way than if the keys had been 
placed inside the rail. Thirdly, when insfK;cting 
a line of way a single; insp(;etor must walk twice 
over the ground, up one side and down the other 



it is well to remember that approximately 
1 in. of difference in the length of the rails of 
the two sides is required for each degree of 
curvature. 


instead of once down the; ct*ntre, which would be 
siifliicient if the keys had 
iKjen placed between the 
rails. 

Rails. The rails in 
such a line ns we arc; con- 
sidering would have* a 
scjctional area of about 
8 A sq. in., and weigh 86 
lb. per yd. They are 
usually rolled in lengths 
of 30 ft., though the 
present tendency is to 
make them longer in 
order to reduce the; num- 
ber of joints ; but when 
heavy rails arc made in 
great lengths it requires 
a large; gang of mcni to 
handle; them. In addition 

to rail, of the normal <0. OAUoiN.rnoRizoNi 
Icmgth, it IS nccc'sHary tw 

provide; a number 3 iu. or 4 in. shorter for the inner 
edge of the ciirvi\s. I’lie object of this is to 
cn.surc that the joint on one rail shall come 
even with the joint of the other rail. The 
l)latelayers therefore in.sert one of these 
shorter rails whenever a curve is reached, and 
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Ltfaying me ivaiis. j no metnou ot laying 
rails is as follows : First 
of all the sleepers are 
brought in trucks or 
waggons, and laid down 
approximately accord- 
ing to eye, 11 to every 
30 f£!, dr as many as 
may be required for the 
spacsing contemplated. 
It is better to make a 
mistake by having too 
many rather than too 
few, since the sleeper 
is not always at hand 
when required. The 
sleepers having been 
thus arranged, the chairs 
are tixed in the proper 
places upon them, first 
L ALIGNMENT OF TRACK »lt;epers which 

are at the extremities 
of the rails. The keys are then driven into the 
chairs of these sleepers, fixing them to the rails 
at the proper distance from their extremities. 

The ends of the rails are then brought oppo- 
site each other, and the fish-plates are loosely 
l)olU;d on to ensure the correct longitudinal 
position of the rail. Small pieces of steel are 
also placed between the ends of the rails to ensure 
that they are fixed at the correct distance apart 
to allow for expansion. The rails being now 
attiichod to sleepers at each extremity, the inter- 
mediate sleepers are shifted about until they are 
as nearly as possible in the positions they are 
ultimately to o(;cupy. Fig. 39 illustrates a gang 
of nien placing a rail length on the chairs. 

The chairs are then slipped into position be- 
tween the sleepers and the rails, and fcwtened 
upon the sleeper. This is done by two men ; 
the first precedes with an auger, boring the 
holers, the second of which follows to drive in 
the treenails. It will be seen that by this 
manner of laying the rails the correct position 
of the chairs upon the intermediate sleeper 
depends upon the straightness of the rails, and 
as the rails are not always perfectly Straight, it 
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frequently occurs that the^chairs are better 
fastened upon the sleepers before the latter are 
placed into position. If this done, it is im- 
possible to get a crooked or bent rail into position 
at all unless the rail laid parallel to it happen 
to be bent in exactly the same way. After the 
permanent way has been laid clown in the 
manner described, the bolte tightened up and 
the keys driven homo, a gang of 10 or 12 men go 
along the line to remove the slight lateral 
unevenness unavoidable at the first laying. The 
men are provided with crowbars [40J, and when it 
is required to shift the lines they stand with 
their backs to the direction in which the move- 
ment is to be made, half the gang on each rail, 
and, putting the crowbar between their legs, 
they make a fulcrum of the ground beneath the 
rail, and so, leaning back together, displace 
it in the required direction. The ganger or head 
of the gang walks about 100 yd. behind them in 
order t/hat he may by looking along the rails bo 
able to tell them readily at what place to stop, 
as well as the direction and the amount of dis- 
placement rc(iuired. Fig. 41 illustrates an in- 
spector gauging the track. 

Essential Features of the Per 
manent Way. It will be seen that the 
(‘sseniial features of the permanent way 
are the rails, the fastenings of th 
rails to each other, the sl(H»pers, the 
fastening of the rails to the sloc'pers 
and the i)allast. ’^^I’Ik'sc are, of course, 
repeated mile after mile over the 
whole extent of the railw'ay. The 
result of so much multiplication is 
to magnify enormously the import- 
ance of any moditieat ion in the 
design or relation of the parts, and 
however slight this may seem it 
rt*quires the closest attention. 

The type of permanent way 
already described is the one that is 
commonly used in (treat Britain, 
and it has been found by experience to answer 
best under the conditions which obtain Iicrc. In 
other parts of the world different arrangements 
and designs have found favour. 

Other Types. In India, where timber 
of all kinds is subject to the attack of white 
ants and other pests, cast-iron pot or plate 
aiKi steel cross sleepers have been us(*d with 
success. In North America the use of chairs 
is almost unknown. The rails are of the 
Viguo'es section already described, and are 
fastened to the sleeper by spikes or nails, as 
explained when treating of the temporary way, 
though, of course, the w^ork is much more care- 
fully executed. 

Weakness of Vignoles Type. A road 
so constructed is most likely to fail by thc^ 
rails spreading, and thus allowing the wheels to 
run off the rails, especially at curve.s, where the 
centrifugal tendency of the rolling stock causes 
a heavy lateral pressure on the outside rail. 
This takes place, not because there is any ten- 
dency for the rail to slip sideways on the sleeper — 
frictional force alone is enough to withstand this — 
but because the rail tends to turn over about the 



edge of fts outer flange and crush the wood 
beneath it, as well as to draw the dog or spike on 
the inside. This tendency is commonly met by 
placing betw^cm the rail and the sh'cper a bear- 
ing plate having holes through which the dogs 
or spikf's are driven. An illustration of this is 
shown in 42. 

General Considerations of Design. 

The several component parts- of the permanent 
way are dependent one upon (be other. To 
carry locomotives of a given weight at a pre- 
scribed speed, no one can be reduced below the 
standard formed by ex^xTience to be sufficient 
without increasing another. Thus, if the weight 
of the rails be reduc(Kl, the siz<^ of the sleepers 
and their number must bo iner(‘ased. And 
both the rails and the sleeper.s mn^d to be of 
greater weight per mile of road if for any reason 
the quantity and quality of the ballast he 
inferior. 

Choice of Ballast. In deciding upon 
the ballast to be used for a new lim\ the main 
consideration is generally llio cost of obtaining 
the various kinds from wdiieh choice c‘an be made. 
Part of the cost of obtaining the ballast 
will \)e the expense entailed in bringing 
it to the spot wliere it is to be laid 
dowm. and this is often aiJ item suffi- 
ciently important to cause different 
typ('s of ballast to he chosen for 
different parts of the railway. In 
building a .single liiu' of w'ay, the 
least (plant ity of liallast that can bo 
employed without involving greater 
disadvantage's than can bt^ com- 
p(‘nsat(‘d for by th(‘ saving to bo 
('ff(‘cted by using less amounts to 
1,7()0 cubic yards per mile, which is 
a cubic yard for each yard of line. 

Ill the absinice of bard, durable 
stone, or satisfactory gravel, slag 
from the blast furnai'.o in angular 
pii'ces is a vea'y suilabU^ material. 
In ])lae(‘s wheiHi every kind of bard substances is 
difficult to obtain, it is often sought to manu- 
facture sucli a substance by burning a locally 
obtained clay. Tn every case in which an 
artificial niatc'rial of this kind is adopted it is 
necessary to make sure that the burnt substance 
is both hard and likelj^ to be durable. And it 
must be reiiK'iubered that many rocks to be 
met with in Natun*, though hard enough and 
tough (aiougli to recpiin* the use of explosiv(‘s 
to obtain them, will nevertlu'less prove most 
un.salisfaetory in u.se. They may softc'ii as tlie 
Jesuit of exposui’c to wet ; they may scale away 
and 's))lit up under the infiuence of frost and 
change of temperature ; or they may, in .service, 
produce an undue amount of dust, tlje effect of 
which is most dtHrimental to the rolling stock. 
Hard lim('.stoncs and sandstom's, and, of course, 
granit(5 and cognate material. Is always to bo 
relied upon. The railw^ay built under conditions 
in which a plentiful supply of such material is 
available is ' a railway built under conditions 
favourable for economy in maintenance. 

Arrangement of Ballast. Many en- 
gineers prefer to found the ballasting of a line 
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on a layer of large stones, and so 
provide a solid foundation upon 
which to place the smaller material 
ii])on which the sleepers rest. Such 
stones, when laid together or packed 
by hand, form a structure known as 
stone-pitckinj. Tliis device is, of 
* course, expensive, and for this reason 
suitable only for exceptional situa- 
tions where, from either the presence 
of an unusual amount of water or 
extraordinary traftic conditions, 
special measures are demanded. 
Experience shows that, unless the 
packing— i.c., adjusting the ballacit 
beneath the sleepers - of the sleepers 
is accompanied by ample renewals 
of ballast these large foundation 
stones are apt to leave their places, 
and in subsequent operations of 
packing to be found near the sur- 
fatHj, if not upon it, and int('rfering 
with this operation, as on account of 
th(ur size they can be fitt<‘d beneath 
the Blee|X‘rs with difficulty. Thin 
disadvantage is accentuated if the 
packed course b(^ laid upon an em- 
iuinkment whi<‘h is not sufficiently 
settled and solidified. As well as 
the ballast bc*neath the shieper, it 
is usual in this country and in 
iiumy other parts of the world to 
cover the sleepers with a finer 
material, reaching to the; lower sur- 
face of the rails and extending some 
inches beyond the ends of the 
sleepers at the sides of the line of 
way. This is commonly referred to 
as hnxiiig-in ballast ; it adds to the 
weight of the permanent Avay, and 
is (!onsidered to preserve the sleepers. 
Doubts have been cast upon its 
utility, and it has lM*cn shown that 
the hoxing-in ballast makes no in- 
cHiase in the resistance of the per- 
manent way to lateral displacement, 
^riic merit of this covering- in 
material as a means of shedding off 
lu‘avy rain has already been referred 
to. It may be added that in practice 
the finer top ballast is very likely 
from want of care to become mixe<l 
up with the layer ballast below it, 
thus reducing the efficiency of both. 

Spacing of Sleepers. The 
distance apart of th(^ sleepers cannot 
well be less than 3 ft. from centre 
to centre, or there will be a difficulty 
in packing the ballast beneath them 
to keep a level line. 'Ilie Americans 
do space their sleepers more closely 
but the latter are rather narrower, 
thus allowing more room for the 
packing tool to be used between 
them, and they ore also shorter. In 
the United States, in fact, timber 
has been relatively cheaper than 
metai, and il is to such variatioiiB 
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in coiilEftions that an engineer must 
look in order to decide what diver- 
gencies from the standard his desi^ 
of permanent way should show. 

'rho spacing of sleepers at the 
places where two lines of railway 
cross one another, or where a line 
of railway bifurcates, is always 
reduced. At such places the course 
pursued by a train is interrupted. 
When two lines cross, there is the 
inevitable jolt at the spot where the 
flanges of the wheels pass through 
the gap in the other lines made for 
that purpose. When bifurcation 
takes place, an angular lateral 
deviation of the course of the train 
is necc.ssarily brought about, creat- 
ing extra pressures that must bo 
met with extra material. A satis- 
factory spacing for sleepers at a 
double crossing is shown in the half 
plan seen in 43. 

Wear of Sleepers. A sleeper 
has to bo removed from the fine 
ultimately, either because, from the 
pressure and vibration of ptissing 
trains, the tibn^s of the wood have 
become separated and broken, or 
b(Hiau8e, from exposure to weather, 
insects, and other influences, it has 
dtM‘ayed. One cause is just as con- 
clusive m the other, consequently 
there is no object in taking measures 
for protecting a slecpcT from decay 
for a period longer than it takes to 
wear it out. 

There an^ several methods of 
prcjsc^rving timber, and of these 
eroosoting is the most common. If 
the wood of which the sleeper is 
('oini)ostd includes any mp ux)od 
of the tree — as the -wood near the 
bark is called — some preservative 
mc^thod is usually essential. If, on 
the other hand, only hard, or heart 
wood, or wood cut from the centre 
of the tree, is contained in it, or if 
the sleeper is to be placed in a 
situation whore the speed and 
density of the traffic is very groat, 
it is often found that preservative 
processes are a useless expense, as 
the sleeper is pounded to pieces by 
the heavy driving-wheels of the 
locomotive before the decay begins. 
The use of chairs between the rails 
and sleepers enables some ecqpomy 
in the section of the rail, and also 
increases the life of the sleeper by 
distributing the pressure upon it 
over a larger area. The life of. 
sleepers is very variable — anything 
from 5 to 20 years, according to 
conditions and circumstances. 

Selection of Sleepers^ 
In this country the supply of sleepers 
ip a special branch of the timber 
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trade. The wood is imporidd for the most part 
from parts of Northern Europe, being cut from 
the forests of fir which abound there. Ability 
to distinguish between spruce and fir at a glance 
is very desirable, as the former cannot be recom- 
mended for permanent structures out of doors, 
though on account of its freedom from large 
knots it is preferred for scaffold poles and such 
purposes. 

Sleepers should be of uniform size, as this 
assists in securing a uniform support to the 
rail. They should have a fairly clean surface, 
since a woolly or ragged surface sometimes 
left by the saw offers a readier harbour to the 
organisms of decay. They should, of course, 
be free from ring shakes, star shakes, and every 
other form of shake. The spiral grain to be 
found in many trees commonly converted 
into sleepers should also be avoided. 

Points for Guidance. The twisted 
fibres frequently cause warping, which inter- 
feres with the proper seating of the sleeper 
upon the ballast beneath. Large knots so 
frequently found in fir are undesirable. They 
constitute, in any case, weak places where 
they occur, and when at or close to the part 
of the sleeper in which the spikes must be 
driven they afford reason enough for rejtjoling 
the sleeper for any but temporary purposes. 
The colour of the knots is in fir an indication of 
the quality of the wood. 

Bright knote are signs of 
robust growth and 
plenty of resin, which 
discouragt's or- 
ganic life. Dull, 
dark knote have 
a contrary signi- 
ficance. Sleepers 
which have not undergone a preservat ive process, 
such as vulcanising, creosoting, burnettising, 
kyanising, etc., should he void of all sap wood, 
or their d\irability will be very short. Slec|)ers 
which have been so treated may contain sap 
wood, but it is important to make sure that the 
whole of the sap wood has been reached by the 
process which is intended to preserve it. 

Varieties of Sleepers. Specifications 
sometimes require that but one sleeper shall be 
cut from a single length of tree trunk, thus 
forming what in the United States of America 
is called a pole-tie. The centre of the tree is 
then the centre of the tie or sleeper. Such 
sleepers are considered to be particularly long- 
lived. 

A slab-tie is one of two cut from the same 
length of tree trunk, the centre of the tree 
coming at the centre of one of the faces of the 
sleeper, and this face should be placed upon the 
ballot when the sleeper is in position on the 
line. The expression quarter-tie in the light 
of the above explains itself. None of these 
distinctions are of great importance when a 
process preservative of the timber has been 
adopted. 

In the Colonies, and for light railways in this 
countiy, it is not uncommon to use half-round 
sleepers. This is simply a trunk cut in halves 


longitudinally, and the bark removed. It is 
always important to see to the latter even in the 
roughest construction, since fermentation is apt 
to bo set up within the bark, which quickly 
leads to the destruction of the wood. 

Sleeper Dimensions. Although the 
standard dimensions for sleepers in the United 
Kingdom are 9 ft. by 10 in. by 5 in., thes-* sizes ^ 
are not always followctl In other countries, even 
when the line is of our standard gauge — 4 ft. 8.Jin. 
In America from 8 ft. to 8 ft. 6 in. is more usual 
for the length, 8 in. to 9 in. for width, and (i in. to 
7 in. for depth. American sleepers are therefore 
shorter, narrower, and deef>er than ours. The 
reduction of length has already been referred 
to. It is partly explained by the fact that the 
earthwork on American railways is oft-m 
skimpcnl, and there is no room for a longer tie. 
The reduction of width enables the sleepers to 
bo placed closer from centn^ to centre than 
ivould otlierwise bo the ca.:,e, and in tlu^ absence 
of a chair avoids too long a bearing siirfai’o 
for the rail. It will easily be understood that 
the tendency of the rail to bend under the weight 
of th(‘ train passing over it causes it to bear 
with uneven pressure upon the sleeper. The 
pressure is greatest first on one edge of the sleeper 
and then on the other. 

Supporting the Rail. The broader the 
sleeper, or the longer the piece of tlu) rail 

that hoars upon 
the sleeper, tlie 
more aecen- 
tuatcil is this 
effect, with the 
result that the 
sleeper rocks on 
the ballast and 
woi'ks itself loo-Ac, 
while the rail works on the sletqicr and cuts 
across its fibres until tlu^ spikes get loose. 
The introduction of a bearing plate, *as ex- 
plained and illustrated [42], obviates the latter, 
but- not the former tendeney. A complete 
remedy is only to be found in the chair, which 
not only permits the use of a broad sleeper, but, 
by distributing the pressure of th(^ rail over 
the whole surface of the base of the chair, 
enables the us(; of a sleeper not so stiff as i.s 
found necessary in America, where the sleepers 
are shorlta’ and more numerous. The explana- 
tion of this divergence of practice must be 
sought in the relative cost of materials. A 
little reflection will show that by means of the 
same weight of timber a larger bearing surface of 
the sleepers upon the ballast would be effected in 
England in comparison with the usage in America. 
Thus, timber is economised at the expense of 
the cast iron used for the chairs. 

Treatment of Sleepers. A usual 
length for sleepers is one and three-quarter 
times the width of gauge. When building a 
line of railway through land upon which timber 
suitable for sleepers is growing and avail- 
able for the purpose, at economical prices, 
it is well to provide that thejr shall bo hewed 
on two sides, that the two sides thus hewed 
shall bo parallel, and that all bark shall be 
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n^mov(;d and the ends sa\vn off square. The 
should )»c felled as far as possible in mid- 
winter ; midsummer is the next best season, 
rhe sleepers should be piled up along the line 
7 ft. or S ft. from the rails. The piles should 
r st on two pieces of waste wood or defective 
s.leep(‘rs, and should consist of layers of sleepers 
])huied alternately in directions at right angles 
with each other, allowing jilenty of space for 
the circuiation of air Ix^tween. The sleepers 
should be so piled six months, if possible, before 
they are laid down. 

Life of Sleepers. In deciding the quality 
of sleepers to be adopted upon a line, it is 
necessary to form some opinion rc'garding the 
probable life of the various kinds from which 


that it remains a longer time before it must be 
renewed, thus obviating the necessity of uk) 
frequently disturbing the track, and in this way 
favouring smooth running of the trains and less 
wear and tear on the rolling stock and permanent 
way. 

In Great Britain, where timber is dear and 
money relatively cheap, preservation of sleepers 
is almost universal. In Canada, where contrary 
conditions obtain, the reverse is the rule. 

Longitudinal Sleepers. The subject of 
sleepers cannot be dismissed without referring 
to th (5 system of longitudinal sleepers, which at 
one time had a great vogue, and is not yet 
entirely abandoned ; particularly as the reason 
which led to their adoption and the reasons that 
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ehoiee may be made. If a hard- wood sleeper 
is expected to last twice as long as another 
and is quoted at a price half as much again, it 
becomes a matter of calculation which is really 
the cheaper of the two ; the calculation 
should not bo evadt'd because the data upon 
which it must be based is usually somewhat 
vague in its character. The sanu' Hp])lies to 
processes of preservative treatment. The life 
of an untreated soft-wood sleeper may be six 
or eight years, and that of the same sleeper 
properly preserved 12 or 14 years in similar 
situations ; upon this an estimate of the relative 
economy of the two may be based, remembering 
that the longer-lived sleeper has this in its favour, 
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have since determined their abandonment are 
good examples of how changes in conditions 
affect railwaj'’ design. 

An illustration of the longitudinal sleeper and 
the form of rail associated with it is given in 44 , 
and also in the reproduction of the photograph 
[45 1. Large balks of timber arc placed lengU^ways 
b<*iu'ath the rails, giving continuous support. 
The sleepers arc connected every 6 ft. or 8 ft. by 
transoms of wood, 4 in. by 6 in. These are 
notched into the sleepers and held by bolts, so 
that the gauge of the line may be maintained 
with certainty. Thin pieces of hard wood are laid 
with the grain crossways between the rail and 
the sleeper; to prevent the latter being cut into. 
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Of course these large balks of timber, having 
to be cut from large trees, are relatively more 
expensive than the smaller wood that is used for 
cross sleepers, and drainage is more difficult, as 
water tends to nin along the line of the sleepers. 
This involves better ballast and more of it. 
These considerations have been found to out- 
weigh its manifold advantages, and have brought 
about its disuse, at all events for the time, 
cogent reasons are found 
in the cumbersomeness 
of the heavy timber, and 
the necessity of remov- 
ing a whole rail when a 
sleeper had to be re- 
placed in making repairs 
on the lino. Reference 
to the . satisfactory 
nature of the joint that 
is made possible by the 
use of longitudinal 
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STEEL SLEEPER IN PLAN AND SECTION 


sleepers will be made in dealing with the subject 
of rail joints generally. 

Iron Sleepers. An immense variety of 
iron sleepers have been devised. In some, the 
sleeper and rail have been combined in one 
longitudinal piece. In others wrought-iron 
rails have been joined to cast-iron posts. One 
of the most used forms is the steel sleeper shown 
in 46. The illustration explains itself, ^fhe 
arrangement is very useful for temporary work, 
as it is very light. There arc cases also where 
the material for the permanent way has to be 
transported so far that* the saving 
in freight of the lighter weight of 
steel sleepers has caused their 
adoption. Under ordinary circum- 
stances, however, the relative prices 
of wood and steel being what they 
are, the use of steel for sleepers is 
not economical for the permanent 
way, unless, as in certain trojiical 
countries, the white ant, or some 
analogous pest, is to be contended 
with. In such situations, it is also 
advantageous to use steel keys in 
the chairs, if the design of the per- 
manent way adopted requires the 
use of keys. In fact, keys being in 
many situations more exposed to 
the attacks of animal and vegetable 
organisms than sleepers, it is often 
found economical to use steel keys 
with w'ooden sleepers. 

Function of Rails. Rails 
give the name to the whole con- 
struction. All bridges, earthworks, 
and stations owe their existence to 
the rails, and the remainder of the 
pemaanent way is there for the purpose of sup- 
' portin^hem. A railway consists essentially of 
; aothing4nore~than two strips of metal pv^r which 
the wheels of the rolling sjbock mav run smoothly 
and easily. B^ing constructed of steel, rails are 
able to withstand the blows and abrasion of all the 
passing traffic concentrated upon the narrow 
surface they present to it. The excessive pres- 
sures to wnicn this surface is subjected, which 


under fast traffic would quickly destroy any 
substance weaker than steel, are, by the arrange- 
ment and design, so spread out in transmission 
that they reach the earth below sufficiently 
diminished in intensity to bo without appreciable 
effect upon it. 

The earliest iron rails were simply strips of iroiv 
laid down upon wooden stringers with tne object 
of reducing the amount of wear which obtained 
with rails made entirely 
of wood. It still remains 
a most important part 
of the function of a 
modern steel rail to pro- 
vide metal for the wear 
occasioned by the traffic, 
but its function has long 
b(‘cn very much ex- 
tended. A rail must 
offer a sufficient resist- 
ance to bending under 
a pressure from above to enable that pressure to 
be extended over several sleepers. Thus the 
blow delivered upon the rails by a jolt of an 
engine, which is received at -the surface of the 
rails on the minute area over which the wheels 
are in contact witli the metals, comes to bo dis- 
tributed over an area as broad as the permanent 
W'ay itself and longer even than it is broad. 
This is so important that it must be insisted 
upon even at the risk of repetition. Just as a 
battleship is armoured against the blows of shot, 
the earth is armoured against the blows of the 
engine, otherwise it would be des- 
troyed very quickly. 

Sections of Rail. The two 
most common sections of rail, the 
Bull-head rail and the Ft^nofe^,. are 
shown with dimensions in 47 and 
48. It will bo easily understood that 
a very minute divergence in the 
form of the cross-section being con- 
tinued throughout the mileage of a 
railway becomes a matter of great 
importance, Kach square inch in 
the cross section accounts for 10 lb. 
per linear yard, so that in weight of 
material alone a small difference 
may greatly affect the cost. Conse- 
quently, it is important that the 
cross section of the rail should be 
designed so that every portion of it 
may contribute equally to the useful 
work of the whole. In order to 

27 ;^- allow for the quick wear, rails that 

' ' will have to bear a very great deal 

of traffic, though not heavy fast 
BULL-HEAD BAIL traffic, will need a greater propor- 
tion of metal in the head of the rail 
< than would otherwise be provided. Rai Is that are 



to bo laid down in thinly populated districts are 
'apt to suffer more from rust than other causes. 
In such a case, and whore the rails may bo 
subject to the action of corrosive gases and 
other causes of decay, a greater comparative 
weight of metal in the web — the portion which 
joins the upper and lower flanges— will conduce 
to a longer life. 
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Tlic Vignoleft rail, for all round purposes, is 
iLsiially roiled with 42 per cent, of the metal in 
ftie liead ; 21 per cent, of the metal in the w'eb ; 
and 37 per cent, of the metal in the foot or low'er 
flange. With the hull-head rail practice is 
not so constant. The similarity of the upper 
and lower flanges in this case naturally suggests 
that the rail should bo made reversible, so 
that when the metal provided for that purpose 
is worn off the head, the rail can be turned over 
to present anotluT new surface to 
the abrading action of the wheels. 

I’his plan has often been tried but 
not continued . By the time the upper 
flange or head has been sufficiently 
worn to require the turning of the 
rail, the pounding of the traffic has, 
by hammering the lower flange upon 
the seat of the Chair, so indented and 
fatigued the metal that it is no 
longer in a condition to serve as tlu? 
head of the rail. Tt requires the 
passage of 15 to 25 million tons to 
wear away in. — i.c., 1 lb. per yard 
(linear) — off a steel rail. 

Wear on Curves. Rails laid 
down on curves of the line are sub- 
jected to 8j)ccial w'car. Tlu^ w'Ik'cIs 
of a railway’s rolling stock are not 
arranged like those of 
road carriages. The w heel 
of a road vehicle turns 
round on its axle inde- 
j)endently of tlu^ otluT 
wheel. The wheels of 
railway carriages and waggons are, on the con- 
trary, fixed fast to the axles, and it is the latter 
that revolve in bearings provided for the purpose. 
This allow'S of a much stronger conairuction, but 
a result is that the tw'o wheels fixed at each end 
of the axle are no longer independent, and must 
turn together or scrape along the rail. 

In going round a curve it will easily bo seen 
that om? whetd (that on the outside rail of the 
curve) has further to go than the other, con- 
sequently one or both 
of them must slip. 'Hits 
slipping action lia.s a 
very important influence 
in deciding the align- 
ment of a railway. On a 
six-degree curve it may 
double the wear on the 
rails and alTect the wheel 
fiangea to an even 
greaU?r degree, besides 
increasing the force re- 
quired to draw the train. 

Tho effect of wear dut» 
to this action which obtains on curves is showm 
in 60. Tho effect of wear on straight portions 
of the lino is show’ii in 49. Wear is most 
marked on tho outside rail against the inner 
side of which the flange of the w'hccl is driven 
bjr what is known as centrifugal force. The 
grinding of the flanges of tho wheels wears 
away the head of the rail at the side as well as 
at the top of the head. But the inside rail 
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is also ground in a less degree, because as the 
rectangle formed by the lowest points of the 
four wheels of a truck is going round a curve 
it has a tendency to stick, as any other square 
body that just passed easily between two 
parallel walls would tend to stick or jamb if 
the walls made a bend. Altogether the wear 
on tlio rails duo to curvature amounts to 
about 4 lb. per degree of curvature, per linear 
yard per 10,0()0,0(X) tons passing over it in gross. 

Length ot‘ Rails. Though the 
most usual length for rails is 30 ft., 
lengths of 45 ft. and even 60 ft. have 
been made and used, and warmly 
advocated. 

Obviously, the longer the rail, tho 
fewer the joints ; and joints are a 
source both of weakness and expense 
to a railway. Of course, increased 
length giv(‘8 increased weight, and 
rails of a large cross-section arc very 
heavy to handle. This, how^ever, is 
not sufficient to balance the advan- 
tage of fewer joints. The chief draw- 
back to very long rails lies in tho 
difiiculty of providing means for ex- 
pansionVlnc to change of temperature. 
Long rails 


•V- 


value only 


48. V1(;]S<)LES RAIL 


W EAU OF RAIL ON 
STRAKUIT TRACK 


are therefore of special 
in situations Avlicre the 
range of possible tern- 
p(*ratures is moderate. 

In laying down the 
permanent w^ay the plato 
layers place a small piece 
of mc'tal, which is often 
called a fihhn, between the ends of the tw'O rails 
at each joint to ensure that they shall be laid 
at a distance apart suitable to allow for tho 
changes of length brought about by variations 
of Uunperature. Where 30 ft. rails are being laid, 
the thickness allow^ecl may be in. for the 
coldest weatluT and jV in. for the very hottest. 
About in. is required for every 21^ F. in tho 
range of temperature. 

When laid upon a curve the length of one 
rail must be in- 
(rreas<‘d or rediK'.ed 
a little, or, since the 
inner rail is tlui 
shorter of the two, 
the joints on this 
rail will gain upon 
the joints on tho 
outer rail. If o be 
the angular diver- 
gence of the curve 
and r ft. tho radius 
of t he outer rail, tho 
. , difference in l^jigth 

willol .'lously amoimt to 0 r - 0 (r 4 83) for a 
lin« of Htendard gauge. Thus the differenco 

tor each degree becomes = -084 tt. or 

1 in. nearly. Hence, it is common to provide 
a number of rails cut 4 in. shorter than the 

rc.st, i.e. 29 ft. 8 in., and to allow three for 

every 12 degrees of curvature. 



WEAR OF RAIL ON A 
( URVEI) TRACK 


R.W.^WESTERN 



6R0UP 9-LITERATURE ' THE IMPERISHABLE RECORD OF THE MIND-CHAPTER 22 

The Prose Fiction of the Victorian Era. Bulwer-Lytton, 

Disraeli, Thackeray, Dickens, the Brontes, and George Eliot. 

FROM SCOTT TO STEVENSON 


I F We ever had any measure of doubt 
as to the importance of the novel in 
the literature of our country, We could have 
gone but a little way in the study of 
nineteenth century fiction ere we realised 
that one of the chief glories — if not, 
indeed, the chief glory — of English letters 
during that period was the novel. We 
have seen liow the novel originated, how 
it was acclimatised in England, and how 
in the prose fiction of Scott it reached, 
so soon in its history, the very height of 
its possibilities. In the present study We 
shall follow its development from the 
time of Scott to the close of the last 
century, but confining our attention 
only to the novelists whose careers have 
been rounded off by death. The 
most striking fact disclosed by this 
survey is the evolution of what was 
originally a form of amusement into 
an instrument of social, political, and 
religious propaganda. One often hears 
about “ the novel with a purpose,'' 
as though it were a new thing, but 
long ago Dickens and Charles Rcade 
proved that the novel was a power- 
ful means — perhaps the most powerful--- 
of awakening the conscience of the 
nation. Although the novel with a 
purpose has flourished, and still flourishes 
with us, there are signs, towards the 
close of the period dealt with, of a 
return to romance. 

One of Scott’s contemporaries and 
followers in fiction was John Galt 
(b. 1779 ; d. 1839). Galt wrote a long 
series of Scottish tales, and was the real 
progenitor of the so-called Kailyard 
School " of Scots fiction, which came 
so much to the front in the last decade 
of the century. The pathetic “ Auto- 
biography of Mansie Waugh," often 
attributed to him, was, however, the 
work of David Macbeth Moir (b. 1798 ; 
d. 1851). James Justinian Morier 
(b. 1780 ; d. 1849) also wrote several 
Oriental romances. In " The Adventures 
of Hajji Baba in Ispahan " his intimate 
knowledge of Persian life is displayed 
to manifest advantage. 


The art of romance Wilting is also Well 
exemplified in " Salathiel," " Talcs of the 
Great St. Bernard," and " Marston," 
of the Rev. George Croly (b. 1780 ; 
d. i860). John Wilson (b. 1785 ; d. 1854), 
the " Christopher North " of " Black- 
wood’s Magazine," Was, like Galt, a 
follower of Scott. His " Lights and 
Shadows of .Scottish life " and " The 
Trials of Margaret Lindsay," on which 
his reputation as a fiction writer may 
be said to rest, are, however, but little 
read today. Thomas Love Peacock 
(b. 1785 ; d. 1866) poured no little wit 
and knowledge of character into the 
seven novels which stand to his name - 
" Headlong Hall," " Melincourt," " Night- 
mare Abbey," " Maid Marian," " The 
Misfortunes of Llphin," " Crotchet 
Castle," and " (irvil Grange." In these 
works whimsical humour is set off by the 
songs and lyrics scattered through them. 

P'rances Tkollopic (b. 1780; d. 1863), 
the mother of Anthony Trollope, was an 
industrious writer, and her books appeal 
to students of the manners and the 
temper of one of the most interesting 
periods of modern Pmglish history. Susan 
Edmonstone Perrier (b. 1782 ; d.. 1854) 
was a caustic but kindly, hearted delin- 
eator of old maids, pretty inanities, 
gauche doctors, and mock heroes. like 
Maria P-dgeworth and Fanny Burney, 
Miss P'errier, in " Marriage," " The 
Inheritance," and " Destiny," laid bare 
the " humours " of her time. A gifted 
satirist of her sex, she found a wealth of 
material in the society amidst which she 
moved in Edinburgh. 

The character not less than the literary 
gifts of Lady Morgan (b. 1785 ; d. 1859) 
are well illustrated in her novel, " The 
Wild Irish Girl." Mary Russell Mit- 
ford (b. 1787 ; d. 1855) wrote " Our 
Village," a series of delightful sketches 
which enshrine the life of the little hamlet 
of Three Mile Cross, near Reading, with a 
fidelity -borrowed from Crabbe, a smooth- 
ness that recalls Miss Austen's pictures 
of Steventon, and a pleasant humour 
that Was all her own. 


ENGLISH LITERATURE, FOREIGN CLASSICS. AND JOURNALISM 
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The Romance of the Sea. The modem 
novel of the sea saw its development in the hands 
of iMicjiael. Scott (b. 1789; d. 1835), author 
of “Tom Cringle’s Log” and “The Cruise 
of the Midge,” two of the best sea stories 
ever written, though discursive and lacking 
literary grace ; Jamks Hannay (b. 1827 ; 
d. 1873); Kdward Howard (d. 1841), who 
wrote “Rattlin the R<‘efer ” ; and culminateil 
in the extravagant but j)0]3ular romances 
of Captain Frederick Marryat (b. 1792 ; d. 
1848) and William Henry (Ules Kingston 
(b. 1814; d. 1880). Marryat’s “ Peter Simple,” 
“ Jacob Faithful,” and “ Mr. Midshipman Easy ” 
are perhaf)s the best and most popular of his 
many works. Their author owed much to bis 
study of Smollett, whost^ intluenec' is also 
revealed in the novels of Theodore Edward 
Hook (b. 1788; d. 1841), the author of “Jack 
Brag.” Hook’s gift for satirical caricature was 
probably not without intluenec* on Dickens. 

Richard H.vkris Barham (b. 1788; d. 1845), 
author of the ev(‘r entertaining “ Ingoldsby 
Legends,” and friend and biographer of Hook, 
wrot(‘ one nf>vel in his later years, “ My (’ousin 
Nieholas.” MARfJCERiTE, “ tlie most gorgeous” 
(JoHNTESS OF Blesstnijton (I). 1789; d. 1849) 
was th(* butterfly of a drjy. Her numerous nov(‘ls, 
together with I hi* “ K(*(‘psakes “ and “Books 
of Beauty ” which she <‘dit(‘d, are now forgotten. 
The v(*il of oblivion has also fallc'U over the 
historieal novels of Anna Eliza Bray (h. 1790; 
d. 1883). Edward John I’hei.avvnev {b. 1792; 
d. 1881), till* friend of Shelley and Byron, will 
long be remembered through his d(*lightful 
“ Adventures of a Younger Son.” 

The Romance of War. With William 
Hamilton Maxwell (h. 1792; d. 1850) we 
come into touch with a school of miliiary 
novelists which also ineluil(*(l (tKokoe Robert 
Clkig (b. 1790; d. 1888), (’iiARLEs James 

Lever (b. H’Oi; d. 1872), author of “Charles 
O’Malley ” and some tbiee dozen other rollicking 
Irish stories, many of them extremely enter- 
taining and extr(*mely untrm* to life, and 
J.AMEs” Crant (b. 1822; d. 1877), of whose 
tifty-odd works “ The Romauci* of War ” and 
“Adventures of an Aide-(]e-(\imp ” arc still 
worth reading. T’he “ Traits and Stories of the 
Irish Peasantry” well represent Wilijam 
(’arleton (1). 1794 ; d. iStiO) ; and of the writings 
of Samuel Lover (b. 1797; d. 1808), another 
Irish novelist, “ He \Vould be a Gentleman ” and 
“Handy Andy” are among the best. John 
B.anim (b. I8'0;d. 1842) and Michael Banim 
Ml 1796; d. 1874) I’ollabiaated in “ The O'Hara 
rale.s,” a series of melodiamatic stories illus- 
trating Irish life, which is also reOeeted in the 
novels of Mrs. S. Carter Hall (b. 1800; d. 1881). 
Mary Wollstonei raft Shelley (b. 1797 ; 
d. 1851) wrote in “Frankenstein” a novel 
which, despite its horrible theme — the creation 
by a student of a semi-human monster— - 
posHvfises suflieient of the element.^ of human 
interest to preserve it from obliAUon. 

A Word on Melodrama. The historical 
novels of Gi.oRCJE Payne Rainsfobd James 
(b. 1799 ; d. 1860) possess little interest today 
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save that they illustrate how a man with sound 
knowledge, but little imagination, may imitate 
the example of such a genius as Scott without 
conveying a scintilla of the vivacity or charm 
of the model. Much the same may be said of * 
the romances of William Harrison Ainsworth 
(b. 1805 ; d. 1882), except that Ainsworth may 
be coasidered as the father of the novel which 
depends upon a succession of exciting incidents 
for its popularity — that is to say, the melo- 
dramatic novel. Much of the fiction which is 
most j) 0 |)ular today is sheer melodrama, and 
possesses no likeness to life. Merely to invent 
“situations” and heml the whole tale to fit 
these incidents is to produce a low*, but popular, 
because readable, form of fiction. 

George Borrow and Others. Passing the 
one novel (“ Deerbrook ”) of Harriet Mar- 
tineau (b. 1802; d. 1876), and the essays in 
fiction of Dougla.s William Jerrold (b. 1803 ; 
d. 1857), we find much that is worthy of careful 
study in the works of George Henry Borrow 
(b. 1803; d. 1881), whose “ Lavengro ” and 
“ The Romany Rye ” did so much to inspire 
“ the renascence of wonder.” They are made 
classical by the virile simplicity of tlieir .style. 

The Novels of Bulwer - Lytton^ 
Edward George Earle Tatton Bulwer- 
Lytton (1). 1805; d. 1873) was, in a sense, a 
parent of the penny novi'letti*. With a versa- 
tilify akin to genius, he turned bis band to many 
kinds of literary work, and sueeeedi’d, for a lime 
at least, in nearly all that he attem])tcd. There 
were two (‘xceptions he failed as a poet and he 
made a sad hash of liis private life by an ill- 
ad viseil marriugi*. One of the iriost promin(*nt 
and, during bis lifetime, one of the most popular 
of the Victorian novelists, he j)lay(*d a part in 
fiction similar to that play’cd by Byron in poetry. 
He po.sed as the man of the world in “ Pi*lham,” 
as the man of feeling in “ Ernest Maltravers ” 
(which Miss Barrett admired against Browning's 
severer judgment), and as tla* man of mystery 
in “ Zanoni.'’ The nov(*l of horrors has in 
“ A Strangi* Story ” a supreme example ; than 
“The Haunted and the Haunters,” eontribiited 
to a magazine which bad hailed Lytton as a 
charlatan, no better ghost story has been 
written. Lytloii (*ssayefl the historical romance 
in “ J’he Last Days of Pomjreii,’' “ The Last of 
the Barons,” “ Rii'iizi,” and “ Harold ” ; the 
criminal novel in “ Paul Clifford ” and “ Eugene 
Aram ” ; and the novel of domestic life and 
ambition in “The (’axtons,” “ Mv Novel” 
and “ What Will He Do With It ? '’* 

Tt is (*asy’^ to eondemri Lytton, as it was 
easy, once the trick of his stylo had been 
caught, to imitate or to satirise his ♦•work, 
but this work has a certain importance for 
the student of literature of the period in which 
Lytton wrote, and of the evolution of the 
Eiiglisli novel. For a time Lytton’s succcs.s 
eclipsed the popularity of Scott; that Scott 
came to hi.s own again, and that Lytton now 
occupies a comparatively minor place in English 
letters are facts the reasons for which will soon ' 
be fairly obvious to any conscientious student. 
Robert Smith Surtees (b. 1803; d. 1864)— 
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“Jorrocks” — ^wrot© a number of sporting (b. 1810; d. 1865). Mi-y. Gaskell’g “Mary 

sketches which arc believed to have suggested Barton,” a story of factory life, and “ Cranford ” 

to Dickens the plan of the “ Pickwick Paj^ers.” form a link between the work of Jane Austen 

Lord Beaconsfield as a Novelist, "f CharloUc Bronte, whose life Mrs. 

A writer who, with Ainsworth and Lytton, Gaskell wrote with conspicuous success, 
came under the lash of Thackeray's pungent The Two Aspects of Thackeray, 
satire, but who was a much greater man than William Makepeace Thackeray (h. 1811 ; 

either, was Benjamin Disraeli (b. 1804 ; d. d. 1863) has to be considered, as JScott is con- 

1881). Disraeli’s career and versatility attord sidered. in two aspects — as a groat novelist and 

a parallel to the life and activities of I^ytton ; as a groat moral influonco. No one who knows 

but the author of “ Vivien Grey,” “ The Young his Thackeray can (n or misintorprot the meaning 

Duke,” “ Contarini Fleming,” “ Henrietta of the word “ gentleman,” or, with Thackeray 

Temple,” “ Venetia,” “ Coningsby,” “ Sybil,” in his mind, fail to distinguish the real from the 

“ Tancred ; or, the New Crusade,'’ “ Lothair,” sham in oharactor or in sentiment. Thackeray 

and “ Endymion ” won greater distinction as has been lightly e-alled a cynic. The word, 

a statesman than as a novelist, and his works applied to him. is wholly misused. No writer since 
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are valuable chiefly as so many keys to the secret Scott had so true or gentle a heart as lhackcray 

of his extraordinary progress from obscurity had, and his works arc indeed, like Scott s, 

to nowor and place. “Coningsby,” “Sybil,” “ a liberal education.” At the same time there 

“ Tancred,” “ Lothair,” and “ Endymion ” is a great deal of force in the contention that 

possess permanent interest for every studen* while Thackeray saw, loved, felt, and makes 

of nineteenth century politics. us love the higher, brighter, purer side of life, 

ho had a surer hand when de[>icting what was 
Mrs, Gaskell and Others. Betw'cen base and artificial. For explanation of this w(^ 

Disraeli and the next great figure on our list must look to the political and social circiim- 

eomes the names Samuel Wabeen (b. 1807 ; stances of the time in which ho lived and wrote, 

d.> 1877),' the- author of “ Passages from the and to his jK^culiar sensitivem’ss to all around 

Diary a Late Physician ” and ” Ten Thousand him. Thackeray was no cynic, but he is the 

a Year ” ; Anne Manning (b. 1807 ; d. 1879), greatest of English satirists, a man who gibbeted 

who wrote a series of tales of sixteenth century snobbery for all time, having first of all dissected 

life; Philip Meadows Taylor (b. 1808; its anatomy and laid its organs bare, and he 

d, 1876), the author of several capital tales must be judged as a purifying moralist whih^ 

of Indian life, including the “Confessions he is being judged as a historian and a 

of a Thug ” ; and Elizabeth Cleghobn Gaskell novelist. 


2839 


GROUP G-LITBRATURE 

Thackeray’s Realism. With Thackeray, 
pJiiloscijjhy first showed itself in English fiction ; 
by the side of his work, what Lytton passed off 
as philosophy is seen to be mere affecta- 
lion. Of Thackeray’s novels, ‘T(‘ndennis,” 
“ Esmond,” and ” The Newcomes ” arc unques- 
tionably the master|)i(*eeH. They reflect life. 
As I rofossor Saintsbury says : Every act, 
(ivery scene, every person in these three 
books is real with a reality which has been 
idi‘aliH(^d just up to, and not beyond, the 
nee(*ssitieH of likTature. It does not matter wliat 
the acts, the s(;em*s, the personages may be. 
Whether we are at the height of romantic 
passion with Esmond’s d(*votion to Beatrix, 
and his transactions with the duke atul the 
prince over diamonds and title-deeds ; whether 
the not(‘ is that of the simplest human pathos, as 
in ( -olonel Newcome’s deathbed scene ; whether 
we are indulged with soeiedy at Baymouth and 
Oxbriflge ; wln'ther we take ])art in Marl- 
borough's campaigns or assist at the Back- 
kitchen we ar(‘ in the Hoiise of Tafe, a mansion 
not too frcquf'ntly opened to us by the writers of 
prose fiction." Of the much-debated “ Vanity 
Eaiir ” it must suffice' if we say tliat it admirably 
ex(‘fn[ilifi<*s Thackeray's cr(H‘<l. which, simply 
put, is that goodtioss, howe'ver it may be seorni'd, 
is its own sufficient gn'af reward. One of the 
giants of English letters in the last century, it 
is, of course, unnecessary to insist that the whol(‘ 
library of Thaekc'iay's works must attract the 
student and th(‘ g(‘neral reader alike. 

Charles Dickens. Before turning to 
the -works of Ohaht.es Dickens (1). 1812; d. 
1870), the young student eonld not do better 
than read the “ Lih- " of Dick(‘ns by Forstt'r. 
Although oft(*n eritieised, it is an excclkmt 
biography, ample in its information, intimate 
in its knowledge*, and the reading of it is wonder- 
fully stimulating. VMiat multitudes beyond all 
eomputatioii have bc'cn helped to smile through 
their tears and to take their courage in both 
hands under the inlluenco of the inimitable, 
imp(‘rishable humour of diaries l)iekens ! 
Dickens saw the soul of goodness in things evil ; 
his was the saving grace of humour; and his 
books, appealing to a far wider circle than the 
w'orks of 'I’haekeray. are among the best examples 
English literature has to show of the* novel with 
a pur])ose. Where Thackeray inspires our 
admiration, Dickens (‘onqiels our love. He haj>« 
i*nshrined in his wonderful portrait gallery not 
only the short and simpli* annals of the poor of a 
period happily now no more, but he has .shown 
us the possibilities of goodness and of happines.s 
CA'^eii in the most unlikely eircaimstanees and 
eharaeters. He has moulded and fashioned 
common clay till we see its ivlatiortship to that 
which goes to the making of the firu'st jiorei'lain. 
Through him the rich have come to upderstainl 
the poor, and tlio poor have arrived at a clearer 
realisation of themselves. 

Dickens’s Merits and His Limitation. 
Dickoiw was “ self-educated ” ; he had obvious 
limitations, but his absolute genius is even more 
pronounced tlian that of Thackeray, of whose 
pictures of high life Dickens’s transcripts from 
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humble life may be said to form a necessary 
counierj>art. rndirectl3% Dickens may be taken 
as a warning by the young writer. When Dickens, 
as in “ Oliver Twist,” wrote of what he knew, ho 
fashioned for himself a permanent niche in the 
ttmiple of fame. When, as in “ Bleak House,” 
he attempted to illustrate a phase of life wdth 
which he was unacquainted, he failed sadly. 
After reading the ” Lib' ” the student should 
read “ David (Jopperlield,” which is largely 
autobiographical. Of Dickens’s novels it has to 
bo said that they are ebiotly talcs of town life; 
that, in the main, their ]}lots .are indifferent, 
though he is not laerking in the element of dmma ; 
and that their success depends upon their 
character studies or “ humours,” as Jonson 
would have called them. As he wrote so largely 
of social conditions which hav^o passed away, 
later generations may find their interest in his 
works less readily excited than was th(‘ case with 
our fathers, but his novels are among the 
imperishable pos-sessions of our national litera- 
ture, and command the attention of every 
stud(‘nt of English fiction. 

From Reade to Kingsley. (hiAKLES 
Bkadk (b. 1811 ; d. 1884), who, like Dickemj, 
‘’wrote with a purp»)se," but who, unlike 
Dickens, was a scholar of no nanin attainments, 
attacked piison scandals in “ It is Never Too 
Late to McTid," ])rivate lunatic asylums in ” Hard 
Fash,” and coflin ships in “ Foul Play.” He 
has left us a vivid picture of industrial life in 
“ l^it VoTirself in TTis JMaec,” but his greatest 
book is indubitably “The Floister and the 
Hearth," a mcdia.'val romancu? based on the 
” Folloquies ” of Erasmus. JosKni Sheridan 
Lk Fanu (b. 1814 ; d. I87.‘i) was an Irish novelist 
with a strong bent towards the ‘’uncanny.” 
He wrot(‘ some sixteen books in all, of which 

Uncle Silas " is |)erhaps the best. No one 
ha-s exeellt'd him in the writing of the ghost 
story; not ev(‘n R. L. Stevenson could ‘‘achieve 
llu* gnu? with such weird success as Le Fanu. 
Anthony Troeeohe (b. 1815; d. 1882) sh add 
be approac;h(‘d tirst of all in bis “ Autobiography.” 
His itmuirn'rable novels, of which Bandiester 
Towers,” “ Fra m ley Farsonage,” and ” Orley 
Farm ' are thi^ chief, contain some charming 
studies of women, and riq)resout very faithfully 
English clerical life. They an* invaluable to 
the studtmt of the Victorian era, and will almost 
certainly enjoy in the future far greater popularity 
than they hav(*- hatl since Trolloj)e passed away. 
Charlotte Bronte (b. ISIfi; d. 1855) struck 
Jii “ Jane Eyie,” Shirley,” and “ Villette ” the 
first clear hell- note of modern English woman- 
hood. H('r work is part of her own pathetic life- 
story. Emily Jane Bronte (b. 1818; d. 1848) 
also displayed exceptional if morbid power in 
” Wiithering Heights ” ; and Charlotte’s 
youngest sister, Anne Bronte (b. 1820 ; d. 
1849), wrote two novels, “Agnes Grey” and 
“1’hc Tenant of Wildfell Hall,” which, while 
gain in interest from their personal associa- 
tions, vividly picture moorland scenery and the 
, Before taking up the works 

of the three sisters, the student should read Mrs 
Gaskells classic “Life” of Charlotte Bronte 
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and Mr. Clement Shorter’s interesting little book 
on “ CTiarlotte BrontS and Her Sisters.” Charles 
Kingsley (b. 1819; d. 1875) was a follow’er of 
Frederick Denison Maurice and Thomas Carlyle, 
and a manly exponent of “ muscular Chris- 
tianity,” or “ Christian Socialism." His hooks 
possess the prime quality of stimulus, “ Alton 
Locke” and “Yeast,” in particular. “West- 
ward Ho ! ” and Here ward the Wake,” tine 
historical romances, will always havc^ a w^arin 
j)lace in the hero-loving, adventure-.seeking heart 
of youth. Henry Kingsley (h. 18,‘l0; d. 1878), 
the brother of (■harles, wrot(.‘ several novels, 
chiefly of Colonial life. His mast(‘r piece was 
" Ravenshoe,” wduoh deserves to he remembered 
with the best work of the author of “ W’estward 
Ho ! ” and in thc^ judgment of some critics is 
.superior to any of Charles Kingsley’s novels. 

. A Great Woman Novelist. George 
Eijot (Marian Evans) (b. 1819; d. 1880) 
is one of the greatest of Eriglisli women 
novelists. As wa.s tlu^ case with Jane Aust(‘n, 
and even more the case with ('harlottc^ Bronte, 
George , Eliot put hei’sclf and her actual 
experiences into what she wrote. Her hooks 
are, for the mo.st part, r(‘al, sincere, earn(‘st. 
Her genius flowered laic; some of her writings 
have the effect of finished huildings from which 
all the scaffolding has not been taken down, 
but her contributions to the novel of manners, 
.ind partieularly of the rural life of her native* 
Wamickshire, are of lasting and living merit. 
W^ith George Eliot the writing of fiction wa.s flu* 
art of thinking aloud, the novel was a form of 
philosophy ; but in the forefront of hc'r phil- 
osophy, which, like Carlyle’s, was devotion 
to duty, her characters stand out with lifelike 
fidelity. 8he w^as influenced more, ijcrhaps. 
than any other English woman wTiter has 
been by her foreign, and cs[)C‘eially German, 
studies. The " Scenes of Clerical Ufe,” “ Adam 
Bede,” “ The Mill on the? Floss,” and “ Silas 
Mamer ” disj)lay her genius at its la-st. 
“ Romola,” a story of the Italian Renaissance, 
wdll always hav(^ its admirers. It betrays 
scholarship of no ordinary kind, but it was 
brilliant task work, and its author .said after- 
wards that she w^as a young woman when she 
began the book and an old one when she tinislusl 
it. “ Daniel Dcronda,” another piece of task- 
work, should bo studied with Disraeli’s “Tan- 
cred ” by those interested in the mysteries of 
the Hebrew character. 

Other Notable Victorian Novelists* 

We must mention Mrs. Henry Wood (b. 1814 ; 
d. 1887), authoress of “ Eajst Lynne* ” ; Mrs. 
Lynn Ihnton (b. 1822 ; d. 1898), who put 
much autobiogra])hical material into Tier 
“ Christopher Kirkland,” and wrote one quite 
remarkable book in “ Jo.shua Davidson ” ; 
Charlotte Yonoe (b. 182:i ; d. 1901), authoress 
of “The Heir of Redclyffc ” ; Dinah Maria 
Mulock (Mrs. Craik) (b*. 1820; d. 1887), who 
Wtoto “ John Halifax, Gentleman ” ; Margaret 
Olifhant (b. 1828 ; d. 1807),- whose life-story 
is, perhaps, more interesting than any of her 
novels; Ada Ellen Bayly (“Edna Lyall”) 


(d. 1903), authoress of “ Donovan ” ; George 
John Whyte-Melville (b. 1821 ; d. 1878), 
who. wrote w^ell of life in Ihe “ shirt's ” ; Thomas 
Hughes (b. 1822; d. 1890), aullior of “Tom 
Brow'iibs Schooldays ” ; William Wilkie 
Collins (b. 1824 ; d. 1889), author of “ The 
Woman in While” and “The Moonstom*,” 
models of a long lint* of dett^etive stories ; 
George MacDonat.d (b. 1824; d. 1905), whoso 
“Robert Falconer," “Alec Forbes,” “David 
Elginbrod,” and “ Sir Gibbie ” are full of the 
humour of Seotli.sh life as seen by a d(*vout 
Calvinist; James Pavn (b. 18.30; d. 1898), 
author of “ Lost Sir Massingberd ” and “ By 
Proxy”; .loiiN Henry Shorthouse (b. 1834; 
d. 1903), author of “John Inglesaut ” ; Walter 
Bksant (b. 1838; d. 1901), whose “All vSorls 
and (’onditions of Mtm ” promjfled the Peopl(‘‘s 
Palace, and who eollaboratt'tl with James Rice 
(b. 1843; d. 1882) in “ Ready- Money Morti- 
l)oy ” and “ Tlu* Golden Butterfly,” Vhe last- 
named of which contains many wholesome 
morals for the literary as]>irant on the difference 
b<*tween doing work and thinking about it : 
William Black (b. 1841 ; d. 1898). author tfl 
“ A Daughter of Heth " ; Richard Doddridge 
Blackmore (b. 1825; d. 1900), who nrote 
nothing better than “ Lorna Doono,” a romance 
of his native Ih'vonshire ; George (Ji.ssin(} 
(h. 1857 ; tl. 1903), to whom eultun* was no 
protection against tlu* pessinii.sm that is often 
the companion of poverty ; and Hugh Stonvei.l 
Sc’OT'i’ (“Henry Seton Arerriman ”) (b. 18(i3: 
d. 1903), who.s(‘ nov(*ls, though e.s.sentially melo- 
dramatic*, arc* eharactoiised by a genuine gift 
of observation. 


Stevenson as a Novelist. Robert 
Loins Balfour Stevenson (b. 1850 ; d, 1804) 
erowd(*d many activities into a short life, but 
as a novelist he brought the greatest influence* 
to bear upon (*ont(*mporary litcratiin*. This 
influeiiee was of a two-fold character. In the 


first place, it was the influence of a write*!’ for 
whom form was a dominating concern ; in the* 
second place, the* intiiU‘nee‘ was that of one for 
whom the world was still young, and who, 
believing that to the young in heart all things 
are po.ssible, succeeded by the exercise of his 
g(*nius in reviving the latent spirit of romance. 
Stevenson was equally at home in dealing with 
tlu* peculiarly horrible— witness “The Body- 
Snatcher" and “Dr. Jekyll and Mr. Hyde”; 
])ure adventure, as in “ Treasure Island,” which 
first wxm for him the suffrag(\s of a wide* 
public, and “ Kidnapped.” In th(? .serious 
work of novi‘l writing, distinct from the short 
story, the phantasy, or the book for hoys, 
Stevenson’s gifts are seen at their lu'st in “ The 
Master of Ballantrae.” The uncompleted “ W(‘ir 
of Hermiston ” is sulfieieiit ansiver to tho.se who 


may be inclined.to attach any credence to the fear 
Felt by Stevenson, towards the close of his short 
life, that his powers were deserting him. He was 
equally a master of the novel and the short 
Jtory. Y^et ho is likely to be remembered, in the 
/ears to come, at least equally for his essays. 

J. A. HAMMERTON 
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GROUP 10 CIVIL SERVICE & THE PROFESSIONS * HOW TO ENTER THEM-CHAPTER 22 


State Prizes in India and the East. Indian Civil Service. The Forest 
Service. Eastern Cadetships. Police and Professional Appointments. 

IMPERIAL SERVICE IN THE EAST 


T iflo imperial Service, whieli we are to 
consider in this and suee(‘eding chapters, 
forms till* last great division of our gimeral 
suhjeet, the (’iviL Skkvk’E. In many re.s pee ts 
it is also the most attraidivc* at least, for that 
great race of “adventurous youth” whose 
passing e(‘rtain pessimists among us have 
prematurely mourmd of late. J'\)r tlu' most 
part the Im[K‘rial S(‘r^ne(‘ oITcts a str(*nuons, 
(‘ventful eareiT in souu' far <|uarter of the glob<‘, 
with greater hardships than attach to th(* rather 
monotonous life of titfieial routine at hoirn*, hut 
also with much greatca* ehanees of attaining to 
distinction and success. 

Kmhracing, as it does, our numlxah'ss colonics, 
depi ndencies, and jiossessions, and eom[irising 
both Static and munici[)al employment, th<‘ 
Imperial section is in its(‘lf fully as varird and 
comprehensive as th<* home scrvict‘s whose 
surv(‘y we haM* conchuh'd. Tbit it is important 
to bear in mind that w'hil(‘ apjiointments in this 
s(‘r\ ice are in som(‘ instances acei'ssibh* to can- 
didates in (Jreat I’ritain, many otluas aie 
leserved for local patronage or competition. 
Particularly is (his the ease in our greater 
eoloni(‘s, such as Australia and South Africa, 
wiiose civil othcers of every grade are recruited 
almost, (‘Utirely from local source's. 

WIk'I’c such conditions of employment prevail, 
an (‘\haustive description of the service* w<*uld 
he* use'less. The course w'(‘ ])ro])os(‘ to follow*, 
Ihe're'fore*, is to discuss at length those peists for 
whie-h British aspirants can ent(‘r, and te> deal 
more brielly with the* re'st, while indicating 
the* source*, from which fuller infewination as to 
the*s(* latte'r a])point ments may be re*; dilv 
obtained upon ajiplication. 

INDIAN CIVIL SERVICE 

Rome of the finest administrative and judicial 
positiems in the Indian Kmjiire are brought 
within reach liy sueees.s at the* open compe'tition 
helel every August for probat ionaiy appoint- 
ments in w hat is te*rme d the “ covenanted ” 
Civil Service of India. The* expression refers to 
the* e e)V(‘nant, or cemtract, wdiich e‘very sueee*ssful 
e*andidate* has to e*xe'eute with the Indian Govern- 
ine'ut, anel is use*d to di.stinguish this from a 
suborelinate se*rvice that is tilled chieHy by 
patronage in India. 

Kor amhitious young students who are not 
daunted by tlie prospe*ct of exile and a trying 
eiimafe, tJie “ I. 8.,” as it is generally called, 
offers prosjie'ets far more brilliant even than are 
alfordcd by Glass I. clerkships in tlie home 
service, which have already been described. 

The examination is open to all natural-born 
subjects of his Majesty (including Indian 
natives) wdio an^ between 22 and 24 years of 
agt^ on August 1st of the year in which they 


enter. No deduction of age on account of 
military or other service is permitted for these 
posts. As already explained [sec First Glass 
Glerkships, jiage 20.551, a joint competition is 
ht ld for the Indian Civil Service, Eastern cadets, 
and clerks in the home service, eligible candi- 
dates choosing, in their order on the combined 
pass-list, which service they (*leet to enter. 

'I’lu* ofheial regulations as to these annual con- 
t(‘sts may be had on ap[)lieation to the S(*ere- 
lary. Civil Service* Commission, Burlington Gar- 
d(‘ns, W. On the* subjects prescribed, and the 
very searching ebaraerte'r of the papers, nothing 
can usefully la; added to the infonnalion given 
on page 

“ Selected Candidates.*’ Successful 
<<>mp<‘tilois who (‘boose the Indian service are 
known as “ seka-te'd candidates.” They are 
(Ui judbation in England for a year, studying 
Indian law* and history and the language of 
the provinei* to w'hieh tli(*y are assigned. An 
allowance* of £150 is grantetl to those who sp(*nd 
this t(*i‘m at a univ(‘rsily or eolk'ge aiiproved 
by the Sieretary for India. The ] ir o ha ti oners 
imi.-^t then pass an (*xamination in their studies, 
the cost of failun* being withdrawal from the 
si'i viec*. They are also i(‘.st(‘d in iKirsemaiiship. 

Seh*et('d ean(lidat(‘s w'ho aeipiit themselv(?s 
en'ditably at the iinal t(‘st are provid(‘d with a 
fiTM* jirs(-(‘lass passage to India, and on arrival 
r(‘(*(*ive apiiointments at a salary b(‘ginning at 
45(M) to 5000 rupees per annum. Taking th(^ 
average value of tin* iripee as Is. 4d., this 
r(‘pr(‘sen1s about £:,()0 to £3110 a y(‘ar. The 
actual value is usually somewhat high(*r. T’ho 
conditions of (*mj)loyment an* generous, ev(*ry 
y(‘ar of actual service* entitling the young 
civilian to three* months’ furlough, which may 
he Heeumulat(*d to permit of a. ]>rolonged visit 
hoiiK*. After a time the officer is called U])on 
to choose which branch of the service lui will 
follow* th(‘ judicial or (executive. The form(*r 
may lead him ev(‘ntually to a judgeshi]) in the 
High ('ourt, the latter to the rank of Lkuitenant- 
Govemor of a jirovinee. 

Apart, how'ey(‘r, from such great prizes as 
these, opportunities for obtaining distinction are 
not wanting in the 8(‘rvice ; and if the individual 
has the ability and energy to seize them, Iiis 
advancement i^ likely to he rapid. Many 
memb(*rs of tin* I. C. 8. reach responsible and 
liighly paid positions, such as that oj judge 
or magistrate of a native court, while still young 
in their calling. After a quarter of a century — 
21 yearn of wliieh must have been effective 
service, as distinguished from furlough and 
sick leavi^the Indian Civil servant is entitled 
to retire on a life pension of £1000 a year. Ten 
years latc‘r his retirement becomes conipulsorv 
under the- regulations. ^ 


NATIONAL, MUNICIPAL, AND IMPERIAL SERVICE, AND PROFESSIONAL CAREERS 
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EASTERN CADETSHIPS 

These positions have been instituted to 8\i]>ply 
the higher ranks of the Civil Services of C^^ylon; 
Hong Kong, the Straits Settlements, and the 
Federated Malay States with trained and 
cai)able officers. They are filled by open 
com])etitions hc'lcl every August eoneurrently 
with those of the Indian Civil Service and for 
Class I. posts, but their inferiority in value is 
shown by the fact that they g(‘nerally fall to 
men low' down on the combined pass-list, higla r- 
plaeed candidates having selected th(^ otlu'r 
se^^ices in preference. Thus, td a re(H*nt joint 
contest, the first man to accept an Kastern 
cadetship had taken only the :nth place on 
the list. Still, these posts are dislinelly attrae- 
tiv(^ ones, with a fair salary from tin* outset, 
xnd good, thougli not dazzling, pro.sp(*ets. 

The examination subjects an* the same, of 
course, as for Class T. aj)pointments [page 20551, 
and th(* same age limits are fixed, namely, 22 to 24, 
but for eadetshi])s no d( duetion from actual age is 
permitted. Candidates must la* of sound eon- 
stitution .and good eyesight, and lit for tropical 
service. Kxceiit for (Vyloii, it is speeilied that 
cadets shall be of Furo])ean descent. 

Selected candidate's an' n'fpiind to k'ave 
Kngland about a mouth after passing, ami rcei'ix e 
a free passage, half-])ay on embarking, and full 
salary on leaehing their destination. In (\vloii 
their remuneration as cadets is £‘.0() a y(*ar 
without quarters; in Hong Kong, £225 with a 
house allowance; and in the other colonies 
j£2C0, w'ith furnished quarters. The routim' of 
training is [)ractically the same in all cases, the 
cadet dividing his time hot ween his .studies in 
the native tongue and instruction in (Jovern- 
inent business. On passing his examinations 
he rceeiyes an immediate advane<' of pay — in 
Ceylon to £3.50, elsewhere to £300 - and beeonu's 
eligible for a permanent a])pointment with a. 
salary usually beginning at £400 a year. 'rhen<*e, 
as he rises in grade, his income progresses to 
££00 or £1000 at the least ; and tlu're are lurther 
possibilities ix fore him, leading to a salary of 
£1.^00 or £2000. 

INDIAN FOREST SERVICE 

A hardy young fellow in que.st of an open-air 
calling, and undismayed by exposure and fatigue, 
could scarcely find a more tempting career than 
is afforded by the Forest Serv'iee of India. 
It involves much lonely service in the remoter 
regions of our great Eastern Empire, often 
far from white men ; but to those who hav<' 
heard “ the call of the w'ild,” and cannot forget 
its voice, there arc ample eomiK'iisations in 
the eventful, unhackne3''ed days pas.sed amid 
some of the grandest and most beautiful sceiury 
in the world. 

One essential feature of the Forest {Service is 
the costly training that precedes it, for which 
a private allowance of about £100 a year for two 
years is necessary. Many likely men are debarred 
by lack of the requisite means, and thus it 
arises that, despite its attractions, the number of 
applicants for vacancicis in the service is not, as a 
rule, very groat. 


No entrance examination is held unk'ss thc^ 
number of fully qualiliid candidates betw'eon 
the ages of nineteen and twenty- two exceeds the 
number of vacancit's, in which ea.se there is a 
limited competition, mainly in the natural 
sciences. Otherwise, tlu* claims of ap|)licants 
and their t'dueational record are eonsidi'ivd by 
a Selection Committee, who advise* t lu* Secretary 
of State* for India as to the me>st jiromising 
e*andielate‘.s. An honours degree in natural seie'Ue e*, 
or some eejuivalent (h'gre'e*, is essential, and a 
fair knowledge of Ficneh or ({(*nnaii is also re- 
quired of the candidate. 

Probationers. Se'le'e*t('d eandidate's arc 
ivquired to pass a- strict medical examination, 
at which particular .stre'.ss is laid on good vision 
and hearing. They are* tbeii appeanted on 
piohation for two years’ training. During this 
time* they pursue a special eeairse e>f study at 
Oxford, Cambridge, or Edinburgh Cniversity in 
forestry and allii'd subjects, iceeiviug from the 
Indian (jlove'rnnient an allowane*e of £120 a year 
me'aniinu', but elefraying all expense's not covt'i’e'd 
by this giant. During the vacations the y Je‘Cei\(' 
free practical instruction in tlu* subject of th(*ir 
future calling, visiting various Cemtiiiental 
fore'sts for the* purpose*. 

On eom})loting their training, probationers 
who have* oblaihe'd the* de'grec or diploma eif 
Forestry are* ap])oin(e*tl assistant conservators 
in the Indian Fore'.st Departme nt, anel proc*e*ed to 
take up th(*ir duties. Tlu-y must take their 
ow'ii passage's for India, but receive an official 
allowance to e*over the ee^sl. 

Pay and Prospects of Conservators. 
From the date of their arrival in India, assistant 
eoaservators draw' JlhiO rupees a month (about 
£300 a year). They are appointed to one of 
the gre*at timhi'r divisions — Burma, Assam, the 
Punjab, eir elsewhere — and arc entrusted with 
the protection and iinprovonu'nt of the forest 
land within their section, the reaffon'Station of 
denuded areas, and similar responsihk* and 
interesting w'ork. Their ])ay is augmented yearly 
by 40 rupees to 700 nipies a month, and after- 
wards by 50 rupees to 1250 rupees a month -- 
wdiieh figure is attained in the tweiUiotli year of 
an officer s service. 

The higlu'i* ranks are remuni'iated as follow, 
the ligures being givi'ii in rupc'Cs jier month : 
conservators, 1500 to I £00; chief conse rvators, 
21.50. There are a few leading posts at still 
higher remuneration. 

The oOicial regulations as to these appoint- 
ments, w'ilh partie*ulars of salarie'S and j)eiisions 
and a syllabus of the possible entrance examina- 
tion, may be obtained on apjilieation to the 
Secretary, Revenue Department, India Oniee, 
Whitehall, S.W. 

POLICE APPOINTMENTS 

Although police dutie.s arc' vjistly les.s interest- 
ing than forestry to the normal mind, the 
examination for the Police Service of India and 
tho Further East attract.s a great many more 
candidates every year than sec'k to enter the 
Forest Service— and this for a sufficient reason. 
Admission to either service is followed by a term 
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of probat ioluiry training ; but wheroa« the 
future conservator of fort'sts, as wc have sc'.en, 
lias to study hard for two years before earning a 
rupee, the police probationer is receiving oyer 
tSlO a year witliin three months aftcT passing 
his entrance examination. 

As in the ease of llie cadetships already dis- 
cussed, a single examination is employed to 
recruit several police servic(‘s. Tla^ conijietition 
is an op(‘n one, and is h(*ld ('very .lune, or th('re- 
ai)outs, for such vacancies as then c'xist in India, 
Hong Kong, the >Slraits Settlements, and the 
Ju’diu'ated Malay States, (luididates may enter 
for all appointments at the same time on payment 
of a single h'C of ,€2 (or if examiiK'd clsewInTc 
tlian in iiondon) ; and an* recpiin'd, if successbd, 
to mak(' their selection as soon as tlu' result of 
the eomp(‘tition is announced. By far the 
great (‘st number (^f vaeanei(‘s arise in th(' Toliec' 
Service' of India. 

The Examinations. rnliUe most opi'ii 
(•ivil S('rvi‘^‘e examinations, tlu'se competitions 
an^ not advertised in tlu' public lV('ss. Ap]»li- 
( ations to eomp(‘t(* must b(' mad(' not later tlian 
May 1st of each ye'ar, on a printed form ol)tain- 
abh' from tlu* Scentary. .Judicial and Public 
f )c[)artmcnt, India Otlicc, S.W. ( 'aiididati's must 
be unmarried, and Ix'twi'en tlie ages of It) and 21 
on .lum* 1st of tlu' yt'ar in which they compete. 

Tlu' examination is in Knglish, eic'uu'ntary 
matlK'juaties, I^Veneh or (h'rman, and history 
and geografihy, and not more than (wo of th<‘ 
following sulijects : intermediate or higlua’ 
mathematics, Latin, (Jr('<‘k, a second mo(l(‘rn 
languag<‘, history, and science' to each of 
wb.ieh a maximum of 2000 marks is assigtu'd. 
(tandidat(‘s may also take up freehand dra.ving, 
which carries only 400 marks. 

Those who ar(^ sueei'ssful at the lit('raiy 
contest must next undergo a strict nu'dical 
examination as to Iht ir physicpie and eapaedty 
for active outdoor work on the [ilains of India 
or elsewhere. On satisfying th<' Civil S('rvice 
(bmmis.sioiU'rs of tlieir ability to ride, they are 
then ajipointed as })robation(*i*s at one of the 
di.striets in which a vacaney exists, tlieir wi.slies 
on this jioirit Ix'ing consulte<i as far as practicable. 
They are provided witli a fret* passage out, and 
must bo ready to embark in the October 
following the examination. 

A probationer who is sent to India receives 
»‘)00 nipt'es a month while under instrucfioii in 
police duties and in the local language. On 
passing certain examinations in these subjects — 
u task that must be achieved wuthin two years 
of his arrival in India — he is ap})ointed Assistant 
8ii[)erintcndent of Police at the same rate of pay, 
rising to 500 rui>ees numthly, and has excellent 
chances of becoming District Superintendent, 
with a salary of 1200 rupees per month. There 
art^ also a few higlier posts wdthin his reach. In 
the other services probationers are paid £225 a 
year on arrival, and £300 after passing the 
d(‘partmental examinations. On receiving an 
appt»intmeid they draw a salai^' of £360, rising to 
£660, and, if f«;*rtunate, may reach £1000 a year. 
Free quarters arc provided for probationers and 
for officers of .:11 grades. 
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Subordinate Posts. For the most part, 
the police rank and file in the East are native 
officers. Jn Hong Kong, however, there is a 
British force which is largely recruited by 
volunteers from tlie home constabulary. Police 
constables are engaged for five yeai*s or longer, 
and are paid £100 a year, rising by triennial 
imTcments of £10 to £120, with free quarters. 
A bounty of £15 i.s paid on enlistment. For pro- 
ficiency m Chinese th('y may receive a furthc'r 
allowance. Candidates must bo unmarried, not 
h'.ss than 18 nor mor(‘ than 25y(\ars old, at least. 
5 fe(‘l 8 inches in stature, and wdth a minimum 
chest measurement of 3,3 inches. Previous 
police (‘Xpeiieuee is desirable but not essential. 
Promotion is said to be no faster than in the 
hoiiH' forces, the serg(*ant's stripes taking six or 
s('ven years to win. Forms of a])plieation for 
the Hong Kong jioliee can he obtained from the 
Crown Agents for the (Vdonit^s, Whitehall 
Cardens, S.W. 


OTHER INDIAN APPOINTMENTS 

In addition to the serN i(*es alr<‘ady discussi'd, 
tlu'it' are others for which only those candidates 
ar«‘ eligil)l(' wlio IiaM' bei'n sju'cially trained in om^ 
of tlu* ])rofessions. Such appointments liave 
little inh'ii'sl for a student of this (’ours<*, Iht'ir 
place b(‘ing among th(* profi'ssional groups of 
tlu' SKT.K-hhii (’ATOR. Por pri'seiit ])urpos('s tlu*y 
may be dismissi'd in a few words of deserijdion. 

Public WorKs and Telegraphs, 
'rralned engim'ias from the uni v(*rsit it's and 
tt'cimical eolh'ges ar(‘ (‘ligible for valuabh^ 
ap}K)intm(‘nts in thesf' si'rviei's if botwedi 21 
and 21 yc'ars (jld. There is no entranei' (‘Xamina- 
tion, candidates being sek'cted on tlu'ir sciimtilic; 
attainments. Salaries range* from 4.‘1()0 to 33,000 
riipiH'S a yt'ar. TIk'; n^gulations can be obtained 
of the SeeuH'tary. .Judicial and Ihiblie l)e])artmeiit, 
India Of bee, S.W. 


Veterinary Posts. Candidates pos- 
sessing till' M.R.(\V.S. diploma have a elianee 
of ('Ulering the Indian Civil Veterinary Depart- 
iiK'iit on attaining the age of 26. The pay and 
prospects in this service are good, but officers 
are debarred from private firactice. 

Education and Nursing. Appeaint- 
menls in th(' Indian Educational Service are 
under the patronage of the Secretary of State, who 
usually awards these to distinguished graduates 
of British Universities. No limits of age are 
prt'seribed. Offieei-s are engaged in the first 
instance for a term of five years, at an annual 
salaiy of 6000 rupees, rising by 600 rupees 
yeailv to 8400. 'riierc are good prospect fL.of jiro- 
motion if tlu; period of engagement is extended 
for anoth(*r term. 


Trained nurses between 27 and 32 years of 
ago are appointixl by the Secretary of State to 
Queen Alexandra’s Military Nursing Service for 
fndia, for a term of five years in the first in- 
stance, on terms that can be obtained on appli- 
cation to the Military Secretary, India Office, 
O.W. The rates of pay are 2100 rupees yearly 
for the first five years, 2400 rupees subsequently, 
and 2700 to 3600 rupee in the senior grades. 

ERNEST A. CARR 
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The Complete Failure of Mendellsm to Solve 
the Most Vital Problems of Evolution. 

THE LIMITS OF MENDELISM 


T he time has come when wc should face tho 
question of tlie relation of Mimdelism to tho 
supreme problem of organic I'volution. Tho 
student of this eourstj is fully aware of t h(5 distinc- 
tion, unknown to tin* careless many, between 
the assertion of organic evolution as a fact and 
tho explanation of it. Hero we know that 
the last centuiy proved the fact, which can 
never henceforward be in dis])iite. The ex- 
planation remains to find, unless W(^ .accept 
the theory of natural selection as such. T'ho 
question for us now^ is whethcT Mendelism 
solves the riddle, or contributes to its solution, 
or affects in any w'ay our estimate of previously 
proffered solutions. And the r(‘ason w^hy w^o 
attaek this question here and now is tliat tho 
many certain and prie.elcss triumphs of Men- 
delism in tin* last decade, the faine w'oii by ibs 
exponents, and the signal failure of the attempts 
to discredit them, are all likely to hypnotise 
them and us into the belief that hen^ is th(5 
Tvholc truth at last. 

Professor Bateson’s Position. The 

subject of this chapter is the subject of the forth- 
coming i)residential address to be delivered to tho 
Hritish Association in Australia in a few weeks 
from tho time of writing by the j)residont-elect. 
Professor Bateson, th<^ living master of Meii- 
delism. Here w'<? shall anticipate tho main 
features of that addr(\ss, citing first Proffjssor 
Bateson’s recently published Yale lectures on 
“The Problems of (Jenetios,” and, second, bis 
final lectjire as Kullorian Professor of Physiology 
at the Royal Institution, delivered on May 12, 
1914, under the title “The Present Aspect of 
Evolutionary Theory.” If Professor Bateson 
himself now formally repudiates the idea that 
Mendelisin has solved the problem of organic 
evolution, all casual impressions as to the real 
nature of its contribution will be justly dispelled. 

In H)08 Professor Bateson spoke too generally. 
He Siiid, in a ])assage we have already quoted, 
that a certain IMendelian experiment “ demon- 
strates at once the nature of variation and 
reversion.” Later, in the same inaugural lecture, 
he used the following oft- quoted words, which 
the student must carefully note : “ For the first 
time variation and reversion have a concrete, 
palpable ineauing. Hitherto they h.ave stood 
by in all evolutionary debates, convenient 
genii, ready to perform as little or as much as 
might be desired by the conjurer. That vaporous 
stage of their existence is over, and we sec 
variation shaping itself as a definite physio- 
logical event, the addition or omission of one 
or more definite elements ; and reversion as 
that particular addition or subtraction which 
brings the total of the elements back to something 
it had been before in the history of the race.” 


Reversion Illustrated. TIk? typical in- 
stance of this assertion is the famous case of 
Darwin’s pigeons. Two modern forms, when 
crossed, yielded the blue rook ancestor of all 
modern pigeons, or, at least, a closely similar 
bird. T'he reversion to the ancestral form hero 
means, as in the case of liateson’s sweet-peas, 
that certain fsu'tors. which wen* combined in 
the blue roi'k pig(‘oii and separated in its 
descendants, have come tog(‘thor again; rovei- 
sion, that long mystta'ioiis fact, now has a 
“ concrete, ]>alpal)Ie meaning.” 

Here, beyond doubt, is a substantial and 
permanent addition to knowledge. We can 
never think of ^e^’e^sion again, or meet the 
word, w'ithout rcanemluTing these Mendelian 
facts; and the same is true of the w'ord “varia- 
tion,” which the Mendi'liaii sliows to mean “ the 
addition or omission of one or more definite 
elements.” But it \v('r(‘ better not to acquaint 
ourselv(‘S with these facts at all than to suppose, 
as Bateson did six years ago, that all variations 
and all reversions an* thus (*xpluined. Tho 
generalisations wt have fpioted are far too 
general, and they imliri'ly ignon*, as we shall 
sc(‘, the n‘al emr of the problc*m, which Professor 
Bateson has since more (‘learly realised, and 
before whi(4i Ik* confesses Mend(‘Usm to be 
impotent. These statements arc of tho very 
highest im|K>rtai)oe, and the student is besought 
to w'cigh th(‘m accordingly. 

The Present State of Evolutionary 
Theory. Six years ago tho assertion was that 
Mendelisin had exifiained variation and the origin 
of variations. If that were so, the problem of 
organic evolution, the jiroblem of the origin of 
all the living forms we know, would be solved — 
tlic riddle of creation would have been read. 
Hear now, incorporated in the pr(*sent writer's 
ow'iT statement of the ease, what the saims 
authority is saying in his n'ceiit and forth- 
coming pronouncements of the present year ; 
and then w'o shall realise, in a single, simple 
])hras(*. the nature of the probl(*m that rem.ains, 
and shall see it to be the oUl riddle, untouched 
in any degree, but merely asked in new terms. 

The present state of evolutionary thi'ory, as 
compared with the dogmatic Darwinism and 
neo-Darwinism of the nineteenth (entiu’y, shows 
merely a vast itegafive change. In the practical, 
constructive art of forming new sjjceics M(*n- 
delism excels, but its role for theory is that of 
destructive criticism merely. Much that se(‘med 
perfectly simple to Huxley we now find oursi'Ives 
entirely ignor.ant of. Yet Huxley was not a 
hasty dogmatist. ft took years to jKTsuade 
him of the importance of natural selection. 
He was a genuine student, fully worthy of his 
high honour as President of the Roya l Society. 


EMBRACING BIOLOGY, PSYCHOLOGY, SOCIOLOGY, EUGENICS, THOUGHT 
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Twtnly-ono yvara after the publication of 
Darwin's “Origin of Species,” Huxley gave a 
lecture at the Hoyal Institution on the “coming 
of age” of the* th(‘ory of natural selection, 
which that book gave to the world. He and 
the seientilic w^^i’ld in this country — though by 
no means on the Continent or in Amerietv - 
were* fully persuaded that- natural selection 
explained organic evolution. 

Today, thanks to the experimental facts 
which were then unknown, we see that the 
whole basis of tlu' Darwinian theoiy was in- 
secure. It assumed that all sp('ei(‘S are constantly 
varying in all directions, and that the m'cessary 
sui vival of the fittest means the natural selection 
of the fittest, or most viabkx of those* variations, 
witlj the subs(M)U(‘nt transmission of them to 
succ(‘eding generatioi\s by heredity. 

The Fall of the Variation Theory, 
\Vh(‘n we tak(‘ a gi\en ease and examine it, 
\\(‘ find that tin* supposetl variations do not 
oeeur. The most (‘(‘lebrated experinu'nt in this 
matter was made now mon* than a d(‘ead(‘ 
ago, by the Danish botanist Professor .loliannsen. 
of ( 'op(‘nhagen. Studying beans, he showed 
that s<‘lecti()n soon e(‘ased to ett'eet any change 
in till' natural eharaeti'rs of tln^ rae<‘, for the 
simj)l<* reason that .selection can create nothing, 
and that the gtaietic nature of the beaus limited 
with absolute sliarpiu'ss their powias of variation. 

Por one g(‘n(‘ration or two, the selection of 
the heaviest (for instance) seems to be l(‘ading 
towards a heavi(*r race- and then the inti‘rnal 
facts sai<l, “'rims far and no farther.’’ No 
subse{|uent seh'ction did anything simply be- 
cause the assumed indetiniti* variations for s(‘lee- 
tion to select from did rjot oeeur. 

And .so in all oth(‘r eases. Variation is not 
wdiat Darwin and his eontemporavies thought it, 
and, that b(‘ing so. the whole Darwinian theory 
falls to the ground. The present writer is not 
awaire of tli(‘ name of a single studiMit in any 
part of the world, now actually adding to our 
knowI(*dge of tlu’se problcTus, who accepts the; 
Darwinian exjilanatioii of evolution. In the 
light of modern genetics, tin* whole of that famous 
structure is seen to be merely a brilliant phantom 
of the imagination. Uy an unfortunate eonse- 
(juenei* of the working of Ihiugs, the public mind 
has now' just caught up with nin(*teenth-e(*ntuiy 
science* <*nough to ae(e|)t natural selection and 
Darwin as the explanation of everything, when 
the wwlds of .science and philoso])hy know that 
Darwin's sole though ever-glorious merit was 
mer<*ly to d(*monstrate what the future has yet 
to explain. 

A Restatement of the Question. 

In this work a special eifort is being made, of 
set purpos(\ to pr(‘sent the student with biology 
iis it is today, and not as all hut its active con- 
temporary students suppose it to be. Within 
recent years the country has been flooded with 
almost incredible quantities of cheap reprints 
of nineteenth -century classics, which are sup- 
posed to represent the last word on the science of 
life, and which arc nearly all tainted wuth the 
hiiteriK iiS or the dogmatism which were bred 
in men of science in that period by the out- 
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rageous presumption and insolence of cccle- 
siasticism. Huxley, Tyndall, Clittord, Spencer, 
Daiwin, Haeckel - these writers have con- 
tributed, in varying degree, to the imperishable 
history of the science of life. Many of their 
writings are classical now, as Aristotle is classical ; 
but, thanks to Aristotle and to them, we of to- 
day know more and better than any of them. It 
is, in reality, the woi'st of services to such fearless 
seekers after tnith that their heli(*fs about 
evolution should ht* looked at as final and immut- 
able* products of a universe which is haply evolv- 
ing still. That is why only one chapter lias been 
allotted to Darw'inism, tliough, in the popular 
view% the whole of our subject is Darwinism, 
and though, so lately as ten years ago, Darw'inian 
assumptions dominated such expositions. 

Natural Selection, Natural Rejection. 
Natural seleetioii, as .loliannsen and many others 
have jiroved, cannot make* a sjieeies “ budge ” 
if it does not mean to budge anyhow— that is, if it 
is not ]>r(aliieing tlu* necessary variatioms. The 
idea of natural sel(‘ction arose in order to explain 
adaptation. 'I’lu* idc'a of a Divine Maiiufaotiirer, 
somewh(*re in the sky, having ttmdf' these adapted 
forms of lif<“ in tla* (Jardi'iiof Kden, six thousand 
y(*ars ago, vanished hefor(‘ the record of the rocks ; 
and th(‘ liopi* was lliat the facts of adaptation 
could Im* ('XplaiiK'd by a meeluniieal process, 
assuming endless f irtuilous variatiems, and the 
.survival of tlu* littest that i.s. the best ada})ted — 
of tlu‘m. But today we know' that th(‘r(* are 
eounlle.ss adajdations in the living world for the 
expl.iiiation of which natural .selection is not 
merr'ly iiiadi'quate hut wildly ridiculous. Even 
a.ssuming that tlie n(‘ees.sajy variations oocaiiTcd, 
natural .selection w<jukl not (*xplain thi* facts, 
and, in any east*, natural .SL*l(*e.tioii can only act 
on wiiat is there. It is, and should he (;alh‘d, 
merely nalural rejecfion. 

Meridelism no Explanation of Adap- 
tation. Does Mendelisin, on the other hand, help 
us w'ith adaptation? Tlu^ Darwinian explanation 
has h(*en found insigiiilieant ; wdiat have Men- 
delian theory and the now immense aceumulati Jii 
of Mendelian facts to olh‘r us instead ? Nothing 
at all. is the answer. T’hat is not the opinion of 
an enemy or evi'n of an imjiartial and detached 
critic. It is the definite conclusion of Professor 
Bateson himself, and those who know some- 
what less of the subject than he will do well to 
he guided by it. By all means let us he grate- 
ful for Mendelism, honour it, learn from it, and 
apply it, as it can he applied, to the central 
j)rohlems of national life— such as the quality of 
a ])eople’s food, and the quality of those wliom it 
feeds -but let us understand that, as an explana- 
tion of the world-wide facts of the adaptation of 
living organisms to their environment, Mendelism 
is beside the point. Even natural selection, 
which at least explains the extinction of the less 
adapted, is worth more to us than ^lendelism for 
this purpose. 

Whence come Purpose and Adapta- 
tion? Yet, be it remembered, adaptation is the 
central fact w'e have to explain. The exquisite 
structure of the eye which now reads these words. 
for the purpose of seeing, is typical of the whole 



GROUP II— LIPK AND MIND 


world of life. If the eye was not so made from 
without by Deity, but was evolved through 
countless ages, from simpler forms, until we get 
back to a mere pigment spot in the skin chemi- 
cally sensitive to light — which wo know to be 
the historical fact — the science of evolution is 
required to explain the present manifold ox- 
quisiteness of the adaptations by which ‘the eye 
now sees. Professor Bateson himself, an iinconi- 
promising supporter of the mechanical or 
physico-chemical thcoiy of life, avows that 
Mendel ism does not help us to an answer, and he 
and many others have shown that Darwinism 
fails also. Does not the reader see the immense 
significance of these developments and admis- 
sions, and the trem(‘ndous presumption they 
raise that modern Vitalism, as represented by 
Bergson and Driesch and MacDougall, alone has 
the solution ? 

Here, in JMendelism, we have the newest, and 
certainly the truest, of the physico-chemical 
theories of life and of heredity. According to 
it, certain physico-chemical entities, called 
“factors,” determine the life of all that live. 
lOvTry quality, every attribute, every faculty, 
that man, or any animal, or any plant, possesses 
becomes, in the light of these conclusions, the 
mere result of the action of certain chemical 
compounds found in germ-cells. Before w'c 
accept this as the whole of the truth, let us re- 
member the central, crucial fact of adaptation, 
which this newest of materialistic theories is as 
im|Kjtent as any of its predecessors to explain, 
according to its own champions, who have, in- 
deed, thus performed for Vitalism -the theory 
that life is Purposeful Mind incarnate-- the 
inqx)rtant service of destroying the materialistic 
theory called Darwinism, without attempting 
to replace it by any other. So much the more 
rs justilfed the importance which we attached, 
in earlier chapters of this course, to the works of 
Bergson there briefly referred to, 

Mendelism : An Explanation of 
Some Negatives. But , putting aside the facts 
of adaptation as still insoluble by any mechanical 
explanation, what of the new light which 
Mendelism has admittedly thrown upon varia- 
tion ? We see — for the fact is proved™ that 
certain variations are due to novel combinations 
of Mendelian factors. Especially wo tind ckrar 
and satisfying explanations for all those cases 
of variation which corresjiond to what we have 
Icamt to call “ Mendelian recessives.” For 
what, on Bateson’s beautiful and simple ex- 
planation of Mendel’s law', is such a variation ? 
It is merely due to the dropping out from the 
germ-cells of a factor present previously. When 
that factor is thus absent, the new organism 
displays a new character, which we call recessive. 
Hosts and hosts of variations are^ thus satis- 
factorily explained — the new form is simply 
due to the disappearance of something which 
was contained in the old. Similarly, hosts and 
hosts of now forms, or of the reappearance of 
old forms from new parents, are explicable by 
Mendelism, clearly and conclusively, and by 
Mendelism alone; factors have been combined 
in novel fashion, or else in fashions which long 


ago were common, but the ways of the factors 
have lain apart until, now; they meet again, 
and, lo! the ancestral form reappears. Nothing 
could well be more saUsfactory, and our quota- 
tion from Professor Bateson’s lecture of 1908 
seems justified — almost. 

The Silence of Mendelism on Origins. 
Professor Bateson has merely explained those 
forms of variation which depend u])on shu filings 
of factors aJt'ead// The or {{fin of tho'ie 

(actors is yet to seek. Recessives arc all (‘X- 
])licable, but the origin of a dominant ” 
remains -unread. That is the short j)hrast^ 
referred to earlica* in this chapter. Where does 
any dominant character come from ? In other 
w'ords, where does any Mendelian factor come 
from ? <liren the factors^ modern Mench'lisni 
can ofier us eoinpli'le and satisfactory explana- 
tions in iiidefinit(* iiumher. But the creative? 
powers of evolving Life, su])remcly illustrated 
in men of genius, remain unexplained. The 
Mendel ians have been assiduously seaK?hing and 
studying the; living w'orld for a deceide, and 
have found innumerable now facts, but, as 
Professor Bateson said himself in May, no ease- 
is know'll of variation due* to the addition of new 
factors. The ^teaidt'lian, wonderful and valuahk 
pcTson that he is, merely jiiggh's with what is 
already givtm. ;,Not a w'hisper of “ creative 
evolution ” is to be had from him. 

Vital Purpose Unexplained. Mindelism 
ofl(*r.s us an (‘.xplanation of the origin of nothing 
except what is merely a nnnu,9 quantity — due lo 
the disappearance of something previously pre- 
sent. Fi’om the first syllable to the last, Mendelism 
assumes and requires the existence of “ factors.” 
(Jiv(‘n them, it does wonders, of which Professor 
BilTen's wheats arc merely a preliminary ex- 
ample. Similarly, the chemist does wonders in 
the synthesis of atoms, to form new compounds, 
but he can tell us nothing as to the origin of 
atoms. The problem of biology is to tell us 
the nature of life and the w'ay in wTiioh it evolves. 
On these questions, properly considered, Mcn- 
delism is silent. Nor must our analogy with 
chemistry mislead the reader. The chemist 
may at any time be able to make or destroy 
atoms, according to mechanical law's. But 
living beings exhibit Purpose, wdiich is an 
attribute of Mind, and tluTcfore non -mechanical. 
It seems clear, therefore, that the countless 
adaptations in which Vital Purpose expresses 
itself can /leerr be explained in mechanical 
terms. That Professor Bateson himself should 
now be trying to do so is only one more illustra- 
tion of the fashion in which special studios 
close tlie mind to general principles. Let us 
see the almost incredible fashion in which this 
iirocess is now illustrated. 

The Theory of Growth by Inhibition. 

“ The origin of a dominant ” being insoluble, 
and no instance even of its occurronco having 
been found by Mendelian research, one con- 
ceivable hypothesis remains. Homo new forms 
of life certainly arise os recessives by the dis- 
appearance of dominants— that ia, of positive 
factors— ^previously existing. Why should not 
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tlu* whole of evolution hav(‘ taken this course ? 
It earl he argued that th(‘ appearance of any 
n<‘w form is due to the disajrpcarancc of an 
inhibiting factor present in its ancestors, fn 
swci't'peas and many other spi'oies, we know 
that the ajrpearance of certain colours and other 
characters may he due to tlu* dropping out of a 
factor whicli inhibited or prevtmted th(‘ action 
of otluT factors lying beneath it. Let us argue 
from these facts, and we may assume that all 
new forms of life have arisen by an evolutionary 
proc(‘ss whitrh consisted in the dropping out of 
inhibitory factors prc'srmi in the progenitors of 
th(‘ species. 

'I’his tIi(‘ory, in had, has been and is 
seriously advanec'd by l’iof(‘SSor Bateson, as 
the only alternative to “mysticism.*’ In con- 
\(‘rsation with him, the [jiesent writer asked 
whether he would go as far as tlu' theory 
rerpiired, and assume that the primitive* anueba 
has b(‘eome man by the sueei'ssive rlroppirrg out 
of inhibiting factors in tin* abseMicc of which, 
man appeal’s. If now we walk round th(^ 
Zoological t bu’dcns, so as to give oiirs<‘lv<'s some 
faint i(l(^-i of tlu* multitudinous variety of living 
beings, W(' must further argue that all these*, and 
all the* othe*r feirms that liave* existed in the* 
past, wen* einfolele‘d from the* priinilive animal 
form -whie*h ue* call amee'ba. for argunK'iit- 
by the dro])ping eait erf inhibiterry Mendelian 
fa 'tors. And Ibis is the* alternative ter mysticism ! 

The Bankruptcy of Materialism. It 
is, rathe*!’, the .star’k anel nttcr barikrujrtey erf 
inate*rialism no nu're* eonfe*ssi<)n eif failure's, ne> 
acknowle'dgmcnt of the elillie-ulty of the prer- 
blem, no erlhor theerry that anyone is lik(*ly to 
be able ter invent, eerulel so i‘erm]rletely elisplay 
the* nakeelne'ss erf the laiiel as this whie*h I'Xplaiiis 
Shake*.spe*ai'e anel Xe*wton anel Wagiie*!’ by the 
tlropping ernt of faelerrs which inhibited the 
mierer.seopie* ameelra frerin writing “ Haink*t.” But 
more*. For the* sake* erf the* argument we may 
admit this ne*vv llu*eu’y erf everlution ; but the* first 
chile! to whom we ivtail it will ask the obvierus 
epiestion — Anel whe*re* diel the aino'ba get all 
tht'se things from ? Obviously, there is he^ro no 
answer to the ejuestion of the* errigin erf the eoiiiit- 
less be*autu*.s and wonders of tlie living werrld. 
'I’hery are simirly rerlleel up anel comjrre*ssed, and 
laid in an in visible heap upeni the back erf the 
aineeba, and we* are me*re*ly fae*e*d with the 
eri’iginal irrerblem in a monstrous anel egregious 
anel palpably unnatural ferrm. 

The Mystery of the Dominant. **Tbo 
origin of a dominant ” remains for us to eiis- 
eover; and e-ertainly the werrld of therught is 
indebted to Professor Batevson for the absolute 
and frank honesty with which he te'lls us that all 
the rcseaiehes of himself and his school have 
failed to show a single instance of such origin, 
howsoever olTected, and that no vestige of an 
idea as to how any dominant can arise is afforded 
by any of their observations. A “ dominant ” is 
a positive factor, an entity of some kind in the 
germ -cell, which causes the development of the 
eye or the brain, or the leaves, ortho maternal 
instinct, or anything else in the living being. 
I'he Mt'ndtlian asserts, and we are all compelled 
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by his evidence to believe, that in reality all the 
isharardei-s of living beings depend upon the 
detr*rriiining and formative power of these 
factors in the germ -cells, from which all but the 
single celled organisms arise. But now he form- 
ally tells us that of tire origin of any one 6f these 
factors, in any one ease, lie is unable to tell us 
a word. In short, the whole problem of organic 
evolution remains, in all essentials, untouched by 
Mendel ism. This new study has overthrown 
the pretensions of another mechanical theory to 
account for organic evolution, and off(*r8 us 
nothing in its place except the fantastic notion 
which we have rpiotcd, and which is obviously 
worse than nothing. 

Unnatural Divisions of Nature. Yet 

li*t us remembm’ the famous observation of 
Bacon that the great art of knowledge consists 
in “ rightly piiUing the question to Nature.” 
We may be certain that we shall never get the 
n^al answer until we rightly ask tlie question, 
and (*very advance in knowledgr* helps towards 
this end. M(‘n(h*lism assuredly does so in one 
important pajtieular, upon which J^rofessor 
Bateson rightly insists. “ I’he Origin of Species ” 
was the subj(*et of Darwin’s inquiry, and the 
title of his gi‘(*at book express(*s an idea long 
fuiulariuuital in biology. We owe it ehioHy to 
the gr*‘at systematist lann.eus — r’(*ally a Swedr*, 
named (‘arl von JJnne. Tliis pi’ofound and in- 
(l(‘faligable stud(‘nt endeavoured, with invaluable 
suei*ess, to reduce tlu* living world to some kind 
of or(l(*r or system. He? divided all living things 
into classes, aeeording to their resemblances and 
difference.s. Tla* smallest subdivision biit one 
he eall(*d a genus, and the smallest a’ species. 
1’he seientitie or Liiinean name of any s])eeies is 
thus a double one*, the first word indicating the 
genus, and the second tlu^ specie's. Thus we 
speak of (lonte.siiat, the donie*stic fly, or 

IIowo sfipien-'i, inode*rn man, assiimi'd to be? wise. 
The first nanu* is the geiu*rie, and the second the? 
spe'citie name*. Tlih Linru'an system has been 
invaluable, and has helped ine*aieiilably towards 
the mapping out e)f the living weald, and the 
study of tlie relations between its various forms. 
But there have; always been diltieulties. Many 
varieties are ofte*n found within one species, and 
many individual elifferences within a variety. 

Disappearance of Catchword Divi- 
sions. When breeding experiments are made, 
and we see how each individual depends for its 
characteristics upon the combination of factois 
in the germ-ee'lls, and how such combinations are 
infinitely various, and when, further, many 
species are found to be fertile when crossed, and 
their jirogeny fertile, too, the whole Linnean 
conception of species, as immutable and separate 
entities, vanishes for ever. No one, again, would 
dream of giving a book such a title as the “ Origin 
of Species.” Mendelism at least clears away a 
great accretion of names and stereotyped ideas 
which cumbered the ground. It is something to 
have the old question of questions stated again 
as .“ the origin of a dominant,” oven though 
positive science offers no hint of an answer 
thereto. 


C. W. SALEEBY 
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THE FORMATION OF A COMPANY 


astonishingly rapid growth ol modern 
bnsiness enterprise is due in an 
overwhelming degree to tlie famous Com- 
panies Act of 1862, which gav(' scrurity 
to the investor by limiting his liability to 
the amount of his share oi* shares in the 
registered company of which lie was a 
member. Before this great Act a share- 
holder was liable to his last pcamv lor the 
debts of the comi)any, and many cases an; 
on record of men being absolutely ruined 
and stripped of every asset tliey possc'ssed, 
because they owned a single share in a 
company that had failed. 'Die passing 
ol the Companies Act, by saving investors 
from this terrihh; risk, inad(‘ availal>le a 
v^ast deal of money for ('omnu^rcial eiUta- 
prise, and gavi; an impetus to trade of 
whicli the British nation look full 
advantage. It is true that the Art led to 
a considerable amount of dishonest spec u- 
lation, but the disadvaiTtages were far 
outweighed by the benefits conferred on 
trade generally. 

A former Chancellor of the Exchequer, 
Lord St. Aldwyu, has balanced uj) the 
pros and cons admirably. “ People have 
a habit,” he said, ” of fixing their minds 
on petty didails of company clelinc|uencies, 
leading them to an irrational demnu iation 
of the entire joint-stock system. Pro- 
moters and company-mongers (!(' make 
illicit protits ; shareholders do Iok- their 
money ; prospectuses arc misleading ; 
directors do accept their ([ualitications 
from promoters when they ouglit not. and 
do try to hush up discreditable transac- 
tioiis. The yearly wreckage of the United 
Kingdom seems very terrible until we 
compare it with the whole vast vc^lume 
of British shipping ; so does company 
wreckage until we compare it with the 
vast joint-stock enterprise. It is the joint- 
stock system, with the co-operative enter- 
prise, Nvliich has by the magic key of 
limited liability unlocked a golden stream 
of national wealth, and has 'done more 
than anything else in our time to stimulate 
and extend vast industrial undertakings 
which, without its aid, would have been 
Utopian and impossible.” 


In tlie last fifty years considerably more 
than a hundred thousand limited liability 
companies have b(‘(‘n registered in luig- 
land, and at present there are at least 
forty thousand (^f these companies doing 
busines^^. th(‘ir paid-up capital aggregating 
neaiiv two thousand millions sterling. It 
is a mistake to suppose, as some do, 
that only largi^ businesses, or compara- 
tivelv large ones, can be turned into 
limited liability companies. Quite a 
number of companies have been rc‘gistcred 
with a capital not excec'ding two hundred 
pounds. 'Die amount of capital actually 
raised, loo. need not be anything like so 
much as the authorised capital that is 
legally allowed to be raised. At least one; 
company has been registered with an 
authorised ('apital ol a hundred inilli<ms 
sterling, but the paid-up capital has never 
exceeded a hundred pounds. Then the 
shares may be issiu'd of any value the* 
promoters think fit. A company regUtored 
in 1891 had a capital ol one thousand 
pounds, (li\’ide(l into Q.fxio.ooo shares (H’ 
a larlhing each, and the total number of 
shares subscribed weis seven, valued at a 
penny t hree-fart hings. 

An advantage that has resulted from the 
principle of limited liability is the way 
in which the area of risk in business 
operations is spread. Under the old 
partnership plan, with unlimited liabilities, 
a few men. matter how rich, might be 
ruined b\’ the mistakes or fraud ol a 
partner. Now, with the large; number of 
shareholders that most compaines have, 
and tlie limitation of their liabilities to the 
amount of their shares, any financial 
failure is participated in by all tlu' share- 
holders and all the creditors, the liabilitie.s 
of each being smaller in proportion than 
they were when misfortune overtook 
business men under the old unlimited 
liability principle. 

Many of the great commercial enterprises 
of today- -great engineering operations, 
great catering businesses, universal stores, 
and so on — would have been impossible 
without the Companies Act, for only 
when the liability of invc.stors is limited 
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to the amount of the shares they take up 
(an people be induced to provide the 
('apital for these enterprises. It is the 
('o-operation of the many small capitalists 
that has enabled the enterprise of British 
(ommercial genius to bring about results 
that have been the admiration, and have 
('ailed forth tlie ('mulation, of the world. 

iMom the passing of the famous Com- 
panies Act of 1862, down to the beginning 
of the pr(‘scnt century, a number of naxli- 
f\ing and additional Acts were pass(^d, 
and lo know and understand these 
thoroughly was a work nixding much 
ability and application. So complicated 
liad tlie law bt'come that it was felt some- 
thing must be done to C(xlify the varicjus 
statutes, and in 1908 the Companies (('on- 
solidation) Act was passed, which now 
('ontains all the law lelating to companies, 
and has supc-rseded the many eaiiiiT 
statutes. Anyone whose aim it is to be a 
s(rreiary (jf a limited liability company 
must gel a copy of this law, and sttuly its 
various provisions if he hopes to be 
eff'K'ient at his work ; and so many are tlu* 
])il falls into which a sc'cretary may fall 
that the man who knows his business 
thoroughly may always be sure of earning 
a good salary. 

There arc, of <'ours(', a few companies 
still existing with unlimited liability, 
and other companies are occasionally 
formed by royal charter, letters patent, 
or under s])eeial Acts of Parliament ; 
but as the great bulk of the business of 
the country is now carried on by limited 
liability ('ompanies, it is witli tliese that 
we shall deal. Since the coming int(j 
force of the ('ompanies Consolidation 
Act of T908, (here have been two 
kinds of limited liability companies — 
private ('ompanies and public companies. 
In order to relieve small companies with 
few shareholders, particularly such as 
those in which the shares are held by 
members of a family or a few personal 
friends, the Act has freed such small 
companies from some of the regulations 
VAhich bind publi('. companies. Among 
their special inivilegcs are the following : 
T hey may register and carry on business 
with a minimum of two members ; they 
need not include their balance-sheet iii 
their annual sutiiniary ; they need not 
forward and fill a statutory report before 
the annual meeting; they are not obliged 
to hie with the Registrar a statement in 
lieu of a pro.spectus, as must the public 
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company ; they need not supply balance- 
sheets and auditors' reports, or give 
facilities for their inspection to preference 
shareholders ; they need not obtain a 
certificate entitlilig them to 4?cgin 
business ; they are exempt from 
rostri('tions as to minimum subscription 
on first allotment of shares ; and they arc 
saved from certain restrictions on the 
appointnunit of directors. According to 
the 1908 Act a private company is a 
(ompany which by its articles restricts 
tlu' rigid to transfer its shares, limits 
the number of its members to fifty 
(exclusive of persons in the employment 
()1 th(' company), and prohibits any 
invitation to the public to subscribe for 
any shares or debentures of tlu^ company. 
A private company, however, subject to 
anything contained in the memorandum or 
articles, may by passing a special resolution 
and by tiling with the Registrar of Com- 
panies su(di a statement in lieu of pros- 
pectus as the company, if a public company, 
would have had to file before allotting 
any of its shares or debentures, together 
with such a statutory declaration as the 
comjmny, if a public company, would 
hav(.‘ had to file before Ix^ginning 
business, turn itself into a public company. 

Pnbli(' ('ompanies are, of course, the 
ordinary limited liability companies, 
usuall\', though not necessarily, with a 
considerable number of shareholders, and 
include all companies but those specially 
referred to above. The description 
“ public ” is used because these companies 
make a public issue of their shares. Any 
seven or more persons may combine to 
form and register such a company. 

Til onh'i* to have a company incorporatcxl 
in hhigland it is ncH'essary to file with the 
Registrar of Joint Stock Companies, at 
Somerset House, in London, a memo- 
randum of association, articles of associa- 
tion (if there arc any), a statement of the 
mmiinal capital of the proposed company 
signed by an officer of the company, the 
situation of the registered office of the 
company, a statutory declaration of 
compliance with the Companies j\ct, and 
a list of persons who have consented to 
act as directors of the company, with a 
form of consent signed by each. Scottish 
companies arc registered in Edinburgh ; 
Irish companies at Dublin. The memoran- 
dum of association must be drawn up with 
care, as it is difficult to alter it after 
registration. It is signed by the original 
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members of the company at tlie date of 
its incorporation, and must contain, . 
according to the Act, the name of the 
company, with “ limited as tlie last 
word^in its name, whether the registered 
office is to be situated in England, Scot- 
land, or Ireland ; the objects for which 
the company is established, a declaration 
that the liability of the members is 
limited, the amount of the share capital 
with which the company proposes to be 
registered, and the number of shares 
of a fixed amount into which it is to be 
divided. No subscriber of the memo- 
randum may take less than one share, 
and each subscriber must write (opposite 
to his name the number of shares he is 
taking in the comi)any. 

Articles of association are the rules 
governing the management of the company, 
and must be drawn up on certain principles 
prescribed by law. Many companies, 
however, do not have any special articles, 
but follow the regulations for the manage- 
ment of a company set forth in 'fiible A 
of the first schedule of the ('om\)anies 
(Consolidation) Act, 1908. 

All the documents necessary for the 
incorporation of a company have to be 
stamped, and it is necessary to know 
what the duties are. The memorandum 
of association and the articles of associa- 
tion must each be stamped as a d(‘ed 
with a ten-shilling stamp, and in addition 
must 'each have a fee stamp, fhat on the 
articles is five shillings, irrespectix'e of the 
amount of the capital, but that on tlui 
memorandum is on a sliding scale. I'he 
minimum is two pounds, and covers the 
first £2000 of nominal capital. Above 
£2000 and up to £5000 th(; fee is one 
pound per thousand, with fiv^e shillings 
for every thousand above £5000 and up 
to £100,000, and a shilling for every 
thousand beyond £100,000 up to £525,000, 
when the maximum fee of £50 is payable. 
The certificate setting forth the nominal 
capital of the company has to pay an 
ad valorem duty of five shillings per cent., 
.so that, if the capital is £100,000, the duty 

£250. Every other document re<iuires 
a five-sliilling stamp. 

All the documents being in order, the 
Registrar of Joint Stock Companies grants 
a certificate of incorporation, and it is 
the usual ciistom for this certificate to be 
framed and hung in the registered offices 
of the company. With regard to these 
registered offices, the Act enjoins that 


" every limited company shall paint or 
affix, and keep painted or affixed, its 
name on the outside of every office or 
place in which its business is carried on, 
in a conspicuous position, in letters easily 
legible.” In addition the company must 
have its name engraven in legible characters 
on its seal, and mentioh(‘d in legible 
characters in all notices, advertisements, 
and other official publications of the 
company, and in all bills of exchang(‘, 
promissory notes, endorsements, checpies, 
and orders for money or goods purporting 
to be signed by or on b(‘half of the company, 
and in all bills of parcels, invoices, receipts, 
and letters of credit of the company. 

If' the company fails to carry out the 
provision with regard to the name being 
affixed outside the offic'e, it is liable to a 
fine not (exceeding five pounds for ewry 
day during whic h its name is not painted 
or affixed in the manner indicated ; and 
if tlie company’s seal or any not ire, 
advertisement, or other official document 
is issued without its name being mcMitioned 
in th(‘ mannl’^r described, the director, 
manager, or officer responsible is liabh* 
to a tine not exceeding fifty pounds, and 
is further personally liable* to the holder of 
any bill of exchange, promissory note, 
checpie, or order for money or goods 
which are so issued. 

The mtmiorandum of association men- 
tions the capital of the company, but 
there are a number of terms in connec'tion 
with capital that must be understood. 
When the memorandum states that the 
company’s capital shall be £100,000, 
divided into twenty thousand ordinary 
shares of live pounds each, this is called tiu* 
authorised capital. It is also known as the 
f Cloistered capital and the nominal capital. 
rhese three terms mean the same thing. 
While thus insuring the legal right to 
raise so much capital, the directors may 
decide to issue for subscription by the 
public only a part of this amount —say. 
£50,000. I'his is called the issued capital. 
The rest of the* nominal capital is called 
tlie unissued capital. But the public may 
not be inclined to subscribe the whole 
of the capital issued. Only £30,000, say, 
may come in. This is called the suhscrtled 
capital. Usually, the directors of a com- 
pany do not ask for the whole value of 
eacli share to be paid up at once by those 
subscribing. A certain proportion has to 
be sent on application, some more on 
allotment, and perhaps a further sum 
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three months later. The total amount of 
th<; subscribed capital thus called for by 
the directors is known as the callctUap 
capital, and the total amount of subscribed 
capital remaining to be called is the 
uncalled capital. The actual amount 
received to date from shareholders is the 
paid-up capital, and the amount remaining 
for the .carrying on (jf business by the 
company after all exp(‘nses connected witli 
the forming of the company, the purchase 
of its assets, and so on, are is known 
as the working capital. 

According to the Coiuj^anies Act of 1908, 

No allotment shall be made of any share 
ca})ital of a company offered to the public 
for subscription unless the following 
(onditions have been complied with, 
namely : (a) the amount (if any) fixed by 
the memorandum or articles and named 
in th(' prospectus as the minimum sub- 
scrij)tion u])on which the directors may 
proceed to allotment ; or (b) if no amount 
is so fixed and named, then the whole 
amount of the sliare capital so offcMcd for 
subscription has been subscribed and tlu^ 
sum payable on application for the 
anunuit so fixed and named, or for 
the whole amount offered for subscription 
has been paid to and received by the 
company.” The amount so fixed and 
named has to be reckoned exclusively 
of any amount payable otherwise than iii 
cash. 'I'he amount payable 011 application 
on each sluiiv shall not be less than 5 
per cent, of the nominal amount of the 
sliare. It is turther specified that ” If the 
ctniditions aforesaid liave not been com- 
])lied with on the expiration of forty days 
alter the first issue of the prospectus, all 
money received from applicants for shares 
sliall be forthwith repaid to them without 
interest ; and if anv such monev is not so 
repaid within forty-eight days after the 
issue of the prospectus, the directors of 
the company shall be jointly and severally 
liable to repay the money with interest 
at the rate (d live per centum per annum 
irom the expiration of the forty-eighth day, 
provided that a director shall not be liable 
if lie proves that the loss of the money 
was not due to any misconduct or 
negligence on his part.”' 

Whoever sets the machinery going for 
the formation of a company is called a 
promoter,” and promoting is now a 
recognised profession with specified respon- 
sibilities, A promoter is an expert in all 
the mattcis preliminary to the registration 
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of a joint-stock company, and he has an 
intimate knowledge of the financial world 
and the investing public. Any personal 
gain he may obtain in promoting a 
company must now be fully divulged to 
independent representatives of the com- 
pany ; and if the public are invited to 
subscribe to the share capital, then they, 
too, must be informed of any gain the 
promoter is obtaining for his work of 
establishing the company. 

W hen the capital of a company is required 
from the public, a prospectus is issued, 
and this is described in the Companies Act 
(1908) as ” Any prospectus, notice, circular, 
advertisement, or other invitation, offering 
to the public for subscription or purchase 
any shares or debentures of a company.’ 
The prospectus is issued by the authority 
of the directors, all of whom must sign it, 
and a dated copy has to be filed with the 
Registiar of Joint Slock Companies on or 
before' the day on which it is published. 
Every prospectus must bear the words 
” This prospectus has been filed with the 
Registrar of joint Stock Companies.” 

The Act of 1908 is very stringent as to 
the prospectus being a fulf disclosure of all 
the facts that should be known to. the 
public who are being asked to subscribe. 
A very long section deals with this point, 
its provisions enumerating the disclosures 
that must be made to ensure complete 
openness on the part of all who may profit 
by the promotion of the company. It 
should be very carefully studied. 

If for any reason a company does not 
issue a public invitation and prepare a pro- 
spectus, it must not, according to the Act, 
allot any of its shares or debentures 
unless, before the first allotment of cither 
shares or debentures, there has been filed 
with the Registrar of Companies a statement 
in lieu of prospectus, signed by every person 
who is named therein as a' director or a 
proposed director of the company, or by 
his agent authorised in writing, in the form 
and containing the particulars set out in 
the Second Schedule to the Act. This, 
however, does not apply to a private 
company. The statement sets*, forth in 
tabulated form most of the facts that arc 
contained in a prospectus. 

Seeing how important it is that the 
prospectus should comply in every point 
with the Companies Act, and make a telling 
appeal to the public who are asked to 
subscribe, it is essential that every pro- 
spectus should be prepared by an expert 
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in company law and business. As can be 
seen, no material fact of interest to share- 
holders must be witliheld, every statement 
made must be capable of substantiation, 
and the whole prospectus should give the 
impression of being a plain and straight- 
forward record of fact . Upon the attract i vo- 
ness of the appeal made, and the pro- 
position suggested, depends the raising of 
the necessary capital, and so the opening 
])art of the prospectus should be drawn up 
with great care. Wlhle not expressing too 
rosy a view of th(‘ future earnings of the 
company, th(‘ possibilities based on some 
definite data should be made attractive 
enough to appeal to persons with money 
to invest ; and, to give ('onfidence, as good 
a board of directors as possible should be 
formed -substantial business names nowa- 
days proving far more attractive than a 
board of titled nobodies. 

d'he most appealing story, as set forth 
in a prospectus, is going to have little 
effect if it is not printed in an attractive 
lorm. Business men and people with 
moiK'y to inx'est do not, of course, want 
'' frills " in a dtcunient inviting them to 
subscribe, but, at the same time, the 
greatest care must be taken that the 
prospectus shall be set up in clear and 
pleasing type, and in such a way that the 
salient facts stand out, and catch the eye 
of the reader at a glance. If a prospectus 
has 1^0 1 an attractive appearance it is so 
much waste paptn', for it will be thrown 
away without having been read. The 
matter should not be left entirely to a 
printer, even if he does a good deal of 
business in prospectus setting. General 
lines must, of course, be followed, but the 
advice of someone who is an expert in 
typography should be sought, and any fee 
that may be paid in getting help of this 
kind is well expended. The proof will have 
to be read very carefully, so that no wrong 
figures may crcci> in, and every amount 
should be checkecl before the fin.al printing. 
With every prospectus is .sent an appli- 
cation form, which the recipient can fill up 
with th(i minimum of trouble when he 
applies for shares, and this usually has to 
be sent with a cheque to the company’s 
bankers. It reads something like this : To 
the Directors of the Mid-China Mining Com- 
pany, Limited. Gentlemen, having paid 

to your bankers the sum of £ 

being a deposit of 2s. 6d. per share on 

application for ordinary shares 

of £i each of the Mid-China Mining Com- 


pany, Limited, I hereby re(piest that you 
will allot me that number of shares, and I 
agree to accept such .shares, or any less 
number that may be allotted to me, upon 
the terms of the prospectus of the com- 
pany, dated July loth. 1914. and the 
memorandum and articles of association, 
and 1 authorise \'ou to place rny name* 
upon the register of shart'holders in 
respect of any shares so allot t(‘d to me, 
and 1 agree to ])ay the .amount due on 
allotment and further instalments as and 
when the same become due." Tlam follows 
a ])la('e for the signature and address. At 
the bottom, with a perforated line, so that 
it ('an be easily torn off, is a form of 
bauk(T’s recei])t. which is hik'd up by the 
bank wlu'n it receivi's the applii'ant’s 
clR'(pie, and j^osted to him. The rec(‘ipt 
usually bears tlu' words : “ 'Phis rc'ceij^t, 
when returned from the bank(Ts, should 
be preserved b\' the a])})li('ant, to be 
ex('hanged, with tlu* iTceipts for the 
remaining payment-, in diu* course foi' a 
share ('ertiheate." 

The application usually lias to be sc'iit 
o the company’s bankers, but sometimt's it 
aas to be sent to the I'ompany’s rc'gisterc'd 
office direct, and sometimes to their brokers. 

Tlu' pros}-)ertus(‘S. being ready, have now 
to be issiu'd ; that is, in some way brought 
before the notice of likely investors. In 
the old da\’s i*nvel(.)pes were addressed 
from directories, but now there are sevc'ral 
addressing agi'iicies who have organised 
the busiiu'ss on a highly .scientific, basis. 
Th(‘y ha>'e carefully compiled lists ol 
selected names, and can usually proxide a 
big list of persons likedy to be inteivsted 
in any particular financial proposition. 
This has, of course. simplifiiHl the issuing 
of a pros])eclus, and saved a great di^al of 
waste in printing and postage, for unck'r 
the old method of using directories pro- 
miscuously the wastage was enormous. 
These lists include special selections of 
persons interested in mining companies, in 
industrial concerns, in railway under- 
takings, and so on. 

These agencies address the envelopes, 
and will insert the prospectus with the 
application form, and any other necessary 
document, and post the wliole batch. 
Prospectuses should always be sent out in 
envelopes of a fairly g(X)d quality, and 
should be stamped with penny stamps 
rather than franked in bulk by the Post 
Office. The ordinary stamp method gives 
individuality to each envelope. 
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Besides sending out some thousands^ 
of prospectuses to likely investors, an* 
abridged prospectus is usually printed in 
the advertisement columns of the best 
daily newspapers and the financial journals, 
'riiis advertising should be placed in the 
hands of some reputable firm of adver- 
tising agents who make a speciality of 
prospectus work. It will be just as cheaply 
and far better done than it the promoter 
tries himself to deal with the different 
papers individually. Many points have 
to be considered carefully, such as the 
position in the newspaper where the 
advertisement is to appc'ar, the day on 
which it is to come out, and so on. It 
would be a mistake to advertise a pro- 
spectus on a day when many other pro- 
spectuses, all appealing for the investors’ 
money, are also advertised. If, too, the 
papers were full of some exciting news, 
such, for instance, as the loss of a big liner, 
attention would be diverted from the 
advertised prospectus, and it might very 
largely miss fire. 

In a prospectus the time during which 
the lists will be kept open is stated, 
usually two or three days, and during 
that time applications for shares will 
probably be coming in if the company is 
an attractive one. If different kinds of 
shares — ordinary, preference, and so on 
—are off (red at the same time, it is a good 
plan to have the application forms for the 
different kinds of shares different colours : 
this prevents any mixing up of the appli- 
cations in the company’s office. When 
the time for closing the lists has expired, 
the application forms are collected fnun 
the bank and numbered consecutively. 
Particulars of these applications are then 
tabulated on slu^ets, the names being 
written alphabetically. The sheets arc 
ruled into columns for the number 
of the application, the date of application, 
the applicant’s name, his address, his 
occupation, the number of shaves applied 
tor, the amount paid on application, the 
date of allotment, the number of shares 
allotted, their numbers (from and to so- 
and-so), the number of the allotment 
letter, the total amount due on allotment, 
the folio in the share ledger, and the 
number of the share certificate. When 
all the applications have been thus 
analysed and entered on the sheets, the 
secretary totals up the number of shares 
applied for, to see if the minimum on which 
the company may go to allotment has 
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been subscribed. If it has not, then the 
directors may not go to allotment, and 
they must return all the amounts received 
to the applicants. If more than the issue 
capital is subscribed— that is, if there are 
applications for more shares thah are 
available — then the applications are gone 
through carefully, and to some applicants 
are sent what are known as letters of regret 
— that is, formal notes saying that the 
directors regret they are unable to allot 
the shares applied for, and they therefore 
enclose a cheque for the amount paid 
on application. The applications thus 
eliminated are usually those from persons 
whom the directors consider least desirable 
— members of rival firms, and so on. Even 
aftc^r throwing out these, there may still not 
be enough shares to meet all the appli- 
cations. In such case the directors decide 
how many shall be allotted to each appli- 
cant : and if fewen* are allotted than were 
applied for, the balance of the money sent 
on application is usually held to go 
towards the money payable on allotment. 

^ Preliminaries settled, the directors go 
to allotment. They hold a meeting 
of the board, when the secretary will 
report that, as a result of issuing the pro- 
spectus, applications for so inany shares 
have been received, details of which are 
given on the sheets laid before the meeting. 
The directors then resolve that so many 
shares be allotted, the resolution being 
worded something like this : “That 50,000 
ordinary share of £1 each be and arc 
hereby allotted to the persons whose 
names, addresses, and descriptions are 
respectively set forth in the allotment 
sheets now before the board, in accord- 
ance with the number of shares specified 
in the allotment columns therein, and 
that the secretary be and is hereby in- 
structed to issue the necessary allotment 
letters and letters of regret forthwith, and 
to return the application money where- 
ever necessary.” 

The letters of allotment are now sent to 
applicants to whom shares have been 
allotted. A printed form is jused, the 
details being filled in for each particular 
letter, and it is very important that there 
shall be no error in these or in the letters 
of regret. Every letter should be checked 
by someone other than the person who 
made it out. The wording will be some- 
thing like this: The Mid-China Mining 
Company, Limited. Dear Sir, — I am in-, 
structed by the directors of the Mid-China 
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Mining Company to inform you that in 
response to your application they have 
allotted you one hundred ordinary shares 
of £l each in the company. The amount 
now due from you in respect of these 
shares is £25, bein^ 5s. per share payable 
upon allotment. Will you kindly pay 
this amount to the company’s bankers, 
The Far Eastern Bank, 25, Cornhill Place, 
London, E.C., on or before August loth, 
1914 ? — I am, etc.” 

The letters of allotment should be 
posted as soon as possible, and a carefully 
certified note kept of the date and place of 
posting, as, until this has been done, an 
applicant may withdraw his application. 
Once, however, the letters of allotment 
are posted, there can be no withdrawal 
on the part of either the applicant or 
the company. Letters of allotment for 
amounts of five pounds and upwards must 
be stamped with a sixpenny stamp ; 
those for less than five pounds, with a penny 
stamp. Allotment has to be made within 
forty days after the first issue of the com- 
pany’s prospectus, and if this is not done 
all moneys received must be returned in 
full to the applicants. 

An allotment made to an applicant in 
contravention of the provisions laid down 
by the Companies (Consolidation) Act, 
1908, is voidable at the instance of the 
applicant within one month after the 
holdipg of the statutory meeting of the 
company, and not later, and is so voidable 
notwithstanding that the company is in 
course of being wound up. Any director 
who knowingly contravenes or permits or 
authorises the contraventions of any of the 
provisions with respect to allotment is 
liable to compensate the company and the 
allottee respectively for any loss or damage 
they may have sustained thereby. 

As the allotments are made and the 
letters of allotment sent out, the names of 
the shareholders have to be entered in the 
share register. This is a book specially 
ruled with columns for the following items 
in consecutive order : First come “Shares 
acquired '' as follows : The date of allot- 
ment or c f registration of transfer ; the 
number of the transfer deed or allotment 
letter, folio, number of shares acquired, 
distinctive numbers of shares, amount 
paid up, number of the certificate. Then 
comes Shares disposed of ” as follows : 
Date transfer registered, number of trans- 
fer deed, folio, number of shares trans- 
ferred, distinctive numbers, amount paid 


on shares. Tn the succeeding columns are 
particulars of the amounts paid on the 
shares and the dates of the different calls. 
Each shareholder has a double page in the 
register, with his name, address, and de- 
scription at the top. Entries are also made 
in the share ledger, and then the share cer- 
tificates must be made out and sent to the 
shareholders. A single certificate may 
include all the shares of one class held by 
a member. The certificate is usually 
more or less ornate, records the fact that 
So-and-so is the registered holder of so 
many ordinary or preferciu'c^ shares of so 
much each in such and such a company, 
the shares being numbered from, say, loi 
to 201 consecutively. In the book the 
certificates are in three parts, with per- 
forations to separate them. There is the 
counterfoil that remains in tlie book, the 
('ertificate itself, and the receipt or form 
of acknowledgement which the share- 
holder sends back to the secretary. 
According to the Companies Act, 1908, 
“ a certificate under the common seal of 
the company knd specifying any shares or 
stocks held by any member shall be prima 
facie evidence of the title of the member 
to the shares or stock. The certificates 
for the different classes of shares are 
usually printed in different colours. 

Within one month after the allotment 
of the shares, a return of the allotments, 
stating the numbers and nominal amounts 
of the shares comprised in the allotment, 
the names, addresses, and descriptions of 
the allottees, and the amount, if any, paid or 
due and payable on each share, must be filed 
with the Registrar of Companies. Where 
the shares are allotted as fully or partly 
paid up otherwise than in cash, a contract 
in writing constituting the title of the 
allottee to the allotment, together with 
any contract of sale, or for services or other 
consideration in respect of which that 
allotment was made, such contracts being 
stamped, and a return stating the number 
and nominal amount of shares so allotted, 
the extent to which they are to be treated 
as paid up, and the consideration for which 
they have been allotted, must be filed. 

Sometimes when a company is being 
formed, or when new capital is being 
raised, certain persons guarantee to obtain 
subscribers for the capital, and for this 
they receive a commission on the nominal 
amount of the shares they guarantee. This 
is called underwriting, and the guarantor is 
an underwriter. CHARLES RAY 
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The Discovery of the Rontgen Rays and their Use in Surgery. 

Theories Concerning their Effects. Laws of Radiation. 

THE WONDERFUL RONTGEN RAYS 


are already quite familiar with the fact that 
the radiations called light have variously been 
conceived as consisting of undulations or vibra- 
tions in the ether, or of minute material particles 
moving through space at high speeds. Wo know, 
also, that the latter or Newtonian view is now 
disproved; but it is extremely important, for 
us to recognise that the word radintion is now 
used in physical science to cover two very 
different things — first, various wave motions 
in the ftther; and. second, various corpuscular 
motions which are not light but which have a 
very striking rcs(^mblancc to Newte^n’s theoiy of 
light. We may quote from Mr. Soddy, one of the 
most distinguished of the workers in this field, a 
definition of the use of the word radiation in its 
wide modern sense. He says “ the t(‘rm radiation 
is proxierly applied to indicate an influence 
transmitted radialbj from its source to its sur- 
roundings, and capable of trav(!r.sing vacuous 
space without occupying in its transmission a 
period of time great enough to bo srmsible und<*r 
ordinary circumstances.” The reader will not be 
misled by Mr. Soddy’s use of the word vacMons. 
It mean^i vacuous as regards ponderable matter, 
but certainly not vacuous as regards the ether. 

The WorR of Sir William CrboKes. Tt 
was Sir William Crookes who first recognised the 
existence of radiations more or U;ss corresponding 
to the tyj)e itmigined by Newton. In order to 
understand his discovery, wo must briefly note the 
elementary facts of a vacuum tube. An electric 
curn^nl can bo made, under favourable conditions, 
to spark across a gap of air, but a veiy great 
measure of electric force is necessary to maintain 
any appreciable discharge across even a very 
small interval of air at the atmospherit; pressure, 
while a still greater force is needed to start the 
process. The passage of the spark is made very 
much easier by lowering the atmospheric pres- 
sure. This can be easily shown by sealing plati- 
num wires, which act as electrodes, or conveyers 
of electricity, into small glass tubes, most of the 
air of which has been removed. But at this point 
we cannot do better than quote from another dis- 
tinguished worker in this Held, Mr. Wlietham. 

“ For many years these vacuum tubes, 
as they are called, were the electrical playthings 
of the laboratory and popular lecture-room. 
Recent discoveries have raised them from the 
position of scientific toys to the rank of pieces 
of apparatus whereby have been made some of 
the greatest discoveries in physical knowledge 
that the present generation has seen. Tliroiigh 
such a tube, in which the pressure of the air 
is only a small part of an atmosphere, a discharge 
may readily bo passed by the aid of a voltaic 
batteiy ana an induction coil, or by the use of 
an influence eleotno machine. As in liquid 


conductors, the ek^ctrode by whicli the current 
enters is called the anode^ and that by whi(;h it 
leaves, the cathode. Starting from the cathode, 
we first see a bright glow covering its surface, 
then a space, suoceoded by a second dark space, 
beyond which is a luminous column reaching to 
the anode. Within certain limits of pressure 
and strength of current this positive column, as 
it has been called, shows fluctuating striations. 
If the length of the tube bo increased, it is this 
positive column alone wdiich increases with it ; 
tlui two dark spaces and the negative glow vary 
very little with the length of the tube.” 

The Cathode Rays. Sir William Crookes 
proceeded to study the consequences of making 
the vacuum in such r. tulw (extremely high, atul 
he discovered, as som^ of his predecessors 
had suspected, that certain rays are produced, 
which we now know as cathode, rays. The greater 
the exhaustion of the tube the greater becomes 
the size of the dark space or “Crookes’ dark 
space,” around the cathode. At last this fills 
the whole tube|, and the glass opposite the 
cathode Ix'gins to display a green phosphorescent 
appearance. Furthermore, if a mica screen bt‘ 
intei’posed Indween the phosphorescent glass and 
the catho<lo, a shadow which is notable for its 
sharp delinition appears, demonstrating that 
some kind of rays, able to produce pliosphores- 
cciice in glass, are being thrown out from 
the cathode in straight lines. 'I’ho properties 
of these cathode rays aiu extremely remarkable. 
'J’lu*y profiuee heat in any body which obstructs 
them, and they possess energy, since they will 
drive round a littb^ windmill placed in their way 
'I'hey will actually produce so much heat as under 
favourable comlitions will suflicc for melting 
a piece of platinum wire or ehamng a diamond. 

The Cathode Rays and Magnetism. 
Most interesting of all are the relations of 
these cathode rays to a magnet, which deflects 
them. 'I’he deflection is that which would be 
exjKMfled ill the case of negatively-electrified 
particles travelling along tin* path of these rays. 
.Says Sir Joseph J. Thomson, summing up 
the resi'arehes which have since been made un 
this point : “ Thus the cathode rays carry a 
charge of negative eloclricity, they arc deflected 
by an electric field as if they were negatively 
electrified, and are acted on by a magnetic force 
in just the way this force would act on a nega- 
tively-electrified body moving along the patJi of 
the rays. There is, therefore, every reason for 
believing that they are charges of negative 
electricity in rapid motion, and by measuring 
the deflection produced by magnetic and electric 
fields we can determine the velocity with which 
these particles move and the ratio of the moss 
^f the particle to the charge carried by it.” 
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It is interesting to note that Sir William 
Crookes gave a correct explanation of the cathode 
rays from the first. He said that they were 
“ streams of negatively electrified particles pro 
jeeted normally from the cathode with great 
velocity.” 

Rdntgen’s RemarKable Discovery. 

Professor Rontgen was enabled to observe the 
invisible rays that go by his name, in virtue of 
the fact that he happened to be keeping some 
photographic plates, well covered, in the neigh- 
bourhood of a very highly exhausted vaciuuni 
tube. He then found that those plates looked as if 
they had been exposed to light. This was well 
worth looking into. He found that if he used 
a screen covered with some phosphorescent 
bubstance, it began to glow brilliantly under 
the influence of something that emerged from 
the tube. Further, he found that certain sub- 
stances obstructed this something, while others 
did not. “ He found that if a thick piece of metal 
were placed between the bulb and the phos- 
phorescent screen a sharp shadow of the mCtal 
was cast upon the screen, but that other sub- 
stances, such as wood and thin pieces of alu- 
minium, cast but slight shadows, showing that 
the agent which produced the phosphorescence 
could traverse with considt'rable freedom bodies 
which are opaques to ordinary light. He found 
that as a general rule the greater the density 
of the substance, the greater its opacity to this 
agent. Thus, while the effect produced by the 
phosphorescence could pass through the flesh, it 
was stopped by the bones of the hand, so that 
if a hand were held between the discharge tube 
and the phosphorescent screen the outline 
of the bones was distinctly visible as a- shadow 
cast on the screen ; or if a purse containing coins 
were placed bctw(‘(*n the tube and the screen, 
the purse itself threw but little shadow, while 
the coins cast a dark one.” 

Character of the X-Rays. Professor 
Rontgen was worthy of his good fortune, and 
ma<lo the most of it. Ho show'cd that the rays 
move in straight lines, and that on ptissing from 
one medium to another they undergo no re- 
fraction. Unlike the cathode rays, they arc 
unaffected by a magnet. Sir J, *1. Thomson 
says that he has ‘‘ sent the rays through a mag- 
netic field of about 8000 lines of force per square 
centimetre for a distance of about a eentimetre 
without pnKlucing any aiiprociablc defect.” 

In certain notable respects the rays resemble 
light. Like light, they arc propagated in straight 
lineMf they feebly stimulate the retina, they 
affect the photographic plate, they are not 
deflected by electric or magnetic influence, and 
so on. Furthermore, the absence of any re- 
fraction does not exclude the possibility of their 
being really identical with light. Sir Joseph 
Thomson points out that, according to any 
theory of refraction — which we must conceive 
as dependent u^n the ratio between the period 
of vibration of the refracting body and the period 
of the vibrations of light — “ there would be no 
tefraotion for light of very small period, and this 
would also be true if, instead of regular periodic 
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undulations, we have a pulse of eloctromagnetio 
disturbance, provided the time taken by light to 
travel over the thickness of the pulse be email 
compared with the periods of vibration of the 
molecules of the refracting substance.” 

At a comparatively early stage in the inquiry 
it was found that the Rdntgen rays vary some- 
what according to the conditions under which 
they are produced. This is an important matter 
theoretically, since it suggests, for instance, 
t hat there may be a whole series of “ notes 
of Rontgen rays, corresponding to the notes or 
eoloui’s of visible light. Pliysicians and surgeons 
also have come to recognise the extreme im- 
])ortance of distinguishing the various kinds of 
Rontgen rays, since one kind may have a curative 
effect which is entirely absent from the others. If 
the vacuum tube has not been exhausted to any 
very great degree — the gaseous pressure within 
it, "therefore, .remaining pretty high, with the 
consequence that the potential difference between 
its electrodes is small and the velocity of the 
corpuscles between them corroBpondingly low — 
the Rontgen rays produced outside the tube are 
called soft rays, and have the character that they 
are very readily absorbed. 

Penetrating Power of the Rays. Very 
different, indeed, is the penetrating power of 
the rays produced in a tube which is very highly 
exhausted. In such a tube, where tho potential 
difference between the two electrodes is high, 
the cathode rays travel with much greater speed, 
and the variety of tho Rontgen rays they then 
produce are called hard, rays. Says Sir J. J. 
Thomson : “ With a highly exhausted tube 

and a largo induction coil it is possible to get 
appreciable effects from rays which have 
passed through sheets of iron or brass several 
millimetres thick. The penetrating power of 
the rays thus varies with the pressure in the 
lube ; as the pressure in the tube gradually 
diminishes, when the, discharge is kept running 
through the tube, the type, of discharge pro- 
ceeding from the tube is continually changing. 
Not only do different bulbs emit different kinds of 
rays, but the same bulb may emit, at the same 
time, rays of different kinds. Tho property by 
which it is most convenient to identify a ray is 
the absorption it suffc^rs when it passes through 
a certain thickness of aluminium and tinfoil.” 
But, nevertheless, experiments made on this 
jioint show that the rays vary among themselves 
even more than was thought; and, as has before 
been stated, this question of the difference 
between various kinds of Rontgen rays is not 
only one of great physical interest, but may 
also frequently be a matter of life and death. 

Nature of the Rontgen Rays. For years 
it could not be said that the real nature of 
tho Rontgen rays was pravedt though in all 
probability they were neither material particles 
nor longitudinal waves in the ether, as the dis- 
coverer himself had suggested, but consisted of 
transverse ethereal disturbances. But if they wero 
transver^ they ought to be polorisable, and 
until (^uite lately all attempts to polarise them 
had failed. The use of tourmaline plates gave 
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no evidence of ix)larisation. Subsequently, 
however, another method was employed, m 
describing which wo may quote from Mr. 
Strutt, who is the son and lieir of Lord Rayleigh, 
a former President of the Royal Society, and 
affords a conspicuous instance of inherited 
scientific genius. He has made very important 
contributions to various aspects of the subject 
which wo arc now discussing, 

“ The rays,” says Mr. Strutt, “ are allowed 
to fall on some light substance, such as paper or 
carbon. Under these circumstances the paper or 
carbon becomes itself a source of rays — secondary 
rays, as they are called. Thean ount of secondary 
radiation in any fixed sid(‘ways direction is 


the point if it were applied to broken bones, the 
position of which is often very difficult but always 
very important to ascertain. Nowadays a 
thoroughly up-to-date surgcHjn with a perfect 
equipment and plenty of time not only uses the 
Rontgen mys in every case of fractun*, but, 
after the fracture has been set, and the band- 
ages and splints and all have been put on, 
takes another photograph, so as to make quite 
surt^ that the fragments of the bone are lying in 
perfect position. 

The Enormous Gain to Humanity. 

The 8iirg(‘on acts similarly in the case of disloca- 
tions, in the ease of bullets, and needles. On 
this mere point of linding nc'cdlos the reader 


found to vary, as 
the vacuum bulb 
giving out the 
original rays is 
made to turn round 
in such a way as to 
rotate the beam of 
rays on itself, with- 
out changing its 
direction. This 
proves that the 
beam has a on(‘- 
sidetl character, and 
establishes most 
satisfactorily that 
the vibrations must 
be in a traiisv(‘rse 
dir(‘-ction ; for if the 
vibrations were 
longitudinal it is im- 
])os.sil)Io to conceive 
how turning the 
beam round could 
make any difference. 
Later /ind more 
<? 1 a b o r a t o experi - 
iiK'iits have shown 
that this one-sided - 
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can have little idea 
how many women 
the discovery of the 
Udntgen rays has 
beneHU'd. h\irther- 
more, it is quite 
easily possible to see 
the movements of 
the heart by means 
of tin? Rirntgen rays, 
and this has enablc*d 
doctors to contirm 
the theories formerly 
Ji(;ld as to the causa- 
tion of the various 
sounds y)roduced by 
the normal and tho 
abnormal heart. 
Many cases of tho 
disease known as 
aneurism can also 
be readily detected 
by the size of the 
shadow which tho 
diseased artery 
throws upon the 
screen. Further- 
more, tho early 


ness is much more marked in the secondary rays 
themselves than in the original ones from the bulb.” 

This must obviously bo regarded as (;on- 
clusivcly proving that the Rontgen rays an*, 
(‘ssentially identical with light. If we could show 
finally that the rays have Ihe samc^ speed as 
light wc might regard our proof of their nature as 
complete. It has been attempted “to compare 
the speed of tho rays with the speed of electric 
waves travelling along a wire, which is known 
to be tho same as that of light,” and th<*se 
experiments seem to show that, as might bo 
expected, the velocity tlio Rontgen rays is 
identical with that of light. 


signs of consumption or tuberculosis of tho lungs 
can bo detected by tho increased opacity which 
this disease causes to tlieso rays, and some ob- 
servers are of o] union that the disease can be 
thus diagnosed sooner than by any other means. 
The radiographic observation of consumptive 
lungs has also been employed in order to study 
the effects of special modes of treatment. 
Again, there is a large number of different 
kinds of stone occurring in the body, the 
presence of which can bo (Ictected by the 
shadow which they east under these rays-^ a 
means of diagnosis which is now of the utmost 
value in surgery. 


Uses of the Rontgen Rays. Let us now 

turn from tho purely physical aspect of this 
study to the question of utility, which, as a 
matter of fact, has advanced very much more 
i^pidly than the purely scientific question. No 
sooner had Professor Rontgen demonstrated 
the fact that ho could see his own bones, or 
rather their shadows, projected by the rays 
than tho surgeons turned the fact to account. 
Plainly, this property would be very much to 


The Rontgen Rays and Living 
Matter. It is a curious circumstance that, 
so far as can be judged, the X-rays have no 
deleteriou.s action upon microbes. This is 
curious, because, as we shall see, they are of very 
great value indeed in the treatment of various 
diseases of miorobic origin. When the Rontgen 
rays arc allowed to act upon the skin,^ they cause 
a number of remarkable changes in time. They 
very often destroy entirely tho roots of the hair. 
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thoiigh hitherto it has not been possible to con- 
trol the production and character of the rays in 
sufficient degree to justify their use as a substitute 
for the razor in the case of persons who spend a 
considerable part of their lives in keeping down a 
beard; and the reader is warned against the 
aprilication of the rays for depilatory purpr^s. 
The skin itself is also apt to undergo various 
changes, which may amount either to Bcycrc 
inflammation or even to actual destruction. 
It is the lamentable fact, also, that the ulcers 
produced by these rays sometimes become 
cancerous. Doctors and their assistants, work- 
ing in the Rdntgen ray departments of hospitals, 
are now learning that it is necessary to protect 
themselves by means of leaden gloves or shields. 
The most opaque substances to the Rdntgen rays 
are platinum, mcrciiiy, bismuth, lead, and silver. 

Diseases Cured by Rdntgen Rays- 

The public arc already familiar with the use of the 
Rdntgen rays in diagnosis, l)ut in quite rec<^‘nt 
times they have been eiiqiloyed as a means of 
treatment, and in many castes their use has been 
followed by the most astonishing, not to say 
unexpected, success. Like ultra-violet light, the 
Rdntgen rays are perfectly elfoctivo in curing 
lupus, but their penetrative power is far greater. 
In the therapeutic use of ultra-violet light, great 
importance is attached to the exclusion of 
much blood as possible from the area of the skin 
to bo acted upon, for even the thinnest film of 
blood absorbs th(*so rays. Veiy different, how- 
ever, are the Rdntgen rays, whieh will pass right 
through the body, and thus their range of (‘inploy- 
ment as therapeutic agents is very much greater 
than that of ultra-violet light. The Rdntgen 
rays will cure deeply situated cases of lupus 
against which the t^nsen treatment seems to 
be entirely i>owerh\ss. 

Besidi’w this disease, a dozen other disc'ases 
of the skin might bo named, including notably 
ringworm and its allies, w'hieh are curable, and 
{iro now constantly treated, by the Rdntgen 
rays. Much more important is the conquest by 
this means of one variety of cancer — that known- 
03 rodmt ulcer. It is true that this is by far the 
loovsl malignant variety of canetT, and the reason 
why it alone is susceptible to the action of the 
Rdntgen rays is doubtless that it is also the 
most superficial variety. Jhit rodent ulcer is a 
common disease, and no words can say how 
magnificent is the gain involved in the displace- 
ment of the knife by these rays in the treatment 
of this once terrible disease. 

Cures by IJ^bnlgen Rays. These 
facts raise questions of the very greatest 
scientific interest, and more especially when wo 
realise that the rays apparently have no anti- 
septic action in the ordinaiy sense. The cuix's 
they effect seem to be due to their stimulation 
of the tissues of the body, and the question we 
must ask ourselves, without any possibility as 
yet of answering it, is ; How do those electro- 
magnotio pulses so aflect living matter as to give 
rise to these consequences ? Science will have 
advanced much further before it is possible to 
explain these facts in physioo-chemioal terms. 
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The rapid advance of the physics of the 
Rdntgen rays has been of great value, of conr^, 
as regards their application in what used to be 
called physic. Notably, it is now being found 
that when rays of the right kind are employed 
in sufficient abundance their therapeutic action 
is very far from being confined to the surface of 
the body. On the contrary, there are various 
diseases" of the internal organs, most of them 
responsive to no other kind of treatment, .in 
which great gain results to the patient from the 
employment of the Rdntgen rays. It is nothing, 
short of amazing to contemplate the revolution 
in many branches both of surgery and of 
medicine w'hich has been effected in a few short 
years as a direct consequence of Professor 
kdntgon’s first observation. 

All-important for use is the recently gained 
power of exactly controlling the nature of the 
particular rays cm])loycd. It was not enough 
to have a radiation mostly hard but including 
many soft rays, or vice versa, for in cither case 
the minority of the rays employed were doing, 
or liable to do, that which they should not. 
But when the clinician can be provided with 
radiation that is all, or practically all, hard or 
soft, great possibilities arc oj)cned. Internal 
organs, and above all the reproductive glands, 
are strikingly affected by the liard rays, losing 
their nornuii pow’^ers of forming the germ-cclls. 
It is evidently nccessar}’* that such a fact should 
bo known, now that the hard rays are so largely 
employed. On the other hand., the hard rays 
have an effect, much to bo desired, upon malig- 
nant cells, in the same direction. The ex- 
planation of the parallel action probably is that 
young and rapidly growing cells arc chiefly 
susceptible to Ihe rays — and both the germinal 
and malignant tissues answer to this description. 

But it is j)ractically impossible to bring the 
hard rays, as at present j>rocliiced, to bear upon 
deep-seated malignant growths. Hence the 
tragic interest which attaches to the apparently 
well-vouehed-for discovery of a new type of 
vaciuun tube, whieh produces rays of a hardness 
or })enetrative power hitherto unprecedented. 
This (bolidge tube, as it is called after its in- 
ventor, has yet to be studied on this side of the 
Atlantic, but hopes are entertained that it may 
more than rival the best doings of radium itself 
in tlie treatment of malignant growths. 

The Theory of Radiation. Wo have 
now completed our discussion of many various 
kinds of radiation. We have said all that there 
is time to say of the rays of ordinary light, the 
ultra-violet rays, the infra-red rays of radiant 
heat, and the Rontgen rays. The proposition 
has been submitted that, widely Itiough those 
differ from one another in respect of their physical 
properties, and still more widely in reapeot 
of their influence upon our senses, yet they 
are one and all to be regarded, together with 
many other radiations known and unknown, as 
fundamentally identical. 

For our present purposes, then, we must 
dismiss the differences between these ' various 
kinds of rays, atid must consider the extremely 



difficult subject of radiation in general, recog- 
nising that by this term we include radiations 
visible and invisible. 

Radiation and Temperature. This 
is one of the most complex subjects in the 
whole of physics, and we can jirescnt it merely 
in outline, ^fon^ important than any of 
its detfiils is the recognition by the student 
that there is, or may be, a general theoiy of 
radiation. Perhaps the first fact w'orthy of 
being insisted upon is the extreme intimacy of 
the relation between radiation jind temperature. 
This is of the utmost importance in n'spect of 
theory, and of equal importance because of the 
remarkable information which the ajiplication 
of this princi])lc affords us when we turn to the 
study of the stars. Lot us recall for a monumt 
what we have learnt regarding heat. Wo have 
seen that heat may be transfoiTcd by I'onduction, 
by convection, or by radiation, but now we 
may consider more critically this last process, 
which we shall find to be fundamentally different 
from the other two. We know that a radiant 
body in consequence of its radiation cools. Wc^ 
know also that the bodies which absorb the 
radiation are heated, but are we entitled to 
apply the term heat to that which passes between 
the radiating and tlu^ absorbing bodies ? Tlu? 
nature of the problem is usually obscured by the 
language we c'mploy. We describe what ])asses 
as radinni heat. But the critical reader will have 
already noticed that there is a fuiidanumtal 
distinction between Ibis radiant beat which, 
according to our latest studies, is none other 
than an eIe(;lromagnctic ])h(‘nomenon of t ho o1 her, 
and the ordinary lu‘at, which coasists, as we have 
said, of a vibration of certain material molecules. 

We may use the words of the late l’iof(‘ss('r 
Tail in proof that radiant beat is not r(‘ally licuit 
at all, though it may be in some way caused 
by heat ami in some way cause heat. “ When 
a piece of clear ict' is cut into lli(? form of a 
large burning-glass, it can be emjiloyed to 
inflame tim>)cr by concentrating tlu* suns 
rays, and the lens floes the work nearly as 
ra])idly as if it had b(*en made' of glass. It 
is certainly not what wc ordinarily call heat 
which can be transmitted under conditions like 
these. Badiation is undoubtedly a transference 
of energy, which was in the form commonly 
called heat in the radiating body, and becomes 
heat in a body which absorbs it ; but it is trans- 
formed, as it leaves the lirst body, and rotrans- 
formed when it is absorbed by the second.” 

Visible and Invisible Light. The 
reader will understand that the term “ radiating ” 
in the above quotation includes all luminous 
bodies. Wo are speaking now not merely of 
radiant lieat, but of light as well. This wo 
shall see by another quotation showing the 
absolute continuity between the visible and 
the invisible. “The more intensely a cannon- 
ball is heated, the more luminous docs it 
become, and also the more nearly white is 
the light which it gives out. So well is this 
known that in almost all forms of civilised 
speech there are terms corresi^nding to our 
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‘red-hot,* ‘white-hot,’ etc. As another in- 
stance, suppose a powerful electric cuiTcnt is 
made to pass through a stout iron wire. The 
wire becomes gnulually hotter, uj) to a certain 
])oint, at which the loss by radiation and con- 
vection just balances the gain of heat by electric 
resistance. And as it becomes hotter the amount 
of its radiation increases, till at a definite tem- 
perature it becomes just visible in the dark by rod 
rays of low rofrangibility. As it becomes still 
hotter, the whole radiation increases ; the red 
rays formerly given off become more luminons, 
and are. joined l)y others of higher refrangibility. 
This prfjcess goes on, th(^ whole amonnt of radia- 
tion still increasing, each kind of visibh' light 
becoming more intense, and now rays of light of 
higher refrangibility coming in, until the whole 
b(H*omes white — that is, gives oif all the more? 
efficient kinds of visible light in much the same 
relative proportion ns that in which they exist 
in sunlight. When the circuit is broken, exactly 
the same phenomena occur in the r(*voi‘so order, 
the various kinds of light disappearing later as 
their refrangibility is If'ss. But the radiation 
continues, growing weaker every instant, ev'on 
after the whole is dark.” 

This illustration affords one more* ])roof of 
the continuity betwecai the visible and the 
invisible, but it also constitutes an illustration 
of the proposition ^hat IIuto is a definite relation 
between temperature and radiation. Jf w(* 
translate what happens into the best symbols 
that we know, wo must imagine that as the mole- 
cules of the wire become hotter and the character 
of their vibrations alters, so they give rise to 
ethereal vav(‘s of shorter and shorter wavc- 
l(‘ngths and gr('at(*r and greater frequency. 

The Laws of Radiation. The whok' of 
radiation, then, is one ])h(‘nomonon. Let us 
now eonsider what general propositions ean be 
advancc'd beside that of tb(^ relation b(ffwer*n 
tc'inperature and radiation. Nearly half a 
century ago Balfour Stewart showed “ fho 
ahsiflutc uniformity, qualitative as well as 
quantitative, of the radiation at all points and in 
all directions within an enclosure im])ervioiJS to 
heat when thermal equilibrium has once been 
arrived at.” He sliowed, by many (‘xperinu'nts 
and observations, that radiation and absor])tion 
rigorously compensate each other, not merely in 
<piantily but in quality also, so that a body which 
is sjjccially absorptive of one particular ray is in 
the same proportion specially radijitive of the 
same ray, if its temperature be the same in 
IkAIi cases. Stewart's final statement was tbat 
“at any temperature a body'^s radiation is ex- 
actly the same, both as to quality and quantity, 
as that of its absorption from the radiation of a 
black body at the same temperature.” 

The last proposition shows that Stewart worked 
first at radiant heat, but his propositions were 
true alike of light. In short, they arc true of 
radiation in general. Balfour Stewart’s work 
was, indeed, a confirmation and extension of the 
very important idea first enunciated by Provost 
in 1791, and called by him the Imiv of ExcMnqes, 
C. W. SALEEBY 
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Arches. Centering for Arches and Vaults. Fireplaces. 

Chimney Fiues and Stacks. Smoky Chimneys and Remedies. 

BRICKWORK CONSTRUCTION 

ikackin^ Hack. It is desirable that as far ^ centre is formed ; two boards are cut to 

as possible all the walls of a building should required shape from planks 1 in. to IJ in. 

proceed uniformly, so that at no time may there thick, placed at such a distance apart as corre- 

be any great difforonee in level between the top of spends to the width of the soffit, and secured 
any one wall and another. This cannot always cross-pieces nailetl below at eo/di end ; the 

bo strictly followed, and where a change of uppe^r surfac(‘s have a serii's of woodc'ii strips 

level must occur between one part and another across and nailed to e.ach. These strips are 

it is best to form this by racking hack rather termed Ingginga [99]. 

than by toothing. Racking back consists in g‘'^tiged work, the laggings are laid closely 

setting back each course at t he end of the higher side by side, and the centre which is formed thus 
W'all a quarter brick beyond the course below is termed for other classes of arches 

[84, pago 2724]. There is less liability of a they are fixed at short intervals, 
settlement occurring in this case than when Built-up Centres. Where the rise of 
toothing is employed. the arch is so great that the support cannot bo 

Temporary oixmings may be formed in brick cut out of a single board, the two sides must each 

walls for the passage to and fro of materials and be built up of two thicknesses of wood, so 

workmen, or for similar purposes, by toothing arranged as I o break joint, and nailed or screwed 

the sides and forming the top with oversailing togetlu'r ; the outer edgbs are cut to the curve 

courses; such openings are often protected from of the required arch, and laggings are used as 

damage by short boards fixed against the head. before [102]. 

Brick Arches. Where permanent open- In the case of arches of considerable rise and 
ings occur in brick w'alls, they are usually span, each of the side supports may require to bo 

covered by arches also formed of brick. In strongly framed a^d strutted in order to support 

external walls, for the sake of appearance, no tlie load ; the form of centre will vary with that 

bearer or lintol of wood or iron is, as a rule, of the arch, which may be segmental [99], semi - 

admissible; but on the inner part of the wall circular ( 102], pointed [101], or elliptical [100]; 

where the ojiening is often covered by joinery but, except in the case of arches of very long span, 

or plaster, the opening is covered by a horizontal whch sometimes have intermediate support, they 

beam termed a lintol, either of wood or concrete', slioidcl be designed so as to throw the w(*ight of 

and the arch is eonstrueted above the lintol. the centre ami its load on to the two ends. 

Such arches, which are termed relieving or For large spans, in which the centres have to 

discharging arches, are, as a rule, segmental in support very ht'avy loads, it will not suffice 

form, p-nd the skcwbacks should tje formed to rely on either nails or screws for holding the 

at the extreme end of the lintol; upon them sides of the, eenlre truly in form. The centres, 

a core is constructed in brickwork and mortar then, instead of being built up in thicknesses, are 

shaped so as to form a permanent centre to tlu' cut from heavier timbers and are framed together 

arch which is built up upon it [97]. Witli wlien* the timbers are joined; thi? timbers are 

concrete lintoLs, the upper surface is usucilly disposed so as to form the side into a timber truss, 

cast segmental in form, to n?ceive the bricks rigid in form, which may be supported at the two 

of the arch directly. ends ; eurvod pieces must bo addt'd to the 

Centering for Arches. Turning Pieces, regular tinilM-rs forming tlie tniss where necessary 

Wliere arches have to be constructed over give the form required for the arch, 

voids, without lintols, a temporary provision Supporting Centres. It is only in the 

must bo made to support them until the mortar case of turning pieces and centres for quite small 

is set. In the case of an arch above the reveals spans that the method of support already de- 

of a window, which, as a rule, is only half a brick scribed will suffice. For heavier work, the centres 

thick on the soffit, if the rise be small enough to are supported by struts, the lower ends of which 

allow of a support being cut out of a single rest on some solid support, sucJi as the sill of a 

plank or board, this is usually done ; a board window opening cir the threshold of a door. If 

3 in. thick is used and the upper side is cut to the soffit be wide enough to require it, two struts 

the curve of the arch to be struck, and the must be provided on each side, with a cross-piece 

under side is loft horizontal ; it is fixed upon forming the head, which should come under the 

supports nailed to the jambs of the m)ening, and cross-piece below the end of the (rentre. Between 

is termed a turning 'piece [98]. The arch is these, two folding wedges (99] are inserted, and 

constructed on the back of this, which is left in by their means the levt'l of the centre is 
position till the brickwork is set. adjusted. When the brickwork is considered to 

If the soffit of the arch exceed half a brick be quite set these wedges are loosened, and the 

in width, a single turning piece will not suffice, centre is dropped slightly, so that it is no longer 
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in contact with the coffit ; this is termed 
thft centre, and should always take place prior to 
the final removal, which is termed striking the 
centre. After easing, the brickwork should be 
examined to see that no settlement or failure 
occurs before striking takes place. 

Centres for Vaults. In the case of 
vaults, if the form is that of a plain, cylindrical, 
elliptical, or pointed one, it is practical^ treated 
like an arch with a very wide soffit, and in addi- 
tion to the inner and outer frames, intermediate 
ones must bo used to support the laggings. 

If the vault be a groined one, formed by the 
intersection of two plain vaults, we shall require, 
in dealing with a square bay, four frames, all 
similar, for the four main faces ; there must be 
in addition two diagonal frames intc^rsecting at 
the centre, and marking the lines of intersection 
of the two vaults. If the vault be a largo one 
intermediate frames may bo introduced into 
each of the four compartments, to assist in sup- 
porting the laggings, which are laid on parallel 
to the axes of the two intersecting vaults, and 
meet above the diagonal frames. 

Centres that have been stnick may be re-used 
for other openings of the same size ; they aro, 
however, usually made of rough material, and 
are, as a rule, broken up when finished with. 

Various Kinds of BricK Arches. 
Brick arches may be divided into (a) Common, or 
Rough archcii f97], (ft) Axed arches [98], and (c) 
Gauged arches [99], according to the treal ment 
of the bricks of which they arc formed. Common 
arches are used for all positions in rough and 
common wwk, and in better classes of work they 
are used for most positions in which the arch is 
covered by joinery or plaster. 

In this form of arch the bricks are used without 
any cutting ; it is usual to form all arnlu^s of a 
depth equal to at least two bricks laid on edge, 
and the depth is in all cases a multiple of 4 J in. In 
the case of all arches, except those in which the 
springing and the centre are at the same level, 
a skewback r99] must be formed to receive 
each end of the arch ; this is prepared by cutting 
the bricks carefully to the necessary inclination, 
which is found by "drawing a line from the centre 
from which the curve is struck to the point in 
the jamb from which the arch springs, and pro- 
ducing it. 

Building the Arch. When the centre is 
in po.sition a wdiole brierk is laid on end parallel 
<o the skewback, and forms the commencement 
of the arch at each side ; one such brick occurs 
for every half-brick in the thickness of the soffit 
of the arch. Between those end bricks a. row of 
bricks on edge is laid on the core, or wood centre, 
starting from the two sides and meeting at the 
centre of the arch. The bricks must bo set out 
so that the mortar joint is fine at the lower edge of 
the brick and broad at the lop to make up the 
excess of length in the extrados beyond that of the 
intrados. If the width of the soffit be a half- 
brick, only bate will have to be used ; if it be 
one brick thick, headers are iised; and beyond 
this thickness headers and bats are used as 
required do os to bond. Such a row of bricks in 
an arch, equal in height to e half-brick, is termed 
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a ring, and the arch is described as a two-ring ti 
three-ring arch, and so on, corresponding with a 
depth of two, three, or more half-bricks. When 
the first ring is completed as described the second 
ring Is formed above it, but the radiating joints 
between the bricks will not coincide with those 
of the first ring, but break joint with them, and 
so also with subsequent rings. 

As a rule, in architectural work it is rarely 
necessary to employ arches exceeding three rings 
in depth or four at the outside, but where deep 
arches aro required, which only occurs with a 
wide span, there is sometimes a tendency for the 
rings to settle separately and to separate from 
each other. To obviate this, carefully boncted 
blocks of brick termed bonding blocks extending 
through the full depth of the arch are intro- 
duced at intervals in such arches [103], or 
blocks of stone may be substituted. Arches 
are occasionally constructed of one ring of bricks 
only in depth, but, as a rule, for any span up 
to 6 ft. a two-ring arch is employed ; from this 
width up to ir> ft. a three-ring arch, and up 
to 24 ft. a four-ring arch. 

In the case of arches of large span it may be 
necessary to load tem|x>rarily the crown of the 
centre to prevent it from being distorted by the 
pressure on the sides. In the case of a brick 
vault, if of barrel form it is treated like an arch 
with a wide soffit, but if groined great care must 
be taken in forming the groins, the bricks for 
which must be axed or rubbed to the required 
form. The construction is facilitated by the use of 
groining ribs, which arc in reality independent 
arches, and these may bo first constructed on their 
own centres and the general surface afterwards 
filled in on smaller separate centres ; this system 
is usually adopted for stone vaults. 

Arches in Axed and Gauged Work. 
Axed and gauged arches have the bricks pre- 
pared as already detailed for these two classes of 
work, the latter having fine putty joints, and 
being used for the best class of work, but they 
may be described together so far as general 
treatment is concerned. 

The essential difference between both of them 
and a rough arch is that instead of using parallel- 
sided bricks the bricks are cut or rubbed into 
a wedge-shaped block termed a vouasoir [105], 
while the joints are of uniform thickness through- 
out; and the excess in length of Ijie extrados 
over that of the intrados is thus formed in the 
brick and not in the mortar joint [99], giving a 
greatly improved appearance to the work, but 
adding to its cost. Whatever the depth of the 
arch, each vousaoir extends through the full 
depth, and is, whore necessary, formed of two 
or more bricks in height, so that a complete 
bond may be secured; but the wMth of each 
voussoir at the extrados cannot exceed the 
width of a brick, and if the arch be deep the 
width at the intrados is much reduced. 

Any of the ordinary forms of arch described 
under Rough Arches as capable of construction 
can be better formed for facing work either as 
axed or rubbed arches, and, in a(]^ition, the 
form known as a flat arch [101] may be utilised. 
This is a true arch, being in effect a portion cut 
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out of a larger Bogmental arch; the joints do 
not, however, radiate truly, but arc formed by 
dividing both the extradas and in trades into 
such a number of equal divisions as will 
result in tliere being a central voussoir to the 
arch, and by drawing lines between the two 
series of points thus obtained. 

Forming the Voussoirs. The voussoirs, 
if made up of two or more bricks in height, are 
out or rubbed so as to give horizontal inter- 
mediate joints, and adjoining voussoirs are so 
jointed as to break joint 1106). It will be 
noticed that in cutting the bri(*ks for a straight 
arch there is much waste [105], and wliero the 
depth of an arch is formed of a header and 
stretcher the aetual depth is usually redueod to 
about 12 in. In scniieiroular, segmental, and 
jiointed arehes there need l)(; no loss in depth ; 
the width alone is reduced. 

In forming the sides of sueh voussoirs it is usual 
to cut a groove V -shaped in section in gauged 
brickwork, so that when two voussoirs are placed 
in contact a small cavity is formed which will bo 
filled during the process of setting by putty ; 
this will haid(*n, and assists to prevent the bricks 
from shifting laterally; this is termed a jo'jtjled 
joint. 

Any such arch may have a moulding or group 
of mouldings run round the edge. Arehes similar 
in form to axed arches may bo formed with 
purpose-made bricks moulded to the required 
form, but if arches of various spans arc struck 
with radii of different lengths each arch will 
require separate forms of bricks. It is desirable 
to use specially-made bricks for all arti(!l(j3 
executed in glazed brick, as the glazed siirfaco 
is apt to be ehipjM'd in the process of cutting. 

Fireplaces. In forming firepla<*es it 
usually happens in mo<lern liouses tliat tho 
walls are not thick enough to allow of tho 
necessary recess being made in them, and where a 
tireplace is required the wall has to bo thiekenod. 
This may be done if th(* wall is extornal on the 
outside [107 cj by |)roj(‘eting the back beyoml 
tho outor taco of tho W'lill, or on the inside by 
projecting tho front, termed the chimney/- break 
into the room [107 b| ; but in all eases where 
a w'all is thickened for this ])urpose the footings 
need not be inennised in d(’pth, but may have tho 
same number of courses as in the adjoining \vall. 

In the ease of a j)arting wall, the projection 
must be into the room, and the back of the 
recess must be at hvist 4 in. from the centre 
of the party wall [107 nj. In the ease, of an 
internal wall the projection is usually into the 
room, and if two tire places occur back to back 
the projection is considerable ; if they cun be 
arranged side by side the projection may bo 
reduced, but in such cases tho fireplace will not 
come centrally in the breast [107 Ej. 

In some cases it is convenient to form a fire- 
place across an angle of a room and two or more 
may occur in adjoining rooms so as to form a 
stack [107 f]. On an upper floor a chimney - 
breast may be corbelled out from a wall, but tho 
extent to which it projects should not exceed tho 
thickness of the wall carrying it [ 88 , page 2724]. 
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Forming the HeaHh. The opening 
itself commences at least 3 in. below the floor 
level to give depth for a hearth of stone, cement, 
tiles, or other incombustible material, and the 
floor in front of the breast is trimmed if formed 
of timber [see Carpentry] — except on the 
lowest floor, whore a fender wall may be formed. 
The space thus formed, which must extend 
1 ft. 0 in. at least in front of the breast and 6 in. 
oh each side of the opening, is occupied by a 
trimmer arch [113|, or by a concrete bed sup- 
ported on angWi-irons spiked to the wwd joints 
[111] or on an iron boxing [112]. 

The Fireplace Opening. The width 
and height of the opening vary with the kind of 
grate to bo inserted. The top of the opening 
is rarely lower than 3 ft. from the floor, and may 
bo considerably higher ; the width should be 
at least 1 ft. (5 in. for tho smallest bod-room 
grate, and about 3 ft. is usual, and oven more 
is required, for many grates and ranges. 

It is w(41 to make the openings amply large ; 
they may easily bo tilled in with brickwork 
afterwards, but it is troubh^some to enlarge 
them. Tlio opening is finished at tho top by 
a rough brick arch, which is usually formed 
on a wrought -iron entnborod bar, termed a 
chimney bar^ about 24 in. wide and J in. to 
I in. tliick. The end', of this should be 9 in. 
fong, and are split, one hnlf bent iqi, tho other 
down, to build into brick joints. Behind this 
arch, wliich carries tho front of the breast and 
is usually only one-half brick in iliiekness, 
the sides are gathered over until the width in 
reduced to that of the flue which is to be carried 
up [109]. 'flic flue may rise from the centre 
or from cither side, and sometimes a ledge is 
formed to (;heck down-draught [109 c-c]. In 
gathering over, tho Iowit edges of tin* bricks are 
rough cut, so as to give jin evenly- inclined 
surface. A block of cone ret <% y)erforat(d fo” 
the flue opening, may \y^ sid) itituted for the 
arch and gathering ov(‘r [109 d-d]. 

Chimney Flues. Flues are usually 0 in. 
square or 9 in. by 14 in. — rarely larger for ordinary 
domestic work, but for tho furnaces of hot -water 
apparatus and large cooking stoves larger 
flues may be required. They are surrounded 
throughout and separated from eacli other hy 
brickwork at least one-half brick thick, and 
the separating or enclosing wall thus formed 
is termed a wythe [108] ; every fireplace has a 
separate flue carried up to above the roof level. 
Where several flues ooour close together, as when 
two or more fireplaces occur on a floor in close 
proximity, or a series of fireplaces arc formed on 
successive floors, one above the other, they are 
combined into a block termed a chimney stack 
[109]; a special method of bonding is made 
use of, known as chimney bond, mainly com- 
posed of headers [1C8]. 

In forming flues, which may be carried up 
vertically, inclined at any angle, and even twisted 
on their axis if occasion require, great care is 
necessary to see that tho proper s^tional area 
is nowhere reduced ; if this occur the flue is 
said to be crimed. 



EXAMPLES OF BRICKWORK CONSTRUCTION 



CHIMNEY BHEAMT AND OPENING TOP OF CHIMNEY STACK 

Showing inlet of ventilating flue on loft Showing outlet of ventilating fluo 
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Any flue inclined at an angle flatter than 
♦5 degrees requires to be provided with openings 
fitted with soot doors to facilitate sweeping. 
These soot doors consist of a small iron door 
and frame which is built into the side of the 
flue and which, when closed, is perfectly air- 
tight, but which can be op(‘ned for sweeping. 

Parging and Coring. As the flue 
is formed it is carefully plastered on the 
inside — the process is termed jmrfjing or 
pdrrjeting [108]; its object is to fill up 
all joints in the brickwork Jind to present a 
smooth, ov(*n internal surface to facilitate 
cleansing. The mortar used for parging usually 
has coW'tIung mixed with it, in the proportion 
of three parts of dung to one part of lime, 
whicli forms a tough material less liable to 
crack than ordinary plaster. The construction 
of the flue requires carefid watching to see that 
after parging no mortar droppings arc allowed 
to fall on the finished surface, or, if tlu^y fall, 
are at once removed. The host x)Ian is to block 
the opening below the Icvcd at which work is 
carried on by a bundle of shavings, On com- 
pletion the flues are cored by passing a stiff wire 
brush down to clear away mortar droppings. 
Sometimes a solid woodem ball S in. in dianu^ter 
is passed down every flue to ensure that no 
<*rii)pling has taken place. The t(q) of the flue 
is often finished with a circular terra-cotta 
{)ot ; this may be plain and stand only a few 
inches al)ovo the biickwork, its object Ixang 
to protect the bricks round the top from damage 
when the chimney is swept ; and in some eases 
lues are lined throughout with similar tulx's, 
ind do not then lequire parging. in other 
?ases ornamental chimney-pots are employed, 
which may stand nearly their full height abov(^ 
th(^ brickwork. Tlie flat top of the brickwork is 
finished witli a weatliered cement surface, liore 
termed flauvching ( 109], com])letely covering the 
top of the l)riekwork and finishing against the 
pot. Various special forms of pot have been de- 
signed to counteract down-draught in the Hues, 
and consequent smoking fire[)laces, some of wliieh 
are of earthenware, but they include tall — some- 
times bent — pipes of zinc known as taU-lxnjSy 
formed with a flange at tin* bottom \vhich rests 
on the brickwork, and is scoinvd to it ; some of 
these terminate with a rotating cowl. 

Smoky Chimneys. It i.s often difficult 
to euro a smoky chimney if its cemdition is duo 
to faulty construction or d'sign, and the follow- 
ing points should ho carefully attended to. 

The thic must on no account be crippled. 
No connection with any second firc'plac^e or 
stove should ho made. The flue of a domestic 
fireplace should not be perfectly vertical through- 
out its height, but at some point it should be 
carried over to one side or the other to such an 
extent at least, that it is impossible to see sky 
through tho fluft from the fire opening. The 
top of the flue sliould not be finished below the 
level of the ridge of a high roof, or tho wind, 
when in certain quarters, may sweep over the 
ridge down upon the chimney and create down- 
draught. A smoky chimney is not infrequently 
due to an imidei^uate supply of air to some other 


fireplace in which a good fire is burning, which, 
if unable to draw sufficient quantity of air from 
other sources, creates a down draught in the 
neighbouring fluo ; tliis may often be remedied 
by taking an air shaft from tho outer air tc 
the neighbourhood of the hearth. 

The Use of Dampers. In forming fines 
from all kinds of furnaces, including coppers, and 
from kitchen ranges, a damper is usually built in ; 
this consists of a sheet of iron tho full width of 
the flue, which usually slides in an iron groove 
built into it, and when closed entirely blocks 
the flue ; it can, however, be drawn out 
so as to leave it quite open or be fixed at any 
int(‘rmediato point, thus regulating the draught 
in the Hue, the rate at which the fini burns, and 
the particular part of the range it is desired, at 
the time, to heat — e.g.y llie oven, boiler, etc. 

Setting Stoves. The actual stove or 
grate in which the fire is lighted must be built 
into the rough opening already described. Such 
stoves vary much in form ; some are entirely 
formed of fireclay or brick, and most have a 
fireclay back and sides. They arc placed ir 
tho reees.s, and should be set in brickwork, caro 
bc'ing taken to fill up tho back as well as the 
front, so that no cavity is h‘ft in which soot 
may accumulate, except in those eases in which 
a special warm air ch«ainbor is formed behind 
the stove, for introducing warm air into the 
room. Particular care must bo taken to close 
tho space between the front of the stove and tho 
opening, as if this be not properly done smoke 
is lial>ki to issue from it around the ornamental 
front or chimney- })ieco. 

Setting Ranges. Ranges vary greatly in 
form and size. Some arc tot mod self-scM ting, 
and merely re(juire to be stoixi in a pjvparocl 
opening with the fine pipe taken up into the 
chiinmy, the bottom of which may be closed. 
With many ranges the work is more (X)jnplicatcd ; 
they usually include a fire-box, whicli may be 
open or clo.sed; and one or more ovens and a 
side or back boiler. In setting them it is ni'ces- 
sary to construct tho Hue or ilut's fiom the 
fire-box to the chimney, so that tho heat from 
the fire may be directed as desired, either mainly 
to heat the water in the boiler or to heat one 
of the ovens ; each of these fliies must, therefore, 
be controlled by a damper. This work is best 
executed in firebrick set in fireclay, but this 
is not absolutely necessary for small ranges ; 
in all cases it is important that the instructions 
for forming the flues, which arc supplied by the 
makers of many special forms of range, should 
have careful attention. 

Furnace Flues. All flues from boating 
apparatus cooking stoves and ranges, except 
rangt's in private houses, and siraiSir flues in 
which a somewhat fierce and continuous heat 
is usual, should be surrounded by at least 9 in. 
of hiickw’ork, and should be formed with fire- 
brick if the heat is great. In most districts the 
conditions governing the construction of fire- 
places, flues, ovens, factory chimneys, and 
similar works are dealt with by tho local 
building regulations, which should be consulted. 

R. ELSEY SMITH 
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J^xtihct Reptiles! LlzardSi Chameleons, 

Snakes, Crocodiles, Tortoises, and Turtles. 

REPTILES 


R BPTiifES are cold-blooded vertebrates, in 
which the pure, and impure blood poured 
.into the -heart are not kept entirely separate, 
as in birds and mammals. The limbs, when 
present, do not (in exisjbing forms) raise the body 
flur blf the ground, for. < the elbows and knees 
are turned outwards; five digits are typically 
present* in either extremity. The body is 
covered with horny scales, and there may also 
be an armour of bony plates in the skin. All 
reptiles develop from hard or tough-shelled 
6gg8» which in a few cases are hatched within 
the body of the mother, but are more usually 
laid in some warm spot. The young, when they 
first make their appearance, resemble miniature 
adults, and have to shift for themselves. 

EktiUct Reptiles. During the Secondary 
epoch reptiles were the dominant group of back- 
boned animals on land, while some were adapted 
to a marine life, and in others the fore-limbs were 
converted into wings. By the beginning of the 
Tertiary epoch most of the reptilian orders had 
become extinct, unable, it would seem, to 
compete successfully with mammals and birds, 
their own improved relatives. To these extinct 
types a few words may be devoted. [For details 
see Geology.] 

Dinosaurs. The very large order of Dinosaur.^ 
— t.c., “ terrible reptiles ” — included a great 
variety of forms, of which same were quite small, 
while others surpassed all existing land animals 
in size. Some were vegetarians, others actively 
predaceous ; some lived on the dry land, others 
preferred swamps, fresh waters, or even the zoiu^ 
between tide marks. While most dinosaurs weix^ 
quadrupeds, some developed powerful hind limbs 
of disproportionate length, upon which they 
hopped or walked about.. In such cases the 
adaptation to progression on two legs brought 
about certain • structural resemblances to birds, 
but those do not indicate close affinities between 
the two groups. ... 

Monsters of the Sea and Air. Among 
the extinct marine reptiles the Ichihyosaurn 
(“ fish lizards ”) were large animals with 
fish-shaped bodies, paddle- like limbs, and long 
jaws, abundantly furnished with strong conical 
teeth. The largo size of their eyes indicates 
that they were of nocturnal habit. The 
fleeiomurs resembled the foregoing in general 
shape and in the character of their limbs, but 
the cbiAparatively small head was borne on a 
long, flexible neck, which probably had much the 
same bed as that^ of a swan, enabling its 
O8so8ik>r to search for food under water without 
aving' to divfe. 

Siten iiiord interesting than the above marine 
n^bnstets were the. extinct Pteromura (“ winged 
reptiles • nrhiph . hunted for -thdr 'food in the 


air, and were, of most varied sizes. The skin was 
drawn out into a flying membrane, disposeil very 
much like that of a bat. But while in the latter 
all four fingers are greatly elongated into slender 
8up^>orts for this membrane, only the little one 
was so modified in a pterosaur, and formed a 
strong jointed rod, by which the outer edge of 
the wing was strengthened. Hence, as already 
remarked, no less than three totally distinct 
kinds of flying organs have been evolved by 
backboned animals — that is to say, by bats, birds, 
and pterosaurs respective!}'. 

Although so many groups of reptiles have 
entirely died out, the class is still abundantly 
represented among existing backboned animals, 
and the recent species may be grouped into 
five orders — Le. (1) Tuataras (Rhynchpcephala)^ 
(2) Lizards (Lacertilia), (3) Snakes (Ophidia), 

(4) Turtles and Tortoises (Chelonia), and 

(5) Crocodiles (Crocodilia). 

Tuataras. This group of reptiles was 
abundantly represented in the earlier part of the 
Secondaiy epoch. -and corresponds in many 
ways to the stock^rom which reptiles in -general 
have taken origin. It included a number of 
lizard-like forms, presenting many priraitivo 
characters, and now almost entirely extinct, 
being represented only by the Tuatara (Hatteria)^ 
which lives on some small islands in the Bay of 
i^lenty, Now Zealand. It has only been saved 
from extinction by the fact that New Zealand 
became isolatc'd at an early date, so that better- 
eqiiip|u'd forms have b(‘cn to a very large extent 
kept out of these islands. 

Liz;ards. These may perhaps be described 
as the most average of existing reptiles, and have 
a very wide distribution. Four small species arc 
native to Britain, and of these the little sand- 
lizard {Larerta agilia) may often be seen during 
the summer basking in the sun on banks or 
scrubby slopes. As long, however, as it remains 
motionless it is likely to escape observat ion, for 
its mottled brownish skin harmonises with tho 
surroundings, and affords a good example of 
protective coloration. The little animal is 
capable of very rai>id movement, darting quickly 
upon its prey,, which consists of insects, worms, 
and other small creatures. 

Examination of a lizard or its skeleton enables 
us to grasp very clearly some of the average 
characters of reptiles, such as tho sprawling 
limbs and long tail. In many instances the last- 
named member plays ah important part in 
protecting its owner from an untimely end, for 
it easily snaps across if suddenly seized by 
an enemy, and time may thus be afforded fgr 
escape. There is a weak place in the backbone 
which makes this somewhat curious procedure 
possible. . Some of tho tropical lizards are of very 


THIS GROUP EMBRACES BOTANY, Z00L06Y, AND BACTERIOLOGV 

2871 




GROUP 15— NATURAL HISTORY 

considerable size, attaining a length of as much 
as 6 ft., as in the iguanas of America, some of 
which are esteemed as food. These are among 
the climbing members of the order, other 
examples being the geckoes and chameleons of 
tlie Old World, both of which are animals of 
small size. The former have curious pads under 
th(‘ir toes, studded with peculiarly shaped hairs, 
and enabling the owners to scramble up a 
smooth wall with facility. 

A Quick-change Artist. Chameleons are 
proverbial for the way in which they rapidly 
change colour if ])laced 
among fresh surround- 
ings, so as to harmonise 
with them. This variable 
g e n (‘ r a 1 coloration is 
pr )toctive, because it 
makes the chanu'leon in- 
visible to its foes, and 
also aggressive, as llie 
insect j)rey of the little 
lizard are tluTeby lulled 
into a sense of falscj 
security. The digits are 
bound together into two 
groups, and a tongs* like 
grasping organ of grc'ai 
eHicicncy is thus const i* 
tuted. The chameleon is 
also notable for the rela- 
tively enormous distance 
to which it can suddenly 
slioot out its sticky club- 
shaped tongue, for the 
purpose of seizing insects 
or other small creatures. 

Two 8tag('s in the pro- 
cess arc shown. 

Some lizards have be- 
come adapted to make 
their w ay tliroiigli dense 
vegetation by tlie acqui- 
sition of an eel-sliaped 
form, and the reduction or even the complete 
loss of the limbs. Our liarmless native blindworm 
(Angnis jriKjilis), often mistaken for a snake, is 
in reality one of the limbless lizards. 

Snakes. These reptiles are the most dominant 
existing n*presentatives of their class, and are 
closely relattid to the lizards. They have under- 
gone the siune kind of modification in shape and 
reduction in limbs just fuentioned for certain 
inembers of that order. The limbs, in fact, 
have almost always entirely disappeared, except 
that in a few instances, the pythons, for instance, 
the hind ones are represented by a pair of insig- 
nificant stumps, each of which terminates in 
a claw. 

How Snakes Glide. Upon the underside 
of most snakes will be found a double series 
of large, horny shields, to which the ends of the 
vpry numerous ribs are attached. By means 
of appropriate muscles the ribs can be moved 
so as to bring these shields forward, one after the 
other, the net result being a rapid gliding motion 
of pj ogrcs.sion. One may almost be permitted 
to sa> f Ijat a snake walks on the ends of its ribs. 
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At the same time the body undulates from side 
to side — not up and down — in a wriggling or 
writhing fashion. The extremely flexible back- 
bone permits of this, but to guard against dis- 
location the vertebras are connected by extra 
locking -joints, which only permit a certain 
amount of play. It is, however, comparatively 
easy to break the back of a snake by a sharp 
blow with a stick or whip. 

Snakes, like lizards, are very commonly 
coloured in such a way that they may harmonise 
with their surroundings, this serving the double 
purpose above described. 
A good many poisonous 
forms, on the other hand, 
advertise their dangerous 
properties by brilliant 
hues and striking pat- 
terns. Such warning 
coloration ” is seen, for 
example, in the coral 
snakes of tropical 
A m c r i c a, which are 
marked with broad red 
rings, alternating with 
others of whitish tint, 
sliading into black at the 
front and back of each 
ring. Those coral snakes 
serve as models which 
certain harmless forms 
1 1 nconscioiisly m i rn i c, 
thus securing a certain 
amount of immunity 
from attack by sailing 
under false colours. 

Snakes that W am. 
In the American rattle- 
snak(‘s, ateaeli periodical 
casting of the skin or 
slough, a litflo knob 
roinains at the end 
of the tail. A series 
of these loosely united 
together make up the “ rattle,” used for the 
production of warning sounds. The “ hissing ” 
of a snake has the same purpose. Venomous 
snakes also commonly assume a warning atti- 
tude, raising the front part of the body from 
the ground and, in some cases, as illustrated by 
the cobra, inflating a kind of hood — in this 
particular instance bringing a black, spectacle- 
shaped mark into prominence. 

But in these and other animals it must not 
bo supposed that the ” warning ” is for the 
benefit of the prey, but may be taken as a hint 
to aggressive birds and mammals that discretion 
is the better part of valour. The success of 
this device is shown by the tersor with which 
all monkeys regard serpents. 

Abnormal Feeding Capacity. Snakes 
are essentially carnivorous, and, with the excep- 
tion of some small, degenerate forms that 
pursue earthworms underground, are able 
to swallow animals which are very much larger 
than themselves ; this gluttonous procedure 
often bringing its own punishment, for the 
state of lethargy which suoceeds the bolting of 



a meal affords a favourable opportunity for the 
onslaught of enemies. Feeding in this way is 
rendered possible by the extreme j)ower of 
dilatation the body possesses, which is partly 
duo to the absence of a breast- bone and shoulder- 
bones. The two bones of the lower jaw are not 
firmly united, as usual, at their tip, but merely 
connected by an elastic ligament, which easily 
stretches. To prevent chofong 
during the tedious process of 
swallowing, the top of the 1 
windpipe is drawn out into a 
long cone, which temporarily 
protrudes from the side of 
the mouth. , 

(.• Non.Poisonous Forms. 

A large number of snakes are 
non- poisonous, and these possess 
numerous conical back ward ly 
pointing teeth on the edges of 
the jaws and roof of the mouih 
which are of no use for chew- 
ing, but hold the prey firmly 
and prevent its escape. Our 
common native grass-snake 
(Tropidoriotus nntrix) is a good 
example of such forms. It is 
particularly fond of the neigh- 
bourhood of streams, and is 
an expert swimmer. Its 
favourite food eonsists of 
frogs and fishes. Innocuous 
snakes also inehuk? the largest 
members of the order — that is, 
the boas and pythons of tropical America, 
which crush comparatively Large mammals into 
a shapeless mass that is gradually swallow'cd 
after lubrication with the abtmdant saliva. 

Poisonous Forms. In venomous serjx'nts 
some of the glands o[)ening into tli(^ mouth 
secrete a poisonous 
fluid, which is in- 
troduced into the 
blood of a bitten 
victim. The largest 
atiMMmt of special- 
isation is foiuul 
among the vijjcj^, 
where the teeth 
arc reduced to a 
pair of hollow 
“ fangs ” ill the 
front of the u])per 
jaw, and there arc 
two large poison- 
glands, one on 
either side of the [ 
head, giving it a - 
characteristic re-^ 
semblance to the 
ace of spades. The mere shajx*! of the head is 
however, no certain test as to the venomous or 
innocuous character of any given form. 

In a state of rest, when the mouth is shut, 
the poison-fangs are pressed against the roof 
of the mouth, . with their- tips directed back- 
wards. But when the snake opens its mouth 
and “strikes’* the fangs are rotated forward, 
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SO that their sharp tips can be brought into 
action. The poison flows^into the upper end 
of the tcK)th- canal and, in vipers, enters the 
wound by a sm.all hole on the side of the ti]). 
Were it at the end a blockage might result. 
We have, in fact, an anticipation of the 
device used in the construction of the noodles 
employed with hyjmdermic syringes. 

It may bo well to call atten- 
tion to the oxtomal character- 
istics of our only native 
poisonous snake — that is, the 
adder {PeJiaa berusf), which is a 
species of viper. It is particu- 
larly common on sandy moor- 
lands. Besides the 8padc-sha})ed 
head, note the dark, broad, 
zigzag stripe on the upper side 
of the body. 

The Cure for a SnaKe- 
Bite. A venomous serp<mt is 
not poisoned by the absorp- 
tion of its ow'ii poison, because 
its blood contains a comf)lex 
“ dofimsivc proteid ” which 
renders this harmless. It is 
fmtunately possible to make 
an artificial extract of this 
.substance for given spe(;ies, 
which appears to be the only 
certain cure for the more 
virulent forms of bites. 

It may not be superfluous to 
remark that the forked tongue 
of a snake, which can be shot in and out with 
great rapidity, is not a “ sting,” but a very 
delicate organ of touch, it also possibly serves 
to attract the attention of victims by exerting 
a sort of hypnotic influence — th(' so-called “ fas- 
cination.*' It is at least certain that small 

m inmralsand birds 
’ often seem as if 
t hey were paraly.sed 
; on the approach of 
I one of these insidi- 
; ous foes, and make 
no efforts to (‘scape. 
j Though natural- 
ists do not know 
of any m a r i n ti 
animal correspond- 
ing to t he legendary 
“great sea-ser- 
pent,” or kraken, 
a number of aquatic 
snakes inhabit thc^ 
..Indian Ocean, 
though the.se are 
much too small to 
bo the origin of the 
Some of them have the tail flattened 
from side to side for ustj as a propeller, and all 
are extremely poisonous. 

A.n Egg-Eating Snake. One kind of 
snake (Rachiodon) has discovered the nutritious 
properties of a diet consisting of birds’ eggs, 
and is possessed of a curious arrangement in 
connection with this. A tooth- like spine pro 
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jects into the throat irom the under side of the 
backbone, and this acts as an egg-breaker, the 
contents of the egg being swallowed while the 
shell is ejected from the mouth. 

The hieroglyphics of the ancient Egyptians 
constituted a system of picture writing, in which 
the characters were outlines of various objects. 
One of these was a snake lurking in the desert 
sand, and distinguished by the presence^'of two 
little horns on the head. In course of time the 
cumbrous hieroglyphics were simplified, and the 

drawing of the horned snake became Y 

(the horns and body). By loss of the horizontal 
stroke our letter V has come into existence. 

The Wisdom of the Serpent. In 
correlation with the presence of a well -developed 
brain, snakes may be regarded as the most 
intelligent of reptiles, though the idea of their 
“ wisdom ” probably took origin in their 
stealthy ways, and the curious “ fascinating 
powers already mentioned. They are among 
the numerous animals that have been the 
objects of superstitious worship. 

Some snakes incubate their eggs, and show 
a certain amount of affection for their offspring 
— though they are far excelled by birds and 
mammals in this respect. 

Crocodiles and Alligators. These in- 
habitants of the rivers and estuaries of tropical 
regions arc somewhat lizard-like in appearance, 
but in structure they are in many ways much 
more specialised. The snout is armed with 
powerful interlocking teeth, which constitute 
a deadly trap. The valvular nostrils arc on 
the top of the snout, so that the animal can 
drift along with most of its body submerged, 
and at the same time breathe quite easily. 
Should it perceive an unfortunato mammal 
drinking or browsing on the edge of the bank, 
it sinks below the surface, and rapidly swims 
towards the victim by strokes of its powerful, 
Hattenod tail. Then comes a sudden snap, 
aided, p<?rhaps, by a lash of the tail ; should the 
atUmipt prove succcssftil, the pr<?y is held under 
water till it is drowned, if too large to be forth- 
with swallowed. 

Breathing Apparatus. The crocodile 
itself is not choked during this procedure, because 
it is in possession of a structural arrangement 
comparable to those described elsewhere for 
whalebone whales and newly born pouched 
mammals, such as kangaroos. The internal 
openings of the nose (internal nostrils) an? veiy 
far back, and the top of the windpijw is drawn 
out into a projection wrapped round by folds 
so aa to project into them. There is no danger, 
therefore, lest water, after entering the mouth, 
should enter the lungs. 

>In some crocodiles — namely, certain species 
inhabiting the Ganges — ^the food consists of fish, 
and here the snout is very long and narrow, as 
in the fresh-water dolphin of the same river. 
Comparison may also bo made with ono of the 
extinct toothed birds {Hesperornia) of the 
chall: period. In all oases a very efficient 
seizing apparatus results, well adapt^ to deal 
with the slippery prey. 
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Peculiarities of Structure. There 
are many other points in which the structure 
of these reptiles presents points of interest. 
The body, for instance, is not only clothM with 
strong, homy scales, of which those on the 
upper side of the tail make up a saw-edged 
ridge, but also defended by bony scutea in the 
skin. The stomach is^ not unlike that of a bird, 
part of it being colivorted into a muscular 
gizzard, the crushing action of which is enhanced 
by stones or other hard objects which are 
swallowed from time to time. The organs of 
circulation are also of great interest, for the 
heart is four-chambercd, as in mammals and 
birds, and not threc-chambered, as in other 
reptiles and amphibia. The pure and impure 
blood do not, therefore, mix inside the heart; 
but as such blending takes place outside, owing 
to imperfect separation of the great vessels, 
the net result is much the same as in the lizards. 
But it may be said that crocodiles are well 
on the way to become warm-blooded animals, 
and they are also more intelligent than other 
reptiles, in correspondence with their larger 
and more complex brain. 

Tortoises and Turtles. This widely 
distributed order includes a great variety of 
forms adapted to live under the most varied 
conditions. Some are vegetarians, others flesh- 
eaters, but in all cases the teeth are rcplaccjd by 
a strong, horny covering to the jaws, making 
up a sort of rounded beak, which is hooked in 
the carnivorous types. 

Heniarkablo defensive armour is, however, 
the most characteristic feature. The body is, 
as it were, sheltered in a strong case, consisting 
of an upper sliicld {carapace), which is more or 
less united at the edges with an under shield 
{'plafilron), to make up a sort of box, giving a 
remote resemblance to the arrangement present- 
in armadilloes among mammals. The outer 
layer of the ease is composed of homy plates, 
w'hich in certain iharine species are the source 
of “ tortoiseshell,” and beneath these arc bones, 
some of which are derived from the backbone 
and ribs. At the front and back of thiff' case 
are dt^cp hollows, into which ^ head, tail, afid 
limbs can be witlidrawn. The neck is exceed- 
ingly flexible, which compensates (as in birds) 
for the rigidity of the tmnk. 

Gigantic Tortoises. In land tortoises 
the extr^ities arc stumpy and well suited for 
progressiOTi on a firm surface. It is particularly 
interesting to notice that, in the absence of 
severe competition, some of the tortoises living 
on isolated islands have attained a large or even 
gigantic size. This applies to some of the 
islands of the Indian Ocean, and also to the 
Galapagos Islands, situat^ on the equator 
to the west of South America. The gigantio 
.tortoises of the latter were described by Darwiii 
in his account of the voyage of the ** Beagle.*’ 

In marsh and fresh-water tortoises the limbs 
are more or less flattened out to serve a^, paddles, 
and this modificationf' is carried to ah exibieme 
in the thoroughly marine turtles, where the 
limbs are in the form oT powerful ffippersl 

J. R. AIKSWORTri-DAVIS 
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Electric Furnaces for Metallurgical Work. Production of Aluminium, 

Steel, Phosphorus, Calcium Carbide, and Nitrates. Electric Welding. 

THE ELECTRIC FURNACE 


A MOST important industrial application of the 
principles set forth in the early part of the 
last chapter is found in the electric Jvrnacc, by 
means of which much higher temperatures than 
that of the ordinary coke or charcoal furnace 
may be obtained. 

Applications of the Electric Furnace. 

The applications of the electric furnace arc two- 
fold — namely (1), in processes which of necessity 
require a temperature higher than that which 
can bo obtained with the ordinar^^ furnace 
(which is about 2000'^ C.);- and (2) in others 
which are workable also at lower temperaturt's* 
but in which the electric furnace is so compact 
that the cost of production is much reduced, and 
in which there are no products of combustion 
to carry away the heat. 

Types of Furnaces. The furnaces them- 
selves may also be divided into three classes — 
namely, those in which the heating is done by 
the aid of resistance ; those in which an electric 
arc is formetk and is allowed to play on the 
contents of the furnace ; and those in which 
large currents arc inductively produced and 
used to heat up the material in the furnace. 
Many types of furnace arc a combination of the 
above actions. 

The uses to whi(th electric furnaces are put are 
now so numerous that it is impossible to describe 
thorn all. A few typical examples will illustrate 
their utility and adaptability. 

The Electric Hardening Furnace. 
This is a simple resistance type of furnace which 
has been developed by the A. E. G. Company, 
of Berlin, for the purpose of hardening steel 
tools. Fig. 228, showing a complete installation, 
illustrates the convenience and cleanliness of 
this method of heating. The bath, or furnace, 
consists^ of an iron case lined with a hoat-insu- 
lating compound. The interior is partly filled 
with mixtures of metallic salts, such as barium 
and potassium chlorides. These have their 
definite melting-points below the temperature 
to which the tool under treatment must be 
heated, and remain liquid to temperatures 
higher than the maximum required. 

The equipment consists of a switchboard 
with a few regulating switches and instruments, 
and a transformer which converts the alternating 
current from the voltage of supply to the working 
pressure of the furnace. When required for use, 
the current is switched on ; and to start the 
furnace the carbon point shown in the illustra- 
tion is/made to touch the opposing electrode. 
An are is thereby formed which soon molts part 
of the solid salt ; and as soon as the molted portion 
touches both electrodes the mass becomes 
conductive, so lhat the whole h soon in the fluid 


state. Measununents of temperature are taken 
with a pyrometer, and by rogululing the flow of 
current the bath temperature is kept constant. 

Tools to be hardened are suspended in tho bath 
a" sufficient time to reach the known bath tem- 
perature, and arc then quenched in cold water, 
or in brine, or in a cold air-blast. This process is 
rapidly 8up(*rscding other methods in the best 
machine-tool works in tho world. 

Moissan’s Arc Furnace. Tho simplest 
form of arc furnace is that devised by Moissan in 
France. As shown in 226, it consists of two 
blocks of chalk carefully dried, and carved out 
so as to form a cavity in which a carbon crucible 
can be placed. IMassive carbon rods pass into 
this cavity from o])posite ends of tho furnaco, 
and the arc formed between them plays over tho 
crucible, heating the mat('rial under treatment 
in the manner of the; reverberatoiy furnaces. 

Moissan was able naidily to molt even the 
most infusible of metals, such as platinum and 
iridium, and has shown that gold is not only 
molted, but boife, giving oif a purple vapour. 
Tho use of this furnaco is preferred in tlu^ pro- 
duction of metals, alloys, and tho like which 
arc themselves too conductive to be conveniently 
used in resistano(^ furnaces. 

The Manufacture of Aluminium. Prac- 
tically tho whole of the aluminium used in com- 
merce— about 50,000 tons annually — is produced 
electrically. Although known for many years, 
it wius not till electrical methods of obtaining it 
were jx’rfected by the Brothers C'owles, in 18S4 
and 1885, in America, that its use was generally 
spread. It is now produced wherever chca]) power 
is available ; and the British works at the Fall of 
Foy(TS in Scotland, the American works at 
Niagara, the Swiss at Rheinf olden, all use water 
power as tho prime mover. 

The process used is to make in the first place 
]mro alumina — hydrated oxide of aluminium — 
from either cryolite or bauxite, two mineral ores 
containing aluminium, and then to dissolve this 
powder in fused cryolite while passing a current of 
electricity through the solution. The furnaco 
consists of a cast-iron box, lined with carbon, 
having at tho bottom a cast-iron plate, which 
forms one electrode. Suspended above is a bundle 
of carbon rods, adjustable as to height and 
consequent immersion in the furnace. 

On starting, some cryolite, or a similar mixture, 
is placed in the furnace. This melts at a com- 
paratively low temperature, and is then capable 
of dissolving about 20 percent, of alumina, which 
is constantly supplied to the furnace. Current 
is supplied at from tliree to five volts, about 
8000 amperes being required for a modern furnaco. 
The temperature in the furnaco is about 800^ C. 
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Not only pure aluminium but a number of 
valuable aluminium alloys can be made in 
furnaces of this type. 

Phosphorus. This is another substance 
which is now largely produced electrically. 
The old way was to place small retorts containing 
the necessary mixture of phosphates and carbon 
in an ordinary fmnace. In 1888, however, 
Readrnan and" Parker perfected an electrical 
process which has come into extended use. The 
mixture employcni is composed of a mineral 
phosphate, sand, and carbon ; and the principal 
feature of the furnace, which is of the resistance 
type, is the care which has been taken in its 
design to exclude all air. The mixture is supplied 
to the furnace by a small spiral conveyor, and 
an opening at the side of the furnace permits 
any fumes to escape. Another typo of furnace, 
based on the arc principally, in which the 
phosphorus is expelled from the furnace in the 
form of vapour, has been invented quite 
recently by Dr. Machalska, of New York. 

Calcium Carbide. This 
substance has come into ex- 
tensive use by reason of the 
ease w'ith which, when mixed 
with water, it produces acety- 
lene gas. It is made by heat- 
ing together a mixiuro of 05 
per cent, of lime with 35 f)cr 
cent, of carbon, or coke, to a 
temperature of not less than 
3300^ 0. (0000" F.). At this 
temperature the oxygen of 
the lime is driven off, and the 
calcium combines with the 
free carbon. One pound of 
good carbide gives in the 
presence of water about five 
and a half c\ibic feet of 
acetylene gas. 

Two forms of furnace are 
in use, one in which tlw' pro- 
cess is continuous, and the 
other in which it is intermit- 
tent. In the former the 
materials are fed down a funnel on to a hearth, 
where they arc ct)nvertcd into the carbide, this 
being drawn off in the liquid state as it is formed. 
As calcium carbide soUdillca at a high temperature, 
difficulty is experienced in devising arrangements 
for drawing off the carbide, so that a more usual 
way of manufacture is to feed the materials 
slowly into a bin with metal sides, and as the 
carbide is formed to raise the electrode, so that 
in the end a solid block of carbide is withdrawn 
from the furnace and a fresh charge introduced. 
The carbide obtained in this way is liable to 
contain jxirtions of uncornbined lime, and so 
forms the cheaper qualities on the market. 

Carborundum. This is a compound' of 
carbon and silicon — known chemically as silicon 
carbide — and is made in a furnace such as is 
shown in 227 . It consists of a rough brick- 
work structure, which can bo taken down and 
rccoustructed for each run, and is designed 
merely to keep the raw materials together. Each 
287er ^ 
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electrode is formed of a bundle of carbon rods ^t 
in a metal holder to which the leads are attached. 
Between the ends of the electrodes thoro is built 
up a core of broken coke, around which the charge 
consisting chiefly of coke and sand, is pack^. 

A furnace about 24 ft. long, 6 ft. 11 in. wide, 
and 6 ft. 6 in. deep will produce about 3T tons 
of carborundum every 36 hours, with a consump- 
tion of about 750 k.w., corresponding to 3*86 
units per lb. of carborundum. The voltage drop 
is from about 200 volts to 76 volts, and the 
current towards the end of the operation is 8000 
to 10,000 amperes. 

Calcium Cyanamide. The partial exhaus- 
tion of the guano deposits in Chili, and the incur- 
ring world-need for nitrogen manures, have caused 
special, attention to be directed to the subject 
of using as fertilisers nitrogen products made 
from atmospheric nitrogen [see page 307]. 

There are at ])resent two successful methods 
in use, one of which is by the manipulation of 
calcium cyanamide ((^aCN^). This substance 
decomposes in the presence of 
water into calcium carbonate 
Oiiid free ammonia. If the 
substance is distributed over 
ihc ground, the change goes 
on slowly, the ammonia being 
absorbed and fertilising the 
ground. It is made by taking 
calcium carbide — produced as 
mentioned above — powdering 
iU and placing it in retorts 
holding about 6 cwt. each. 
These retorts have cardboard 
tubes down the centre, and 
cardboard partitions. The 
retorts are sealed up and 
heated electrically by means 
of an alternating current to 
about 800’ to 1003’ 0. The 
cardboard is burnt out, and 
nitrogen gas, admitted under 
pressure, circulates through 
the mass, converting it in 
about forty-eight hours into 
calcium cyanamide. At Odda, in Norwaj^, elec- 
trical power costs 30s. per o.h.p. year, and 196 
furnaces are at work, i)roducing aboutr 30 torts 
per twenty-four hours. 

Other Nitrate Products. The other method 
of using, for fertilising purposes, atmospheric 
nitrogen is the direct production of nitric acid 
and of nitrate of lime. The Birkeland-Eyde 
process has been perfected at Notodden, in 
Norway, where about 60,000 h.p. is available 
from waterfalls, and at the Rjukanfos, another 
waterfall in Telemarken, whefb no less than 
300,000 h.p. is available. 

The operation is carried on in a sheet:8tecl 
furnace; about 8 ft. in diamejter, lined - with 
refractory fire-bricks. There i& a disc-shaped 
space in the centre, about 6 ft. in diameter. 
The electrodes consist of oopp# tubes, which 
have water circulating within ^eih to keep them 
cool. The arc is produced by means of a powerful 
alternating current, often 600 amperes at from 
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3000 to 5000 volts. This forms a powerful 
electric sheet of flame playing between the two 
electrodes. A continuous current excites an 
electromagnet, the poles of which enter the 
furnace axially, torming a powerful magnetic 
field between the two electrodes. The joint 
effect of the magnetic field and the alternating 
current is to ])roduce a sheet of flame of very 
high tefnperatiire — at least ov(*r 3000° C. Air 
is gently blown through this furnace, and in the 
high temj)craturc of the arc about I j)er cent, 
of the nitrogen in the air combines with the 
oxygen, and forms nitrous and nitric oxides. 

The rest of the process (‘onsists in cooling the 
gases and extracting the nitrogen oxides from 
the treated air. This is very carefully done, 
and the nitric acid produced is concentrated and 
sold, or else is converted into nitrates of lime 
by absorption into beds of lime. Some of the 
furnaces in use arc of 3000 k.w, size, and the 
nitric acid and nitrat(‘S thus productxl are 
finding a ready sale. 

A modification of 
this process, intro- 
duced by Schoen- 
liorr, uses a ihin, 
very long drawn 
out arc, in furnaces 
15 ft. to 20 ft. long. 

The Electrical 
Production o f 
Steel. Until a few 
years ago, the only 
ajiplication of the 
electric furnace to 
steel- making was in 
connection Avifh the 
manufacture of tool 
steel. The ability 
to make such steel 
homogeneous i n 
texture and free 
from gases brought 
the electric furnace 
into prominenei'. 

The past six' years 
have, however, seen the placing on the market of 
electrically produced steel eastings which are 
looked on with favour because of their high 
qualify and freedom from blow-holes. Klecirical 
methods have made it possible, too, to make the 
highest qualities of steel from the cheapest raw 
materials. It is not strange, therefore, that 
great attention is now paid to the subject, and 
that largo electrical furnaces are being built in 
all parts of the world. 

The furnaces which are used in steel manu- 
facture are of various types. The early patterns 
were arc furnaces, and to this class belong the 
^tassano, Heroult, and Girod forms. The 
Heroult furnace, which is still largely used, has 
carbon electrodes placed at an angle over tho 
furnace level, and playing over tho furnace of 
the material. In the Girod furnace, one of tho 
electrodes is at the bottom, and the arc is formed 
between a number of carbons placed ovei tho 
furnace and the surface of the material 


The Kjellin^ Frick, and Rockling-Rodenhauscr 
furnaces are of tho induction typo. In them the 
iron hearth of the furnace, together with the 
material upon it, forms the secondary circuit of 
large transformers. The eddy ciiiTonts set up 
in this mass of material raise the temperature to 
a very high degree, whieh is under control by 
varying tho current in tho primary winding. 
In some fiirnaei'S there ar<j also windings on the 
secondary, which pass currents through electrodes 
to the mass under treatment, in tliis respect 
acting as a resistance furnace. 

Tho experience whieh is now rapidly being 
gained is resulting in a veiy high ivtiirn in 
quality of finished steel and in (he reduction of 
the electrical energy requir(3d per ton of steel 
made. Though the electric furnace is not yet 
a serious rival to the old(‘r methods iis advan- 
tages in the way of an improvi'd jiroduct — 
the composition of which is easily controllable — 
coupled with the fact that (fiieap ])owcr, rather 
than ch(‘ap coal, is 
an important factor 
in the location of 
tho works, will no 
doubt lead to its 
extended use in steel 
manufacture. 

Electric Weld> 
ing. In one method, 
intreduced by Pro- 
• fessor EUhii Thom- 
^ son, in America, a 
I special transformer 
] is used, having very 
i low voltage second- 
aries, supplying cor- 
respondingly large 
current. The ends 
of t he Avires or bars 
to be welded are 
connected in th(‘ 
circuit of the second- 
ary circuit, and 
pressed mechanic- 
ally together. In- 
tense heat is produced at the junction, owfing to 
the elect rieal resistance of the joint ; and as soon 
as the metal is softened by the heat the pressure 
causers them to wold securely together. 

Power for Electric Furnace WorK. 
It is stated that in a recent year (1009) 362 
million units of electric energy were sold at 
Niagara, and of this amount .322 million units 
went to thirty-three electrochemical and electro- 
metallurgical works, at an average charge of 
0*133d. per unit. For many of the electric 
furnaces, alternating currents are essential. This 
is advantageous, because while large alternating 
current generators are cheaper to make, the 
energy, when produced, can more easily ho trans- 
formed from one voltage to another Must electric 
furnaces, to be worked profitably, must bo kept 
going day and night without stoppage, since tho 
load- factor must be kept as high as possible if 
the cost of the supply is to bo low. 

SILVAN US P. THOMPSON 
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Three and Four String Basses. Attitude. Tuning. Fingering. 

Scales. Intervals. Time. Positions. Pizzicato Effects. Harmonics* 

THE DOUBLE-BASS 

T OO much importance can scarcely be attached evolution into the violin, immensely enriched 
to the doubJc-biiss in an orchestra. It its tone, 
doubles the bass part of the violoncello and is The beginner, whatever he does later on, 
the literal foundation, or “base,” upon which, had better first learn the English double-bass 
rests the entire instrumental superstructure. It with three strings. An instrument of fair 
is easy to understand, therefore, why the smaller tone is obtainable in Great Britain, nowadays, 
bowed instruments should bo named after the for about £5. As soon as the student is able 
groat violone. to help in an orchestra, he will find that, like’ 

Three and Four String Basses', kettledrums, the society generally provides' 

. There are two kinds' of double bassos in general an instrument- for the double-bass player.” 
use. They are known as the English and the Excepting in large professional orchestras, 
German. The former is provided with three such basses have three strings. So useful are 
strings, an arched bass-viol bow, and is capable amateurs who can play this instrument with 
of great power ; whereas the latter has four tolerable reliance, that, in many societies, not 
strings, and a straight bow of ’cello pattern is only is a bass hired for them, but they pay a 
used with it. Modern composers write chiefly smaller annual subscription than the other 
for the four-stringed bass, because it can descend members. 

a fourth lower in tone than the instrument with Attitude. On account of the size of the 
three strings. The temptation of getting four double-bass, the performt^r stands to play, 
additional bass notes, rather than consideration During lengthy pra(5tico a useful support will 
for tone quality, has been the chief cause of bo afforded by the ledge of a high stool. Grasp 
the general adoption of the German system of the neck of the bass near the head, place the 
stringing. first finger of tho left hand on the middle string, 

ExecutioiiL and Tone. But the fact put the thumb on the opposite side of the 
remains that a good player on the triple-strung ne<^k immediately underneath, and rest the 
English bass can elicit a more telling tone from third and fourth fingers on the third string, 
it with the old-fashioned bow than can the Place tho left too under the bottom edge to 
performer on its quadruple-strung Teutonic keep tho bass at its proper angle. Suppose 
cousin. Advocates of tho four-stringed bass the bridge of the instrument represents the 
empluisise that certain Italian makers originally centre of a clock-dial and tho neck its long 
planned the biggest pattern of fiddle to carry minute hand ; if the latttu’ points to the hour 
four strings. Tlu^y arguo that tho restoration of one, the angle is correct, 
of tho fourth should not lessen the tone of With tho right hand take up tho bow. 
the other three. But they conveniently over- Put tho thumb on tho hair inside, and near, 
look the fact that the reduction of the six tho nut. Rest, tho other lingers above tho 
strings to four on the treble viol, during its thumb on the stick. I’lio instrument being 

Ex. 1. Very slowly. 
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at an anglo to tho player’s body, it would be 
awkward always to bow parallel with tho 
bridge. It is therefore customary for the 
bow to incline downwards towards the bridge 
from the third to tho first string. Tho point 
of the bow, when on the first string, should bo 
just over tho top of tho left sound-hole. 

Tuning. Even as the pitch (A) of the first 
string on a violoncello is an octavo below tho 
pitch (A) of tho second string of the violin, so 
the harmonic A of the third string of tho English 
double-bass can bo tuned an octave below the 
A, or first string, of the ’cello. As this A is a 
very deep note on the bass, it is bettor to begin 
with tho first string. Tune this in unison 
with tho G, or third, string on the ’cello. If 
the pitch is taken from a piano, tune to the 
G, fourth space, bjiss clef. Instead of scraping 
forcibly, a less distracting method is to place 
tho tips of the fingers of the left hand lightly 
on tho middle of the string. 

Harmonic Sounds. This plan, when 
tho note is bowed, will give the harmonic, an 
octavo above the actual open sound. Having 
raised or lowered tho peg of the string first 
until tho harmonic is in unison with tho tone 
of tho fourth string of tho violin (G, fourth 
space, bass clef, on the piano) take the hand off 
and bow the string. Its oj^en sound will then 
be G, first line, bass clef. This gives w'hat is 
known as tho tono of an 8 ft. organ pipe. Tune 
tho second string to D, in tho same way by 
the harmonic, a fourth below tho first. I^astly, 
tune the third string to tho 16 ft. A, a fourth 
below tho I). This is tho English method with 
the throe-stringed bass. 

Unfortunately, there are other systems. 
Although violins, violas, and ’cellos arc uniformly 
tuned to tho same notes in dilTorent countries, 
tho French time their three-string basses in 
fifths instead of fourths. This is awkward 
for the hand. In Franco, therefore, in place 
of the first string being G and the third A, tho 
first is A and the third becomes G. 

Tho beginner is warned not to adopt the 
French method nor to lower the A string to G, 
as is often done. When the double-bass is 
tuned, English fashion, in fourths, the scale lies 
under the hand more conveniently. Moreover, 
when progress has been made and the student 
takes up the four-stringed bass, he will find that 
instrument also is tuned on the first, second, and 
third strings to D, G, and A in tho way he has 
learnt. The new string will then be E, at a 
similar interval of a fourth lower do^m tho scale. 

Fingering. The reason why tuning the 
bass in fourths instead of in fifths, as obtains on 
tho ’cello, viola, and violin, is more convenient 
is because of the greater length of the strings. 
These necessitate longer stretches of the left 
hand for stopping tho ascending or descending 
notes. Thus, when four fingers are placed close 
together they represent the natural position, or 
an interval of a half-tone. If, on the other hand, 
the fingers are spread out, they occupy the 
space necessary for stopping the interval of a 
whole tone. The student who grasps this idea 
has the fingering of the double-bass in a nut- 


shell. V h3n the notes do not occur on an op n 
string, thty are usually produced either b/ die 
first finger singly, or all four fingers together. In 
double-bass music, these methods of fingering 
are indicated by Exs. 1 and 3. 

Play the open noU? of the third string, A. Use 
the bow from end to end. Count ten slowly. 
Then place the first finger firmly on the same 
siring ; at the same time sound the note B 
w'ith a full bow. Close the four fingers to get 
the half-tone above, and with the next bow 
play C. Without pause, sound tho open note 
of the second string, D. Play the E above 
with the first fingiT. 

But the pupil will perhaps say that it is the 
K l)eIow. It must be remembered that the 
expression “ up ” or “ down ” the fingerboard 
of the double-bass refers to the ascent or descent 
of the tone ; it does not relate to the direction 
in which the scroll of the instrument points. 
With the four fingers closed to make the semi- 
tone “ above ” E, play F. Continue on the 
first string, sounding tho open G. With tho 
first finger get the A above. Separate the four 
fingers for the whole tono B. The beginner will 
now have played a full octave and one note. 
Descend the scale by stopping each interval in tho 
same manner. 

By changing the order of these notes, the 
student can familiarise himself with the different 
intervals by a variety of exercises. Practise 
these very slowly at first. Cultivate a good tono 
rather than a rapid execution, especially in tho 
lower registt^r of the instrument. To play tho 
double-bass w(»ll requires muscle. It is excellent 
for one's health, because it expands the chest, 
strengthens the arm and wrist — in fact, pro- 
fessional double-bass players are noted for living 
longer than any other class of musicians. 

Not a Transposing Instrument. In 
writing out excrcisas, the student will note 
that all sounds for the bass are indicated an 
octave higher than their real pitch. Not only 
does this facilitate the reading of double-bass 
music, but it allows the ’cello and double-bass 
parts to be ituiieated by the same noic.s, those 
for the former instrument having their tails 
tumcid up, and those for the latter their tails 
turned down. It is incorrect, therefore, to call 
the double-bass, as some pedagogues arc fond 
of doing, a “ transposing ” instrument. Unlike 
the A£| clarionet, or El7 trumpet, which 
transpo.se their sounds mechanically to other 
regions of pjtch, the double-bass always emits 
similar sounds to those written. Tho player, 
therefore, who is a purist, has only to imagine the 
words “ 8 VC lower ” written over the bass part 
to satisfy his conscience. If, as sometimes 
happens, a composer writes below the possible 
compass of the double-bass, the critic can then 
mentally obliterate the words referred to. The 
double-bass will do its best by putting in the 
notes in unison with tho ’cello. 

The Scales. Now take the scale of G major, 
with one sharp, F. Begin with the open note 
on the first string. Spread out tho four fingers 
on the second string to get FjJ, instead of 
closing them, as was done for FQ. With the 
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first finger, make the next note, E. Then sound 
the open D. Bow slowly. Count, so as to make 
each stroke equal. With the four fingers closed 
on the third string, stop the C. Make the B, half 
a tone lower, with the first finger, and the A with 
the open note of the third string. This does not 
complete the octavo, but it accustoms the player 
to the FJi: on the second string. 

Try the scale of C major. Bogin with the 
four fingers closed on the third string. As 
bi^fore, get the D and E on the second string. 
For the semitone F above, close the four fingers. 
As previously, make the C and A on the first 
string. Separate the fingers to get the B, a 
whole tone above. To play the C, a semitone 
beyond the natural position of the hand, shift the 
latter up the neck (or down, in a gravitational 
sense) till the four fingers, close together, stop 
the sound. 

Alternative Fingering. There are alter- 
native methods of fingering those same notes. 
The student should familiarise himself with them. 
Wo refer to the first string, from G, fourth space. 


and the hands are aching is unwise. At -such 
a time, stop practising and give the musoles a 
rest. Then, with recovered strength, try again. 

Now try the scale of D major with two 
sharps, F and C . Begin on the second string. 
Bow the open D. With the first finger get 
E above. Put down the four fingers spread 
out for the Fjf* Sound the open G of the 
first string. Whether the bow makes a downward 
or sideway movement, take care to keep the 
right wrist free. Although, later on, the straight 
bow of 'cello pattern may bo used, the student 
who practises with the arch bow should be able 
to get a greater amount of force of tone from 
it and attack the strings better. 

A Lissom Wrist. But the effect will be 
spoilt if this is done with a stiff wrist. The wrist 
action must be unconstrained. Dragonetti con- 
sidered the arched bow superior to that with 
the straight stick, and the pupil cannot go far 
wrong who uses a bow similar to that of the great 
Venetian double-bass player, who educated 
himself in the guitar and violin, and was able to 


to the C above and back 
again. First, there is Ex. 3. 
the fingering already [D] 
indicated. Secondly, 
play the open string. 

Then stop A with the 
first finger. Carry up [Bt> 
the same finger to stop 
B. Next, with all four i&y - 

fingers close together, 

play the semitone C 
above. Return in the 
same way. Tlie usual 
plan is to play these ' — ^ 
notes, interchanging the 
first with the four fingers, [El7] 

by stopping the A with 


by stopping the A with 
the first finger, tlie B 
with the four fingers, ' 

the C with the first 

finger, going back to the . ^ 4 ? L 

four fingers for B and m — ^ ^ — - P 

the first finger for A. | ^— jt-t-p — F . -r^ izztz 
But this system carries 

the whole hand higher than necessary up the 
fingerboard. In double-bass playing, one of the 
arts is to avoid wasting energy by superfluous 
shifting of the left hand. Besides being un- 
sightly, it is fatiguing. It makes the performance 
uneven instead of, as it should be, firm and clear. 

Hand Movements. Remember, therefore, 
not to move the whole hand about unprofitably. 
Practise slowly, and restrain the desire to run 
before learning to walk. 80 that the hand may 
come into its right place without thinking about 
it, and passages may bo fingered readily and 
corroetJv, the student must be careful to be right 
in his first attempts. The road to success is 
by regular daily practice. A steady quarter of 
an hour of slow, strong bowing three times a day, 
with intervals in between, does more good than 
an hour's unbroken practioe, during half of 
which time the beginner may feel over-tasked 
hy the unaccustom^ strain on his musoles. 

To continue the double-bass when fatigued 


4 4 


X 4 X 


take a place m an or- 

LES ^ chestra at the age of 

1 L (*- -i- eleven. Fron: that period 

I*: : ^ p ~ [Eli- he played the double-bass 

-p ' — p— ^ -L. ete^ continuously for no fewer 

than eighty years, never 

^ ^ getting tired of it, but 

^ always revelling in its 

XI — ' Having bowed the open 

fmTtmTgl « properly, put down the 

1-— first finger for A, spread 
i:|^“i:|JL:i|^lZp7j«:^ out the four fingers for B, 
stop with the first finger 
j 4 j the CJI, a whole tone' 

A. A ^ A m 1 above, and put down 
p: P'- - 1 the four fingers closed 
etc, the semitone I). 
Descend the scale with 
j 4 ^ -i- ^ same fingering. 

.g. -g'» .M. Intervals, ftoceed 

— p , j p: — p z — now to practise the in- 

- j. tQpvals of thirds, fourths, 

and fifths. First get 
accustomed to these in the key of G. Note 
down all such exercises on paper, and transpose 
them into C major and D major. By such means 
the student will get an insight into the element aiy 
principles of bass playing. We give specimens 
of exercises that can be easily supplemented. 
“ U ” denotes the up-bow, and “ D the down- 
bow [Ex. 1], 

Next, practise the major scales which have 
up to four flats and five sharps in their signatures 
[Ex. 3], 

To acquire facility in the jiocessary shifts 
of the left hand up or down in diatonic passages^ 

. persev(jre day by day with tho exercises given 
in Ex. 2 till they become automatic. - 
Bowing. Now go back to the scales. Play 
every two notes with one bow, then every 
three notes with one bow. Maldng the tone 
as smooth as possible, try to get ^ery sucoessive 
four notes with one how. Play alternately 
with an up and down stroke. Determine to 
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make the voice of the instrument, deep os it is» 
sing out evenly with a cantabile effect. 

Staccato. That method of bowing which 
ia the reverse of cantabile is done by separating 
each note abruptly. It thus appears to be 
detached, although the bow is not taken off 
the string. This is called staccato playing. 

Practise the scales systematically, repeating 
each note so as to make two short, abrupt sounds 
with each bow instead of one long one. Next 
make three short sounds with each bow. Then 
alternate the cantabile with the staccato style, 
by slurring the first pair of four notes with an 
up-bow, and making the next pair crisply witli 
a down-bow. Write out these exorcises on music 
paper, and go over the same ground day by day. 

Time. It is necessary for the student, 
when practising even the simplest studies, to culti- 
vate a sense oi time. Tlio double-bass is called 
the metronome of the orchestra. It is essential, 
therefore, for the player of this instrument to 
bo a good timist ; and to be a good timist 
he must possess confidence. No double-bass 
player who distrusts himself can reasonably 
expect the confidence of others. The glory 
of the double-bass player is in his strength, and, 
as hesitation is a sign of weakness, if ho hesitates 
he is lost. If h(5 plays irresolutely, he may upset 
all the other performers. (Cultivation of the time 
sense gives certainty to the student s playing. 
It is more important to attack emphatically 
the first note of a bar than to try to put in all 
the sounds preceding tlio conductor’s down 
beat and bo half a second late. The violins 
may fiutter about like flags on a mainmast 
without much damage, but if the great double- 
bass, representing the keel of the vessel, is uncer- 
tain, the result is disaster. 

Rests. It is a good plan to train oneself with 
rest studies. Count carefully when pract ising, not 
only the notes which have to be played, but tin? 
signs which enjoin silence. Rest exercises may 
be engaged in profitably when the student 
begins to tire after a spell of vigorous bowing. 
T«ko the exercises already made in various 
keys and substitute for certain of the notes 
their time equivalents in rests. Thus, if the 
study is in common time, and each bar contain 
four crotchets, arrange so as to play the first 
bar, keep silence during tlie second, when the 
rests must be counted carefully ; play half 
the third bar, counting two crotchet rests to 
complete it ; omit the first note of the fourth 
bar. counting a crotchet rest before playing the 
next thi^ notes, and so on. 


Higher Positions. Consideration of the 
best situation for the left hand leads up to 
the study of the higher shifts in double-bass 
pla^ng. These go by semitones, and are 
reckoned by each successive new position of 
the first finger. After the first finger has been 
properly placed, the notes above are stopped 
consecutively by all four fingers — closed or 
extended as the interval is a half or whole 
tone — the next note being pressed by the first 
finger, and so on. Thus, by gliding the hand 
backwards and forwards on the three strings, 
the same sound may be produced in different 
ways, and changing the strings during one 
stroke of the bow rcndci‘ed unnecessary. We 
give the different fingerings to show the notes 
that can be stopped by the same digits on the 
same strings [Ex. 4 ]. 

With the above key, the thoughtful student 
may compile exercises throughout the compass 
of two octaves, adjusting the fingering to 
enable him to take up any position instinctively. 

Pixxicato. A pizzicato effect is obtainable 
from every variety of instrument furnished with 
strings, except the pianoforte. On the violin 
its production is often brilliant in orchestral 
passages. Owing to the extent of the vibrating 
surface, the effect of the plucked string, however, 
is grandest on the double-bass. When such 
notes occur, |^ey are marked “ pizz.” To 
accustom the student to pulling and letting go 
the strings with the right hand instead of 
bowing them, and so obtaining the pizzicato 
sounds, a useful exercise is to practise four bars 
with the bow, four bars pizzicato, and so on. 

Harmonics. Of less uso to the orchestral 
double-bass player, save for the purpose of 
tuning, is the j^rmluction of harmonics. Yet 
these are obtainable with greater facility than 
on instruments with shorter strings. By touch- 
ing lightly the strings of the double-bass at 
their different acoustical nodes, the scries of 
overtones can be extended in a manner impossible 
on the violin. For solo playing these sounds 
are very effective, the so-called fiageolot, or 
harp tones being excej^tionally beautiful. Never- 
theless, the function of the double-bass in the 
orchestra is to sustain or mark the pedal or 
fundamental notes, whilst other instruments 
supply the overtones to those fundamentals. 
For that reason, despite the extensive compass 
of the double-ba.ss, composers do not write for 
it above G, an octave over the open note of 
the first string. 


Ex. 4 . 

Natural and Sharp Notes 
Open 


Natural and Flat Notes 
Open 

1st strlnid 
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CROUP 18-MANUFAaURES * THE WORKSHOP OF THE WORLD-CHAPTER 22 

The pistlnctiye Features of * Brussel^^ Wilton, and / Axminster .Carpets. 

'The Manufacture of Tapestry Carpets. The' Formation and Uses of Felt. 


GARPETS 

CARPETS 

Tto costliest of carpets are those made by the 
* sihiptest of means. The value of labour prevents 
hand>maKing from boxoming a largo business in 
this country, although some of the finest hancbihado 
rugs and carpets are produced here. The craft is 
carried on chiefly in the countries of the East, with 
the traditional imph^mchts of the trade. 

The essentials of the work are two horizontal 
^bcains, • the - upper . to- carry >tho. ,wound^up warp 
threads, ^tho. lower to stret-ch*. the .warp and . serve 
as a, roller -for. the woven carpet. .The weavers^ sit 
side by side in face* of the vertical warp threads, 
each in charge of her own section. A numbered 
plan is at hand to show how the tufts in each 
row are to be placed to make the design, and 
each weaver has a supply of the coloured yarns, 
out up into two-inch lengths. The design [1 and 2] is 
built up, one row at a time, "by passing the tufts 
around each of two warp threads. The row being 
complete, a thread of weft is passed through the ahed 
between the front and back halves of the warp. 
Another shed is formed by pulling the back threads 
to the front and the insertion of a second pick of 
weft completes. the. locking into place of’ the tufts. 
The weft is- beaten home with a comb, and another 
row is begun. . 

Hand-made carpets arc valued in part, according 
to their pilch .or fineness, which is measured by the 
number of separate tufts in a sc|uare inch, and the 
pitch rises from the nine or sixteen of coarse carpets 
up to the lOO to 4Ck) of the finest makes. Woollen 
yarn is ordinarily used to make the tiift.s, and in 
some oases silk. The warp and weft threads are 
concealed and are made of any suitably strong and 
fine yarn. 

Birusse^s. Machine-made carpets .may bo 
distinguished as such as have patterns produced 
with the jacquard, or' by printing, and those that 
are ^ machine-tufted in imitation of . handwork. 
Although not now the . most , iwpular carpids, 
the Brussels .ty^jes are the best in point of wear 
and cleanliness. .They are seen to consist, of a 
rough, strpng backing - and of an upright pile of 
worsted loops uniform in height and with a pattern 
forniod enlhcly by the changes of colour [3]. They 
are , woven three-quarters (27 ins.) wide, and they 
are /sold often as four or five Jrame, denoting the 
numb^ of frames or creels u.sed to hold the bobbins 
Bu^ljdhg the yarn for the coloured pile warp. 

Their quality varies with the materials employed, 
with the pitch or nunibeir of warp threads in the 
width of the fabric, and the number of rows of 
loop^. in one inch. Tn the best Brussels qualities 
there are about 100 loops to the square inch, for 
the fabric is woven with ,264 worsted threads in 
27 inch^ of width and with ten wires to the inch of 
len^h". Lower qualities are made down to about 
^ loops td the square 4nch/. Tho number of colour^ 
present bt^rs jii relation to the number of frames 
used^^ut there may ..be more than four colours 
present in a fptu-frazne carpet, Wauso hy .pUmjang, 
or substituting threads here and there, extra 
shades, can bo introduced into the design [41. The 


AND FELT 

gere’al effect of a design can often bo. improved 
by planting a few threads of another shade of the 
same colour; and whep the shades do not differ 
widely from each other this con bo done without 
employing an extra frame, by arranging carefully 
the order of the lighter and darker shades in pno 
and the sain© frame. In four-frame goods there 
are, howeyer, always four worsted threads working 
over each other. 

- Such worsted threads as . are not required for the 
pattern Test hidden in » the body of the fabric, and 
are rai>sed at; their proper places bv the action of tho 
jacquard. Tho loops are formed over wires which 
are automatically inserted and withdrawn .upon 
the loom. The jacquard in Brussels weaving lifts 
the worsted pile threads, but the loom has an 
indt‘pendent set of tappets and heald shafts 
to control .the formation of tho hacking. Another 
warp, called ihe small chain, and made of cotton, 
is uswl in addition to that which forms the face, 
to preserve the strength of tho carpet kmgthwiso 
and to bind tho loops. There are two warps and 
two wefts in Brussels carpets, both wefts being 
made usually of jute. Tho heavier of the two, 
known as ihe staffing weft, adds weight and sub- 
stance and the lighter lends firmness and strength. 
These wc^fts are stiffened with glue before weaving, 
an<l the whole hack of the carpet is further stitfenod 
in course of finishing [5J. 

Wilton. Wilton carpets are in essentials the 
same as Bnissels, the clitTerimcf^ being that they 
are woven over llatteneil wires, which create a 
longer loop, and the loops are cut at tho top as^tho 
wire is withdrawn from the loom. Each row of 
loops in Brussels and some Wilton carpets is secured 
by two shots of the weft, but in tho better Wiltons 
every row of cut pile is held in place by three rows 
of weft. 

Tapestry and Velvet. Tapestry carpets 
imitate Brussels in having a worsted loop pile;: bo ts 
differ in having one pile-warp parti-coloured along 
its length to create a design when woven. The 
worsted threads requisite to form the juio are first 
carefully, printed according to a predetermined 
order. After being scoured, stoved in sulphur to 
bleach, steeped, dried, and wound on bobbins, the 
yam is wound arounil the circumference of a large 
'printing lirum. In face of the drum are colour 
boxes charged with colour paste, and this is laid 
on to the yarn by rollers revolving in the pastt^ 
Tho operation rcipiircs great care, and it is con- 
ducted with the aid of plan showing how each 
thread of tho pile-warp needs to be coloured at tho 
several divisions of tho drum. About three inches 
of yarn has to bo printed for every oni^ inch of 
woven pUe, so that the colour plan is an eUmgation 
of the original: When printed, the surplus colour 
is scraped aw'ay, the yarn is stripped from the drum, 
and placed. fc r. -half an hour in a pressure steam- 
chest for tho purpose of fi.xing the colour upon 
the fibre. The threads arc then wound and set in 
their order, preparatory to beaming and weaving. 
Everything has to be so arranged that tho colours 
will come up exactly in their right place in the 
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design. It is, of course, possible to_print. patterns 
upon the woven cloth instead of ujjon the unwoven 
yarn, but the- result is inferior. 

Tapestry is cheaper than Brussels ’and its . 
structure is less complex. Against the two warps 
and two wefts and the' several pile warps of tho 
Brussels, there are in Tapestry only one w^arp 
(woven usually two threads at one time) and one 
jute weft (also woven two or three threads at drtcc) 
with the worsted pile warp. Tap(;stry carpets aro 
produced largely for export, and arc made both in 
27 inch widths and in seamless squares with 
dimensions of scveial yards. When the loops of 
Tapevstry are cut the fabric is known as Velvet carjict. 
Thus Velvet is to Tapestry as Wilton to Brussels. 

Art Squares. The class of carpets without ■ 
j>ile or tufts, and sold principally for bedrooms 
under the name of Art iSquares, Scotch, or Kiddcr- 
luinsWr carpets, is of many qualities. The figures 
aro jiroduced b^ jacquard weaving, and the thicknc8.s 
of tho fabric is got in part hy the use of .stuffing 
threads carried between the face and the back of 
the square. 

Royal Axminster. Axminster carpets are 
of two kinds, neither of which requires jacejuards in 
weaving, so that they ])r(*sent great freedom in 
colouring and designing. The kinds known as 
K<iyal, Imperial, or (.'rompton Axminster are 
woven with two or three warps to form the base 
and stuffing, and with one or two wefts in addition 
to the tufts or fan The CVornpton loom upon 
which these goods are principally macU.; cariies a 
large overhead apparatus for prestmting to the 
cloth, at the moment at which th<5 shed is being 
formed, lengths of yarn to make the row of tufts. 
The tufting yarns are wound side by side upon 
.s])ool.s, each spool carrying as many ends of yarn 
as there arc tufts in one width, and tho enfire 
nuiehino carrying as many spools as there an* rows 
in tho rop.mt of tho patteVn. Each spool, or roller, 
titled with a set of tiiiies for conveying the yarn 
is set ill the links of a chain and brought in turn 
into touch with tho cloth. A length of llie yarn is 
caught in the fabric, the end is automatically cut, 
and tho fringe of fur is bound in position by one or 
two shots of weft [7J. 

Chenille Axminster. Chenille Axminster is 
made upon a radi(?ally different principle, involving 
two distinct weaving operations [6|. In the first 
place, a fabric is woven in order that it may be cut 
into strips of fringe and tho fur or catvr pillar thus 
produced is woven into tho carpet to form tho 
tufts. C'henille is woven upon the gauze principle, 
to which some notice has ulrcaily been given. 
A linen or cotton warp, Avith its threads spaced 
witle apart , is put into an ordinary loom fitted with 
a dou'p hoddlc, and woollen Aveft of different colours 
is woven in rows across the warp, in accordance 
with a colour plan at the Aveaver’s elbow [2]. By tho 
action of the doup hoddlc alternate warp threads 
aro drawn out of . line sideways beneath their 
comjianion threads, and when crossed are lifted 
above them and have a pick of weft inserted in 
tho shed so formed. The firm hold thus obtained 
upon the weft w seen to he of imjKutance when tho 
cloth is cut. The cutting is done lengthwise, and 
midway, between tho spaced threads of warp, and 
tho colours in the fringe form the coloured jiattorn 
of tho finished . Chenille Axminster carjx^t. The 
fringe is heated by being wrapped round a steam- 
heated drum and folded so that tho tufts lie on one 
side, of the binding thread* The caterpillar con- 
stitutes an .extra ' weft, which is secured to the 
bacKing fabric by a couple of shots of binding 
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weft to each row. An important advantage of the 
chenille process is the facility, with which largo 
seamless squares can be woven upon, broad lo^s. 
Cheap ‘ chenille carpets' 'are hot alwaytf- equal,. in 
wear to the tnft Axminster, but they meet a large 
dcniand and are made in stylos to suit every taste. 

FELT 

Not all the fabrics that are felted. in. the course 
of their manufacture can be ' described as true 
felts. Felting is an incidental action in a groat 
deal of woollen cloth- finishing, and in the presence 
of favourable conditions most qualitids of aa'ooI will 
Jdt or interlock their fibres one ut>on another. 
The Avools most di.-? pored to fi*lt are those witli 
numerous scales iqion their surface and of a natural 
curliness. The felting action of wool can often bo 
.s('en on the soles of stockings and in knitted under- 
garments, and especially in such as aVo not fully 
linscd free of soap in washing. Given a ebni- 
biniition of alkali, warmth, moisture, and pressure, 
tho wool fibre's tend to creep upon each other and 
to become solidly matted. The effect occurs in 
fabrics iliat haA^o bec'n .«pun and woven, lait in a 
true felt spinning and Aveaving are disjiensed with. 

Forming Felt. Wools intended for the 
manufacture of felt are inixiHl or blended together 
in a heap, end they arc passed through the same 
course of preparation as tliose intendiid to be spun 
[see page 234{)J upon the mule. They are opened 
and shaken in the v'illeyiug machine to disentangle 
the fibres, open out cots or matted jiortions of 
llecc(% and to get rid of most of their dust. Tho 
extent to Avhieh they aro treated upon further 
opening macliincry (lepends in part upon their 
condition and also upon the fineness of the quality 
of felt to l)c^ made. The material passes to the 
carding engines, which, as we have already seen, 
convert the wool into a thin net\Aork or film of 
crossed fibres. This web of fibre is drawn off at 
full AAidth, and la,ver iqion layer of the carded wool 
is imposed one on top of another on a lattice or 
table until there is a, mass some sixty yards long 
and several inches in thickness. The bait thus 
formed is hardened by machines of wliich there 
aro two general types. In one tho batt passes 
between a long su(.*c(;.ssiori of steam-heated rollers, 
which have a recijirocating as well as a rotary 
movement. In the alternative type the batt i>s 
pressed by a heavy iron plate on the surface of a 
steam -heated talile, and this plate is given a lateral 
as well as a longitudinal motion. The effect is to 
produce a fabric sufficiently compacted to bear 
handling and soaping and treatment in a falling 
machine, which delivers hammer-like blows in 
regular succession and causes aetiAm felting to take 
place botAvcon neighbouring fibres. Tho move- 
ment of the fibres in\olves a considerable reduction 
in length anil width, and, carried on long enough, 
it produces a dense and solid fabric that can with 
difficulty bo lucked to pieces. • 

Kin48 of ^olt, In making some felts a woven 
or knitted fabric is interposed in the middle of the 
batt, and the loose fibre is felted*. to its front and 
back. This system is used in making some under- 
lays for carpets Avith a view to tho prevention 
of stretching in AAear — a. result that is all the 
more likely to follow when, for the sake of cheap- 
ness, the wool has been mixed with juto waste and 
other coarse vegetable fibre: The range of qualities 
of felt is as wide as that of textiles (3 other Idnds, 
ranging from tho exceedingly fine felts used for some 
tabkoloths down to the coarse kinds for roofing. 

J. A. HUNTER 
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GROUP 19-ASTRONOMY & GEOLOGY • THE HISTORY OF THE W0RLD8-CHAPTER 22 


Wave Action and Its Results. Or/tanic Life in Geology. Strata. Sedimentary 
Rocks and Their Formation. The Origin of Fossils. Ancient Sea-beds. 

GEOLOGICAL WORK OF THE SEA 


T he geological function of the sea is twofold. 

Tn the first [)laco it acts as a very power- 
ful erosive agency in attacking tho coast-lines 
of tho various continents ami islands whit^h 
it washes. In the second place, all great accumu- 
lations of water, both inland lalo^s and the ocean, 
act as receiving stations for the vast accumula- 
tions of detritus, w'hich w'o have seen to Im' 
scraped off the suHacc of the land by rain aiul 
wind, rivers and glaciers, and cause this detritus 
to be laid down in successive layers, or strata, 
which have given birth to almost the whol<^ of 
the sedimentary rocks. VVe shall first consider 
the erosive fiction of the sea. We all know that the 
s(*a is constantly in movement. Th(' gravitational 
influence of the sun and moon cause its w'aters 
to oscillate in tides* [see GEOORArJiY and 
Ahtronomy], which vary in rise and fall from a 
few inches in enclosed seas, like the Medi- 
terranean, to bO or 70 feet in confined spac(‘S, 
like tho Bay of Vundy. This rise and fall of 
the tide ])lays an imj)ortant i)art in the erosive 
action of tJie sea. 

Tidal Action. VVliere, as on the British 
coast, there is a normal difference of 10 or 20 ft. 
between high and low water, the actual rise and 
fall of the water has a disintegrating effect upon 
the coast-linc. The space between high and low 
water- marks is generally occupied by a beaeh 
consisting of shingle, sand, or ujud, which are 
all alike tin* disintegration products of the rocks 
which line the coast. Tidal movcm(*nt alone* 
t«»nds to widen ibis b(‘ach and make it slope ir.on* 
gradually out to sea. Where tlic coast is bounded 
by precipice's of hard rock, like granite, the beach 
may be altogetlua* absent, and the water simply 
rises and falls against the clilf. 

Erosion by the Waves. The chief dis- 
integrating agency of the sea, however, consists 
in its waves, which are caused by the friction of 
the wind upon tho water. These waves exert 
tremendous force when they strike upon the 
cliffs and beaches, in some cases on the coa.st 
of Scotland they have been known to ox<‘rt a 
pressure of three or four tons on the square foot. 
The enormous force of these breakers team off 
fragments from the solid rock, often many tons 
in weight, and washes them about like pebbles. 
These fragments are oftc'n launched against the 
coast-line by the returning wave, and serve as 
battering rams to increase the destruction [69 j. 
As a rule the sea-clitfs are not a solid wall, but art^ 
penetrated in all directions by joints or fissures, 
Mdiich help the disintegrating action of the sea, 
just as in other cases they simplify the laboiim 
of the quarryman. The pressure of the on- 
iTishing waves and the air whieli they drive into 
all tlieso cracks and crcwicos gradually enlaiges 
the fissures and joints of tho rock, until huge 


pieces come tumbling do>^Ti into tho sea, where 
they are waslied about and ground together until 
they are ultimately broken up into mere gravel 
and .sand. The vast accumulation.s of sand that 
form the ordinary sea- beach are all formed of 
quartz, one of the liardest of rocks, which has 
thus been broken down into more du.st. 

The actual rate at which the sea carves away 
the coast -line dci^ends, of course, upon the hard- 
iness and structure of the rocks on whicli it 
breaks. Granite precipices like those of Poter- 
lu'ad scarcely change perce[>tibly in the course 
of a century, though tho bold and pieturesquo 
features which they present are wliolly due to 
tine progress of marine erosion. The striking 
clitTs of tJie Cornish .sea-l)oard illustrate 
every stage in the proct'ss. Where the coast is 
composed of eornparativc'ly soft rocks, as on tho 
sea- board of Past Anglia betw^een the Wash and 
tho mouth of the Thames, the sea oats rapidly into 
the land ; in some ])laces four of fivo yards per 
annum are said to be waslu'd away, and the 
(*rosion of our East Coast at places like Southwold 
has become a very serious problem to the engineer 
as WH'II ^is to the geologist. 

Marine Transport. Tho sea also performs 
the w’ork of trans}K)rt, carrying much of tho 
seilimcnt derived from this (Tosivo procc.ss con- 
siderable distance's. Wc deal with this part of its 
action late^r, whe'U w’O come to consider the con- 
struction of si'dimentary rocks. It is enough 
to note here that, in addition to the ordinary 
transport of sediment by oe(*anic currents, ix 
considerable quantity of rough and rocky frag- 
ment. s is (jarried out to sea by tho icebergs 
which break off from the vast glaciers of polar 
regions, and travel soutliward until they ulti- 
mately melt and drop their moraine-stuff on 
to the sea- bed. 

Geological Effects of Life. The la.st 
agency which wo have to consider as helping 
to break up rocks and rearrange their materials 
is that of life*. Both 'plants and animals have 
])layed an important part in the superficial 
moulding of the earth. Their work is both 
destructiv^^ and reproductive — the latter being 
more important from a geological point of view. 
Tho destructive action of plants is necessarily 
eonfiiUHl to the superficial layers of the soil, 
since they can only live in places where they can 
obtain air and sunlight. The effect of their "roots 
j)enetrating through the soil anti wedging apart 
tho joints of the rooks is often very marked, as 
when the growth of a tiny plant is found to have 
lifted paving-stones out of their proper position. 
The disintegrating effect of plants on the soil, how'- 
ever, is more largely due to the chemical products 
of their decay, which freq^uently attack various 
rpeks, dissolving or changing their substance. 
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Animals and their Geological Worh. which promote the work of disintegration by 
The influence of animals on the soil is rain or sea^wator. Of course, it is hardly neces- 

not very important, except in the case of sary to add that man, in his various civil 

the common earthworm, which Darwin proved engineering operations, sometimes becomes a 

to be an extremely diligent fertilising agent. powerful geological agency. 

These wornns spend their lives in bringing Rook* Bue to Organic Agencies, 
up -the deeper paartioles of soil to the surfoce, The reproductive action of life upon the earth 

and thus play an important part in the is extremely important — at any rate, from the 

opevatioi^ of agriculture. Other animals, human point of v»ew. The coal measures, or 

like the beaver, m^fy the geological develop- strata of carboniferous rocks on whose cxploita- 

meiits ox the district by interfering with the tion the modem development of industry has 

oouTM of streams. Some mullusos riddle a been built, are entirely the product of primeval 

conttderablo number of rocks with holes, vegetation which has decayed and been buried 
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for long ageB, to yield up its carbon at last for 
the use of man, who warms his house and drives 
his engines by unlocking the energy which these 
old-world plants once dr^rived from the sunlight. 

Soils* The fertility of our richest soils, such as 
the loam of the American prairies and the black 
earth of Russ.'a, is duo mainly to the long con- 
tinued growth and decay of the vegetation which 
has given up its organic residue to mix with the 
mineral debris, and so form the best kind of soil 
for agricidture. The well-knowm Tripoli powder 
which in used for polishing, mainly consists 
of t he debris of diatoms of tiny plants which have 
the knack of extract iug flilica from soa-water 
and w^eaving it into their fabric, whence it ulti- 
mately accumulates in beds on the sea- bottom 
The production of some important metallic ores, 
such bog iron ore, is largely due to the agency 
of vegetation. 

Coral and ChalK. Some important rocky 
formations are duo to animal life. Great masses 
of limestone are derived from the shells of tiny 
marine organisms w'liich liavo accumulated on 
ancient sea bottoms. Coral reefs [see page 426]. 
which are chiefly composed of carbonate of lime, 
are entirely built up by the animals known as 
corals, aided — as we saw in an earlier section — 
by the slow subsidence or upheaval of the land. 

There are great masses of lirruistoixo found in 
the Alps and Pyrenees wliich were originally 
deposited as coral reefs in the warm prehistoric 
seas which once rolled over the sides of these 
mountains. The great bods of chalk, again, 
which form so largo a portion of southern Kng- 
land, and furnish that most characteristic and 
beautiful of spot^tacles, the white cliffs, which 
look like frosted silver when one gaz?i at them 
from the other side of the Channel, consist 
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almost entirely of the tiny shells and skeletons 
of minute organisms which once lited in the sea, 
and rained down these tiny shells and skeletons 
on the sea-bed as they died in eo untie is numbers. 

FORMATION OF THE STRATA 

We have seen thus far how many agents 
are at work to wear down the surface of the 
earth, and disintegrate the primitive rocks. 
These processes have been at work since the 
earliest and unrecorded beginning of things. No 
sooner had the crust of the earth solidiiied than 
the agencies of denudation and disintegration 
be^an to operate upon the bare and cindery 

2»S8 


surface of the igneous rocks. At first these 
agencies wore less powerful than they became 
after the water had liquefied and the "action of 
rivers and seas was added to that of atmospheric 
influence. But they have ever been at work, 
abrading the ori.inal rocks and wearing them 
into sand and debris. We have now io see how 
this loose material was again formed into new 
rocks, of which the greater part of the, earth’s 
surface is now composed. 



61. THE FORMATION O^ STRATA 

S S. Planes of atratiUcatioii. C C. Planes of cleavage. 
J J. Joints 


As wo have seen, the chief influence in the 
work of denudation and disintegration was run- 
ning water. But water cannot run down hill for 
ever ; sooner or later it must sink to a level 
beyond which it can go no loAver, and therefore 
ceases to move. The bodies of water which 
represent this lower limit of stagnation are 
known as lakes or seas. 

Lakes. Lakes are bodies of water occupying 
d(*prcssions on tlu^ surface of the land. They 
mH,y be cither fresh or salt. It will usually be 
found that a fresh -water lake has an outlet 
for a great part of its waters in the shape of 
a river. Wlum there is no such outlet and the 
wal(;r brought in by rivers is able to escape only 
by means of evai^oration, the lake inevitably 
bc'comes salt, because the rivers are always 
bringing in a certain amount of dissolved 
material which is unable to escape, and the chief 
constituent of This material is common salt — 
the most readily soluble of all minerals. As 
the volume of water in a lake usually remains 
fairly constant, but the quantity of salt 
is thus being steadily increased, the lake must 
get salter and salU*r until its water reaches 
what is known as the saturation pointy after 
which the water can hold no more salt in solution, 
and for every pound oj salt brought into the 
lake a pound is crystallised out on the shores 
of the lake. 

Seas. What wo call seas or oceans are 
simply vaster lakes which occupy the gigantic 
d'.prossions which were formed on the surface of 
the earth by ancient geological agencies. We 
do not quite know how these 4depres8ions were 
formed. Somo of them are probably due to a 
general subsidence of the land. This is certainly 
the case, for instance, with the basin of the 
Mediterranean. There is a possible theory 
that the vast Pacific Ocean occupies the soar 
which was left when the huge bulk of the moon 
split off from the earth, as has been explained in 
an earlier section. But though the seas and 
oceans arc incomparably larger than any of the 
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bodies which we call lakes, there is no essential 
difference between the two. We may speak 
of the great lakes of North America as inland 
seas, or of the seas as vast salt lakes. A distinc- 
tion is usually dra\vn by geologists between 
sedimentary rocks which have been depositc?d 
in a lake or in the sea, but there is no essential 
difference. 

How Sedimentary Rocks were 
Forihed. It is on the beds of these sheets 
of water that by far the greater part of the 
sedimentary rocks have been deposited. It is 
not difficult now to see how this has happened. 
Wo have already seen that every river brings 
down a considerable body of sedimemt — fine 
sand or mud, the d6bris of the rocks which have 
suffered disintegration under the various erosive 
agencies. The greater part of this sediment 
naturally remain.s .suspended in the water by 
virtue of its motion. When the water ceases to 
flow, the sediment gradually sinks to the bottom. 
This process is illustrated by the familiar 
experiment of stirring up a bowl full of pea soup, 
which essentially consists of water containing a 
greater or smaller quantity of organic sediment — 
m'^at fibre and the like. After a thorough 
stirring the whole of the soup is turbid and 
fairly homogeneous. But if it be allowed to 
come to rest and stand for a time a gr(‘at deal 
of sediment settles down to the bottom and leaves 
on the surface a comparatively el(;ar liquid. 
Exactly the same process is involved in the 
common injunction to shake a bottle of medicine 
before pouring out a dose. 

Deposit. When a river runs into a lake or 
the sea, it gradually loses its motion and comes 
to rest, though, in the case of great rivers 
like the Amazon or Mississippi, the current may 
still continue to move for many miles out to sea. 
As it slows down it steadily deposits its sediment 
on the bed of the lake or sea. The same tinng 
happens along the bed of the river itself ; when- 
ever it passes into a quiet pool and suffers a tem- 
porary loss of speed, the sed’ment is thus 
deposited with fair equality in all directions. As 
time goes on the d<' posit b<?comes thiek(?r and 
thicker, until, if there be no disturbing influence, 
a great part of the lake may be silted up by these 
deposits, through which the river goes on its way 
and keeps merely its own channel open. It is* 
thus that bars and sandbanks are formed at 
the mouths of many rivers, and that deltas are 
constructed, stretching in numerous instances 
fur and wide put into the sea. 

The Process Discontinuous. As . a 
rule, the process of deposition is not continuous. 
On the one hand, few rivers run with an absolutely 
steady current. At one season of the year, 
when their waters have been fed by excessive 
rainfall, they come down bank-full witli a rapid 
current thickly charged with sediments of all 
kinds. At other seasons, when rain is scanty, 
volume of the current may be greatly 
diminished and trickles into the lake or sea 
almost devoid of sediment. Again, the recipient 
body of water may at one time be calm and ready 
to receive the sediment evenly on its bed ; at 
another time it is convulsed by storms, and the 
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sediment is thrown far and wide and heaped up 
in irregular accumulations instead of being spread 
in a homogeneous sheet. It must further be 
noted tliat when the deposits thus brought down 
by rivers become of considerable thiukness, their 
lower portions are subjected to the pressure of 
the upper ones, which may in time amount to 
several tons per square inch. In this way 
the lower portions of the sculiment. are com- 
pres.sed anci hardened into a more or less solid 
rock, just as powdered graphite and other 
substances can be made into solid blocks in a 
hydraulic press. 

The Strata. We are now in a position 
to see why it is that the scdinu'ntary rocks are 
almost always found to be arranged in layers^ 
beds, or strata [60l If the process of deposition 
were absolutely uniform we should expect to 
find the sandstones and shales, which are simply 
hardened deposits of sand or mud, showing no 
signs of bedding or stratification. But it is 
almost always found that the processes of Nature 
are not continuous, but work by fits and 
starts. This is generally the case with the 
deposit of sc'diment by water. Take the case of 
the ordinary river ; when its current is full and 
swift, it brings down a great mass of sediment, 
which is deposited on the bed of the lake or sea 
into which it flows ; then, with the change 
of seasons, comes, a period during which little or 
no sediment is divpositi'd. By the time that the 
rains again set in anti the abundant dq^osit of 
sediment begins once more, the lower portion 
has settled down and formed itself into a 
roughly horizontal layer, with a well-defined 
suit.ic.j and a s’.ight b( ginning of hardening 
on the surface under the pressure of the water. 
The next aeoumiilation of sediment is spread 
over this and pas.ses through the same process ; 
tluu’e is usually a well-defined surface of demarca- 
tion between the older and the newer layers. 
This proce.sH is constantly repeated throughout 
long geological ages, and thus the rock which 
is finally formed on the bed of the sea or lake is 
found to be divided by planes of stratification 
or bedding [01], which are generally more or less 
horizontal and parallel to one another. Their 
thickness will be greattn* or less, according to the 
amount of sediment brought down each time 
the river is in flood, and to the relative intervals 
which elapsed between the arrival of fresh 
deposits. 

The Origin of Fossils. Of course, the 
process of forming a sedimentary rock is here 
reduced to its simplest elements, and a gimt 
deal of modifying detail has been omitted. Wo 
may note, for instance, that a great deal of 
extraneous matter will be mingled witli sand or 
mud brought down by the river. The org.inisms 
which liv^ in the water are constantly dying, 
and their remains scuttle down u])on the floor 
of the lake or sea, and are tliere biiriid under 
the steady accumulation of sediment. This is 
the origin of the majority otfossils, which are so 
continually found in sedimentary rocks. The 
soft parts of the organisms d(?cay, but they mfiv 
leave their mould in the hardening sand or mud, 
which is often filled in and preserved for future 
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agtiH by some mineral which the water holds in 
Holution. Then the harder portions, such as 
bones, teeth, or shells, may be preserved almost 
unchanged, and it is the existence of such relics 
of long extinct species that enables us to form 
sound theories as to the gradual evolution of life. 

Fossil Vegetation. Vegetation that has 
been swept into a lake or sea often becomes 
water -lojgged, and sinks to the bottom, there 
to leave its impress upon the growing rocks. 
A considerable part of the coal measures con- 
sists of vegetable matter, which w^as thus ac*ju- 
mnlated under water and buried by sedimentary 
accumulations. 

It will thus be seen that the sedimentary rocks 
have mostly boon formed near the shores of lakes 
ir seas. Evi- 
lence of this is 
atford<^l by the 
fact that a 
large number 
of sandstones 
and shales bear 
proof of having 
been alternate' 
ly covered and 
desert tsd by the 
sea as they 
were being 
formed. 7'he 
sea-beac;h be< 
tween high and 
low water- 
marks is simply 
a sedimentary 
rock in process 
of deposition. 

As the tide ebbs and flows it is alternately ex- 
posed to the air and dried by the sun, and then 
buried under the waves. As a rule, any markings 
which are made upon it by the rain, the footsteps 
of animals, or the elementary sculptures of the 
human child, are washed out by the return of 
the sea. But sometimes these marks have been 
preserved. 

Footprints on the Sands of Ancient 
Seas. Where a beach is composed of mud 
rather than sand, its surface may dry so b ird 
in the sun that any marks thus left upon it are 
retained [62) until a new layer of sediment is 
deposited upon them, and thus they are pre- 
served to interest geologists of a future age. 
Many shales and other mud rocks when split 
open are found thus marked with the foot- 
prints of prehistoric animals, or pitted with the 
raindrops and sun-cracks of days that knew not 
man. If we take these markings in conjunction 
with the fossil remains that arc found in the 
same rocks, and which all belong to creatures 
living in shallow water or between the limits of 
high and low tide, it is quite clear that such rocks 
were laid down at the edge of an ancient aca- 
beach. It is thus possible to trace the limits of 
long-forgotton seas and oceans, and to make 
•naps of the distribution of land and ocean at 
various periods in the history of the earth, from 
wbkih wo see that the existing arrangement of 
he surface in this respect is quite recent. 


British Geological History. Thus, to 
take a few examples from our own island 
record, we know that in the earliest Primairj ago 
the greater part of our islands was under the 
sea, but not far from a continent, whose rivers 
washed down the sand and mud which composed 
the slaty beds of Wales. The rocks on the top 
of Snowdon consist of volcanic ashes which 
wore deposited on the floor of this shallow sea. 
In a later Devonian age, reef-building corals, were 
at work in the warm seas which must then have 
covered the south-western parts of our islands. 
Their record is found in the limestones of 
Devonshire. The old red sandstone points to a 
period in which a great part of our islands was 
drv land, intersected by numerous arms of the 

sea, or perhaps 
covered by vast 
fresh- wa tc r 
lakes, on whose 
beds these 
rocks, so rich 
in fossils, wore 
deposited. The 
great coalflclds 
which have 
made our coun- 
try so prosper- 
ous indicate 
that there was 
a time when 
semi - tropical 
vegetation 
covered grea 
parts of thv 
land, which 
must then, oi 
course, have been raised again above the sea 
into which it subsided once more in order to 
allow of the deposit of the sandstone which 
overlies the coal measures in so many places. 

A British Sahara. The New Red Sattrl- 
stone is thought to have been laid down under 
desert condit\onvS, when our country fonneo 
part of a vast, continent with a warm and 
extremely dry climate— not unlike that whicl 
now obtains in the Desert of Gobi or the Sahara. 
We can almost watch the gradual irrigation 
of this arid region by natural processes, and the 
appearance here and there of lakes, each of which 
has left it-s traces in deposits of gypsum and of 
rock salt. Once again the Britisn area was 
8uA)merged beneath the Jurassic seas, inhabited 
by strange fishy forms, whose beds wore covered 
with sediment almost as fast as they continued 
to sink, so that many thousands of feet of sedi- 
ment were coagulated into rock, and the seas 
remained comparatively shallow. The great 
chalk deposits, again, point to yet another age 
of submersion, followed by twi Eocene period 
in which our country was occupied once more 
by land animals. Another continental period 
followed, and then came the ice age, on the 
very threshold of modem times. All this history, 
with much more that will be found detailed in the 
works on the subject, is deeply engraved on 
.the rocks and written in the everlasting hills. 

W JE GARRETT FISHER 
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MACHINE 

E highest clovelopnr iit of moulding, that 
by machine, is one tliat grows ver^fc rapidly. 
It is divisible under two groups — one devo.ed 
to general work, the other specially to toothed 
wheels, the latter constituting a very much 
smaller group than the former. 

Types of Moulding Machines. In 
reference to the first, there are some dozens 
of distinct types of moulding mnehinos now 
made, and operated either by hand, as in 98 an .1 
99, steam, water, or compressed air. Patterns 
may bo rammed by the machine, or by hand, but 
they are always withdrawn under the control of 
the machine slides. In the clean delivery thus 
obtained much of their value lies. In England 
and Germany a large amount of hand ramming 
is adopted in machine sioulding. In the States 
ramming is more often done by mechanical means. 
There would he no special difficulty in compressing 
sand by mechanical moans over a perfectly level 
surface ; but the surfaces of patterns arc seldom 
level, but of more or less irregular contou 's, and 
the difficulty of mechanically ramming uneven 
surfaces is that the sand inevitably becomes 
harder and softer in different localities. It is there- 
fore necessary to prepare special pressing plates in 
such cases, corresp )nding at least approximately 
with the contours of the patterns to be pressed. 
As the cost of these can bo incurred only when 
a considerable number of similar moulds are 
required, t his helps to explain why hand ramming 
is preferred in the majority of cases. 

The patterns moulded in mai^hines are attaclied 
to a plate — or often cast solidly with a plate-- 
the opposite faces of which provide the faces 
upon which the mould joints are rammed 
directly, so saving the trouble and time of making 
sand joints. And again, it is usual, when 
possible, to mount several small patterns on one 
plate to increase the output per mould. 

We can better understand the general methods 
of machine moulding if we consider in brief 
those methods which lead up to it, and of which 
it is the complete devedopment. These are 
bottom or joint boards or tui^-over boards, and 
plate moulding. 

Bottom Boards. Turn -over boards, 
bottom boards, or joint boards, as they are 
variously termed, are used to save the trt>uble of 
making the sand joints each time the pattern is 
rammed up, or else to sustain a flimsy pattern, 
or to fulfil both functions at once. Different 
forms of turn-over boards are made to suit 
requirements. Perfectly flat boards are used for 
any flat- jointed patterns, and kept in foundries in 
different sizes to suit moulding boxes of various 
dimensions, the pins passi^ either through 
holes in the board, or beside Ws edge. Any flat 
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patterns, jointed or un jointed, may he laid upon 
these to keep them straight wdiilo being rammed 
up, as piptM, columns, cylinders, thin plates, 
and such like. Fig. 103 shows such a hoard (A) 
mainiainod truly with battens. It is not quite 
the simplest hot tom -board arrangement, because 
instead of a complete pattern being used, a set 
of half patterns is shown, and th(?rc will bo 
another board with half patterns exactly like 
this for the bottom box. A halfway stage 
between this and the absolutely plain boartl is 
the hoard of the . brass mouldi'r, cut out to 
drop unjointed patterns into. In this, those 
handwheel patterns would then bo complete, 
but solid, and sunk into the board to their 
central pianos. Then one half bo.x would bo 
rammed over them, and turned over, and the 
board tak(m away, leaving the other half of 
the patterns exposed to be rammed. In 103, 
however, there are two sets of half patterns 
on different plates, and no turning ov^er is done. 
In this figure, note may be made of the way in 
wdiioh the box i# confined by the corner blocks, 
of the runners radiating from the central ingato, 
and of the lifters hanging from the bars. In the 
upper or plan view, tlu^ bars arei broken away 
to show tlie pattern arrangements clearly. 

In anotlicr stage, if irregularly -shaped sand 
joints are required, blocks are put on the board, 
of shapes (corresponding with the sand joints. 
Plato moulding in its simplest form is embodied 
in these arrangements. 

Metal Plates. Figs. 100 and 101 show a 
more advanced stage. Hcrc^ the plates arc 
of iron, and the ijattcrns are of iron or of 
brass, and attached to opposite sides of the 
platiis, so that if the plate thicknass were 
removed, the patlcirn portions would make up 
a compl(;te pattern. In each case, sprays 
of runnj.a\s are screwed or riveted to the 
plates. Fig. 102 illustrates pattern parts and 
plate cast together, a method adopted when the 
work Is standardised, and in constant service 
from year to year. 

Advantages of Plate Moulding. It 

should bo obvious that this system of plate 
moulding is vastly more (?conomical and accurate 
than hand moulding when much repetition work 
has to bo done. Its employment does not 
necessarily involve the use of a moulding 
machine, since there is a large amount of work 
of this kind done without the aid of the lattcw, 
tho machine being mainly a mochani(;al aid to 
facilitate the hotter delivery of the pattern. 
Plate moulding is an extensuon of tho use of the 
turn -over boards ; but in the case of such 
boards, tho pattern, either in whole or in halves, 
IS made distinct from the board, and in the 
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simplest case the latter merely forms the first 
sand joint face — namely, that of the bottom box 
part, •upon which the top face is rammed ; and 
the whole, or half pattern, as the case may be, 
remains in the bottom part, while such portion 
of it as comes in the top is also rammed at the 
same time as the top joint face. 

But in plate moulding [100-103] I 
tlie faces of the sand joints do not [ 
come into contact until the final j 
closing of the mould for casting, for 
each face is rammed against the 
joint board or plate, and the pattern 
sections which belong to top and I 
bottom respectively are fastened 
to, or are integral portions of 
the board or plate itself. The 
principle is simply this: that 
whatever shape the pattern is, 
those portions into which it is 
divided by the plate would, if 
the plate were removed, dilfer in 
no wise from any ordinary 
pattern. The plate is therefore 
rimply a piece interposed between 
those portions of the pattern 
which come in the top and the 
bottom boxes. 

Patterns for Plate Mould- 
ing. In much work of this 
character, wood as a material 
of construction |103] is discarded 
altogether, and iron employed moul 

for plate and pattern [100-102], soi 

and often the whole is (combined in one cast- 
ing, as 102, which shows plate containing 
four hand wheels with their runners. A pattern 
is first prepared in wood, from w'hich the plate 
with its lugs, runners, and pattern wheels 
is moulded and cast. The whole is then 
got up by fil- 
ing, turning, or | 
other suitable 
mean s, t li e 
amount of work 
bestowed upon 
it varying with 
the custom of 
the shop ; some 
machining every 
poidon, others 
leaving the faces 
rough, as east, 
and only truing 
and smoothing 
the edges which 
draw vertically. 

After tooling, 
the pattern and 
plate are rusted 
over with sal- poetable han 

« a iXilO 

ammoniac and 

WA^er, warmed, and well beeswaxed, to im- 
part a smooth skin for delivery from the mould. 

A secondary advantage of^the use of metal- 
plated work is that the evils which are more 
or less inseparable from the warping of timber 
are eliminated, and better, smoother sur- 
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faces are obtainable, and consequently bettor 
deliveries and smoother castings. 

Moulding by Machine. If now. 
instead of withdrawing the pattern from the 
mould by hand or with a crane, wiiich owing to 
its unsteadiness is a frequent cause of breaking 

down of the moulds, the plate 

b:i fitted on the table of a 
machine and the mould with- 
drawn from the pattern by a 
lever or a ram, perfectly plumb 
and steadily, the last risk of 
fnu;ture of the mould is -vvell- 
nigli eliminated, and this marks 
the perfection of plate moulding. 

Examples of Moulding 
Machines. Figs. 98 and 99 
illustrate in front and side eleva- 
tions and part sections one typo 
only among the many moukling 
machines. It is one of the most 
improved designs, in whieh the 
ramming, or, rather, pressing, is 
accomplished by power. The 
machine framing comprises two 
sid(ns (sonnectc'd with horizontal 
stretchers. Between the table A 
and the crosshead B the sand is 
pressed into the moulding boxes, 
C (p which are filtL'd through 
intermediate plitos with pins to 
the turnover table I). A pressor 
hoard K attached to the cross- 
' ‘ ‘ head pushes the sand into the box 

part which happens to hti up})ermost, the surplus 
sand ncc<‘ssary Ix'ing confined by the loose frame 
F. The pressure is imparted by the hand lover 
(ir actuating tlie pinion H and toggle levers 
J K. The f attcTn and plates are lifted from the 
box by tile counter- weighted lever L actuating 

the side rods 

M M, in the 
bosses of wdiich 
the table can 
he turned over 
for ramming the 
two box parts. 
The crosshead 
B is swung aside 
during the fill- 
ing of the boxes 
with loose sand, 
being pivoted 
by the rovds 
N N. 

Fig. 10 ♦ shows 
a plain type of 
m a ch i n o i n 
operation. The 
pressing is done 
MOULDING MACHINE { cross- 

^onipan.>) pulU^d down 

by levers actuated by the long handle seen 
grasped by the attendant. The pair of boxes 
are seen between the table and the pressor-bar. 

In 106 we have a development of much value, 
the portable machine, running on wlieels, so that 
it can be easily pushed about the foundry to any 
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convenient location, leaving the moulds in its 
wake as they are made. Hie half -patterns are 
seen on the machine table, with the presser 
i)oard thrown back, while on the bench alongside 
arc the moulds produced. Underneath the bench 
will be noted several of the steel bands or 
frames mentioned later in connection with snap 
flaskt 

Hydraulic Mousing Machine* . A 

hydraulic machine is illustrated in 108, con- 
sisting of a press, 
with ram below 
and crosshead 
above. Above the 
ram the boxes are 
carried on rails, so 
that they may be 
run back from 
beneath the cross- 
head, and the sand 
tilled in conveni- 
ently. Then one 
box is pushed along 
to the centre, and 
the ris(5 of the 
ram lifts the box 
and presses the 
sand against the 
opposition of the 
plate attached to 
the top crosshead. 

Lowering the ram 
withdraws the pat- 
tern. In addition 
to the power ob- 
tained by hydraulic 
pressure, there is 
the further advan- 
tage in this class 
of machine that as 
many as four men 
can be set to work 
— two filling and pressing, and two removing the 
boxes and placing them together. 

Where Machine WorK Scores. The 
examples which have been given are compara- 
tively plain, the better to illustrate the ele- 
ments of plate and machine moulding. But 
the full advantages of the system are most 
apparent in patterns of intricate forms — 
that is, which involve more sleeking and shap- 
ing of joint faces, etc., on the part of the moul- 
der, more work in cutting of runners ; also 
patterns which are moulded in very lai-gc qutin- 
titics by firms who deal in specialities, and which, 
being usually of small dimensions, can be and are 
moulded several at a time on a single plate. The 
highest economies are secured when patterns 
of small and medium dimensions are grouped 
on plates along with their runners, and when joint 
faces are not plain. Patterns which are not cored, 
or cored only to a small extent, are more economic- 
ally moulded than those in which many intricate 
cores have to be fitted and properly secured. 
Shallow patterns, and patterns without vertical 
edges, deliver best, but deep patterns with vertical 
faces ore eminently suited for plate or machine 
mqulding when a stripping plate is employed. 

2804 ^ 


Wheel Moulding. The moulding of 
toothed wheels by machine means that a com- 
plete pattern is not required, and that the^m- 
plo 3 nnent of mechanism produces more accurate 
results in the pitching or spacing of the teeth 
than can be ensured by hand work with a full 
pattern. 

The wheel moulding machine is a dividing 
machine, having change wheels and worm gear 
for the pitching, together with mechanism for 

operating and with- 
drawing the tooth 
block. The cores 
for the arms are 
made by the usual, 
methods of core 
making, and in- 
serted in place by 
hand. 

The general pro- 
cess of wheel 
moulding is as 
follows. The 
mouldc^r is provided 
by the pattern- 
maker with all 
necessary parts, 
such as tooth 
blocks,* core boxe.s, 
etc., which vary 
with each type of 
wheel — spur, bevel, 
ivorm — and with 
the shape of the 
arms, the presence 
or absence of 
shroudings, etc. 
We can take only 
the (^a.Ho of a plain 
spur wheel with a 
plain top. The top 
box is rammed 
distinct from th^ wheel mould upon a plain 
lovel bed of sand, and calls therefore for 
no remark. If the wheel be large and made 
in the floor sand, a coke bed is provided under 
neath, and the whole area of the wheel is vented 
down to this bed. Small wheels are moulded 
in a bottom box. In the case of the spur wheel 
selected [107] the bed and the lop joint face 
are made with a striking board A. On it the 
half section of the wheel is marked as a guide to 
the moulder in sc;tting the cores. It is attached 
to the striking bar a by a .strap h. It strikes c, 
the top joint face, d, the bottom of the bed, 
and c, a wall of sand, at 2 in. or 3 in. distance 
away from the tooth point, leaving a space f for 
the reception of the facing sand, to be rammed 
within and around the tooth spaces. In bevel 
wheels it is better to cut the board precisely to 
the bevel and diameter of the tooth points. 

Formation of the Teeth. The ram- 
ming of the tooth block B follows. The ope 
shown has two teeth ; but many contain thro 
or four. The moi'e teeth used the greater the 
precision demanded, because each tooth ^ce 
must he an exact counterpart of itsiellow. Ed/Ch 
spaoe has, moreover, to rammed up ^with the 
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same cxjjenditurc of labour as any other, so 
that the only time saved is that in elevating 
the block. 

Having a tooth block, the spur B, sliown or a 
bevel wheel block bolted to the earrier (j of the 
machine, the radius is set by means of a strip 
cut to extend from the central striking bar a 
to either the root or point of the tooth, and the 
arm is p(‘rinancntly clamped in the position 
corresponding therewith. The block is lowered 
by means of tho vertical slides of the machine 
until it touches, and just press(\s upon the bed 
struck by the board A, and the ramming 
up begins. Tho ramming must be done so 
that the connection between the tooth spaces 
and the outer body or wall of sand struck 
by tho sloping edge of the board A shall be 
complete, so that there will be no risk of the 
narrow pillars or sections of sand in the tooth 
spaces becoming washed away. This union is 
effected by moans of nails — two, three, or four 
being rammed in along with the sand to form a 
bond of union, as shown in 107 at B. Facing 
sand is rammed within the teeth to the thickiuNss 
of about 1 in. or IJ in., and black sand behind, 
and a block on one side supports the saud being 
rammed there. 

The tooth block is lifted by the vertical arm 
of tho machino, the sand being i)revented from 
pulling up by holding a flat piece of wood, C, 
on its surface. It is then moved a distance 
equal to the pitch by the dividing apparatus 
of the machine, lowered and re-rammed, and 
80 as indicated at B. 

The Arms. There are many different 
methods of formation adopted for the arms 
of spur wheels. The H section type is the most 
common, because it is the easiest to make, and 
the strongest. But other forms are often adopted. 


either because the wheels arc too small for H 
arms, or because^ that typo would bo out of 
harmony with adjacent gears ; because wheeis 
have to replace broken ones, or they have to 
be cast against something els(‘ which neec'ssitatos 
some other shape, or on account of the designer 
])referring an older type of arm. We can take only 
for discussion here the moulding of a spur wheel 
with H section arms. 

As usually made, the core-box is of the 
form shown at D [107 1 in plan and part sections. 
The two sides h h are notched together at the 
angle required for tlu*. arms, OO degrees if for six 
arms, 4.5 degrees for eight, 90 degrees for four, 
and the inner faces corresponding with the 
centre.s of the ribs ; the thickness of ribs, /, is 
equal to half the thickness of the arms. The 
inside of the sweep j corresponds with tln^ 
inside of the rim of the wlu'cl, and tho flat 
arms k Ic and inner ribs / / an* divided to allow 
of delivery of the core. The core being rammed 
up, the screws which connect the sides with the 
sweep arc withdrawn, the sweep j draw!\ away 
horizontally, the sides also drawn in the same 
manner, and the core left standing on the 
ramming board or bed. 

Tho mould is shown in section and plan 
[107 EJ and the relations of the several parts 
are ajjparent, together with the method of 
gauging the thicknesses of arms and rims when 
setting the cores. 

Boxes and Flasks for Moulds. 

Moulds cannot bo made without boxes or 
flasks of some kind. There is only one exception 
to this — those moulds made in open sand. 
But these are a mere trifle in comparison with 
the work done in boxes. They require little 
skill, and are reserved chiefly for tho making 
of the moulding boxes themselves and the 
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roughest class of foundry tools, as core plates, chance of tumbling down, assisted by “ lifters,”; 
core rings, grids, lifto^, and such-like. A which are suspended from their top edges [102» 
moulding box is essentially an open-frame box page 2803]. The bottom edges of the bars^^are: 
for enclosing and confining the mould. It may tept back a little way (} or 1 in.) from the Joint' 
he made of stout wood, as is sometimes the case face to give room fgr a stratum of sand, and 

both in iron and brass foundries, especially in the edges are chamfered to allow the ramming 

America, but it is generally made of iron. Boxes which takes place through the top to have full 
are subject to great stresses, due to the hard effect under the bars, which it would not do if 
ramming of the sand within, the pressure of they were square. 

molten metal, and the twisting strains due to Boxes for Turning Over Work* In all 
the handling and turning over when loaded moulds that are made by the process of turning 
with sand and castings. For this reason they orer^ the boxes consist of two or more parts, 
are made stout and strong. Boxes that are used in turned-over work arc 

Then, further, since the carrying of a largo necessarily divided, and the number of their 

mass of sand by its simple friction within the joints corresponds usually, though not invariably, 

sides of the box would bo impossible in those of with the number of joints by which the mould 
larg() areas, cross-bars or stays arc made to is divided. When a box is in two sections only, 
reach across from side to side at intervals of a those two may be ))erfectly symmetrical and 
few inches. Also, since the adhesion of the sand alike, or their bars may be of different forms and 
is mucli assisted by rough surfaces, the boxes variously arranged. When a box is divided into 
are })urpo8ely east very rough, and, in fact, their more than two portions, the middle part or parts 
inner faces and the surfaces of the bars are always differs from the top or bottom, being 
sometimes artificially rougheiK'd ov(‘r. Then usually d(‘stitute of stays. In 108, while A is p 
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provision has to be made for uniting the box 
parts of a set to one another, and also for turning 
them over. Other provisions are made in some 
cases, such as flanges for back plates, holes 
for core- bars, for core- vents, and the like. 

F orms of Boxes, The forms of boxes vary 
in almost every conceivable way. They are 
mostly rectangular, being both square and 
oblong. But many are circular, some polygonal 
and a few which are employed for special pur- 
poses of various odd shapes. 

There are several conditions by which the 
forms of boxes used for different purposes are 
governed. Thus, when patterns are moulded 
by bedding-in, by turning over, and in middle 
parts, corresponding differences in the forms 
and of the boxes are necessary. When a 

I>attern is moulded by bedding in, a top box 
alone is used [108, A]. That is, the whole or a 
portion of the pattern will bo rammed in the 
^nd that forms the floor of the foundry, and 
its top face only, with such portions as may 
hajmen to project from that upper face, will 
be rormed in the box. 

In tiie figure, a represents the stays or bars 
whibii serv^o to retain the' sand securely from the 
28f0 ^ L 


top, B is a middle, .and C a bottom box, or drag, 
B is destitute of bars, C has flat ones. The 
section of the standard form of unsymmetrieal, 
two-parted box is when A is placed on 0. In the 
three-])arted, B comes between A and 0. The 
shape in plan may be square, as shown, oblong, 
circular, or any other special form. Observe the 
difference in tlie shape of the bars in A and C. 
Since the part C rests u))on the floor, there is no 
risk of the sand falling down, as there is in the 
top A, where the sand is liable to fall into the 
mould. The bars in 0 are therefore simply flat, 
and they kee]) the body of the sand in the box 
distinct from that on the floor. But the bars in 
A serve to support the iQiass of sand above the 
mould. B has no bars, because they would bo in 
the way, the centre portion of the box being 
occupied with the mould. 

But as it is necessaiy, to give some support 
to the sand surrounding the pattern there, in 
middles for jobbing work internal flllets, c, are 
cast around the inside. Upon those, rectangular 
rods of wrought or of cast iron are laid, and 
lifters hung or placed to afford support to the 
sand. In middles used for standard work, bars 
are often cast across those sections where they 
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would bo out of the way of the pattern in 
pouring inotal. 

A and 0 are furnished with the usual swivels 6. 
But in middles, B, and other boxes of small 
dimensions — say, below 2 ft. 6 in. — square 
handles, d, are frequently cast, the boxes being 
lifted off, and, if it should prove necessary, 
turned over by h<and. 

Kigs. 109 and 110 illustrate two top box parts 
in i)ian, square and round respectively, .and 
show the arrangements of bars usual in boxes 
of large dimensions. Fig. 110 is for wheels and 
pulleys, .and the central opening is left for 
easting the boss through. 

Some Special Forms. Boxes specially 
for small w’ork arc shown in subsequent illus- 
trations. Fig. Ill is a small box destitute of 
bars, and having only internal fillets to retain 
the sand. The drawing also shows the ])ouring 
of a handwheel. Fig. 112 is a box used largely 
by brassfoundci's. In these the sand is retained 
without ribs by the .angularly recessed sides, 
assisted by the internal ribbings, a, cast in. 
This type of box is tilted at a slight angle from 
the perpendicular, and poured through the 
holes ft. 

The ancient typo of brassmoulder s box, 
retained still in most shops, is shown in 113. 
This also is poured cm end through the holes seen. 
The box parts are held together by the wooden 
screw clamps and back boards, nooessary to 
rc'tnin the sand during i)ouring. Very often the 
boxes themselves arc made of wood and hinged, 
closing like the cov(*rs of a book. 

Fig. 114 illustrates one of the later develop- 
ments in boxes, the snap ” flask. It is hinged 
at one corner, and damped at the corner opposite 
with a catdi, so that after the mould is rammed 
the box is opened as indicated by the dotted 
outline, leaving the mould on one of the bottom 
boards. Tlu' gn'at economy of this is that 
moulding boxes are not used to enclose the mould 
after its removal for easting. A ring of iron is 
rammed in the mould, and sustains it when out 
of the box. In this way one box will serve to 
produce dozens of moulds ready for easting. 
This method is, of course, suitable only for 
sm.'ill moulds not exceeding about 12 or 15 in. 
across, but within those limits it is largely 
employed in foundries. 

Weights of Castings. To be able to 
estimate the weights of castings correctly 
is of value to a moulder. To have insufficient 
metal in the ladle is as inexcusable an error as 
having a great deal too much, to be poured, 
perhaps, upon the floor. But as there is little 
time for very accurate calculation involving a 
large number of figures, it is well to acquire the 
practice of striking rapid averages, and using a 
few common and readily remembered figures 
and multipliers. 

Exact methods of calculation, which arc un- 
avoidable in cases where great exactitude is re- 
quired are not usually necessary when the 
object only to learn the approximate quantity 
of met aI to melt, or tap out for pouring. Some 
of the Mdes are associated together as follows. 


The basis of all calculation is to estimate first 
the quantity of cubic inches of metal in a 
casting. This, of course, involves the application 
of the common rules of mensuration to the 
patterns. This need not be done exactly by text- ^ 
book rules. There are many short cuts for 
getting at these in an approximate fashion. 

( -ylindrical work is reckoned out in several ways. 
An annular ring of metal is readily reduced 
to a superficial plate by obtaining the circum- 
ference and multiplying that by the length. 
If the metal bo thin, and the diameter large, 
no very appreciable difference will result from 
taking either internal or external diameter from 
which to deduce the circumference. But in 
pro[)ortion as the diameter diminishes and the 
metal thickens will the discrepancy increase. 
Hence it is necessary, in order to obtain correct 
results, that the average diatneter be taken. 
Then that may bo multiplied by 31, or by 
3*14159 for circumference, or a i^roportion sum 
be made, thus : 

7 : 22 : : diam. : circum. 

Alultiplying the circumference by the length 
and the result by the thickness gives the solid 
contents. Having a conical cylinder, the average 
diameters at each end can be taken, the cir- 
eu inferences deduced, these multiplied by the 
thicknesses, the two products added together, 
and divided by 2 for the average result, and 
this last multiplied by the length for the total 
solidity. Or the average diameter and thickness 
of tlie cylinder can be taken at once and- multi- 
plied by the length. 

Other Methods. Another way, though 
not quite so ready, is to deduct the area in 
inches of the inner diam(‘ter from the area in 
inches of the outer diameter, which gives the 
area in incluvs of the annular ring included 
between them, and this, then, is multiplied 
by the length. 

To obtain areas of circles, the exact rule is . 
square the diameter and multiply by *7854. 
'I’o obtain areas mentally an approximate 
method is to square the diameter, and deduct 
V from the iiroduet. In a plate 12 in. diameter 
and 1 in. thick, thi.s would produce an error 
of only 2*3 in., or a little over j lb. in weight. 

After a pattern has been divided up into 
sections, and each calculated, the sum of the 
cubic inches is taken and multiplied thus : 
Exact : (kibic inches x *263 == lb. Approximate : 

Cubic inches ,, mi • • • j. 

i = lb. This is incorrect to the 

amount of 1*8 lb. on a plate 12 in. square and 
1 in. thick, being that much below the correct 
weight, but is accurate enough*, for work not 
very heavy. , Or allowance can be made thus : 

— and add of the product, which 

will give exactitude again. The difference 
between using *263 and *26 is only equal to 
*4 lb. on a plate 12 in. square and 1 in. thick. 
For bringing pounds into cwts. *009 is a simple 
and correct faotot. 

JOSEPH G. HORNER 
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Spanish : Use of the Subjunctive. French : Verbs. 
German : Auxiliary Verbs and Interjections. 


SPANISH By Jos6 Pla Carceles, B.A. 


Imperfect and Future Subjunctive. 

These tenses are formed by dropping the termi- 
nation ron from the third person plural of the 
past definite, and then affixing to the stem thus 
obtained the terminations ra, ras, ra, ramos, 
raiSf.ran, or se, ses, senws, seiiy for the 
imperfect, and re, re.sf, re, remos, reis, ren, for 
the future. 


Imperfect 

Singular 

1 I 

1 . cornpra-^ ^^ 

1 ras 

fra 

compra-^^^ 

o • (^a 

2 . comie-^^^ 

ras 
ses 


comie - 1 * 


com%e- 


. j ra 

3. cmiplie - 1 
cumplie - 1 
cumplie - 1 


ra 

se 

ras 

ses 

ra 

se 


Subjunctive 

Plural 
. f ramos 

. f rais 

(ran 

( ramos 


comic- 


( rats 


\ sets 

. f ran 
comie- } 

sen 

' ramos 
semos 
f rais 
[ seis 

cumplie-^n 


cumplie - 1 ‘ 
cumplie - 1 ^ 


Future Subjunctive 
1. compra-re 2. comic-re 3. cvmplie-re 
compra-res coniie-res cumplie-res, etc. 

Exerctse XXXVIII 

Form the imperfect subjunctive of the 
following verbs: 

1. erUregar (on ra). 2. ajweiukr (on se). 
3. emharcar (ra). 4. cancelar (se). 6. emiiir (ra). 
6. escribir (se). 7. ser (ra). 8. tener (se). 


Exercise XXXIX 

Form the following subjunctive tenses : 

1. Present of estar. 2. Future of caviar. 
1 Imperfect of perder. 4. Future of prometer. 
6 . Present of Imher. 6 . Imperfect of viajar. 
1. Future of discutir. 8. Imperfect of surtir. 
9. Present of responder. 10. Future of firmar. 

Use of the Subjunctive. When the 
infinitive or present participle which sometimes 
represents the second verb in an English com- 
pound phrase can by means of the conjunction 
*■ that be changed, without altering the meaning 
of the sentence, into the subjunctive mood, this 
latter construction must always be adopted in 
Spanisli. Thus, the phrases “He wants you 
to reply at once,*’ and “ I did not like their 


smoking in the office,” may be transformed 
into “ He wants (wishes) that you sliould reply 
at once,” and “ I did not like that they should 
have smoked in the office.” These phrases must 
therefore be rendered in Spanisli by the follow- 
ing : desea que. c/mleste Vd. ensegwida-t and no 
me gusto que fumaran en la oficina. 

When the subjects of the two sentences which 
form the jihrasc are identical, the iuHnitive of 
the second verb must be used instxuid of the 
subjunctive mood. — deseo rrr al gcrcntCf T want 
to sec the manager. 


Rules for the Subjunctive. The sub- 
junctive mood must be employed in the follow ing 
cases. 


(1) After most conjunctions formed with que^ 
among which the principal are the following: 


a fin deque so that 
antes que befeg^e 
en COSO que in case 
.nn que without 
despues que after 

con tal que 


para que in order that 
no sea que lest 
a me nos que unless 
hasla que until 
dado que granted that 
])rovided that 


Examples arc : con tal que escriba, provided lu‘ 
wTites ; a menos que envien los generos enseguidoy 
unless they send the goods at once. 

(2) After the conjunction si (if) when it does 
not mean ” whether,” and the other verb in the 
Renteii(!e is in the conditional. In this case the 
imperfect subjunctive must bo employed. — si 
fut'iera mas dinero to compraria, if I had more 
money I should buy it. 

(3) After the words aunque (even if) and 
cuando (when), in sentences implying contin- 
gency. — e.9cribire aitngue no lenga noticias suyas^ 
I will write even if I have no news from him; 
iremos cuamlo lo ter mi nemos y wc shall go when 
we finish it. 

If, however, a positive statement is madts 
cuamlo (whomever) and aunque (although) must 
be followed by the indicative mood. — escribir 
aunque no iengo noticias suyasy I will write 
although I have no nows from him ; esiudio cmndo 
Iengo liempo^ I study whenever 1 have time. 
The indicative mood should also bo used after 
cuando in all interrogative sentences.— cuando 
llegardn los recanocimientos ? when will the bills of 
lading arrive ? 

(4) After the adverbial expression tan pronio 
com/) (as soon as) in sentences which refer to the 
future. — los comprarc tan pronto camo reciba sus 
instruccioneSy I shall buy them as soon as I 
receive his instructions. 

(6) After many impersonal sentences, such as 
“It is probable, possible, strange, necessary,” 
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and the like. — es exlrano gue no haya venido 
lochtvia, it is strange that he should not have 
come yet ; es probable gue lelefonee antes de lets 
scis de la tarde, it is probable that she may 
telephone before G p.rn. 

Note that, when in sentences of this kind the 
subject of the second verb is not mentioned, 
the infinitive instead of the subjunctive should 
be used. — seria rnejor aguardar, ' it would be 
better to wait ; sera necesario comprohar las 
facturas^ it will bo necessary to check the invoices. 

(G) After moat verbs implying emotion, such 
as alegrarse, to be glad ; seyifir, to be sorry ; 
Ictner, to be afraid, and the like. — me alegro de 
qne hayan enconlrado lo que deseahan^ I am glad 
they have found what they wanted ; lernenios 
que no recibcm cl aviso d Uempo, wo are afraid 
they will not re(*,(‘ive the advice in time. 

(7) After certain verbs (*xpressing a state of 
mind such as descar ^ to want ; diular, to doubt, 
and soon. — desea Vd, que camhiemos los billetes 
de banco ^ do you want us to change the bank- 
notes ? dudo que lo hayan vendido tan pronto, 
\ doubt their having sold it so soon. 

(8) After verbs expressing command, demand, 
surprise, ignorance, permission, prohibition, 
satisfaction, supi)li(;ation, advising, counselling, 
soliciting, entreating, and (^onveniency. — nos 
pmhibio que ,snlicramoS; he forbade us to go out. 

(9) After supt'rlativcs or any word used in ca 
sii})crlativc sense. — comprarc cl rnejor que 
tenga, I will buy the best one ho may have ; 
edoy segnro de que se concederd nl primer ingles 
que lo solicite, 1 am sure it will be granted to 
the first Englishman who may apfdy for it. 

(10) In exclamations implying a wish. — jDios 
le ampare ! May God protect him ! / Viva el 
Hey! Ling liv(? the King! 

Key to Exercise XXXVI 

1 i liO gustaria h Vd. vivir eii Paris ? 2 

Me gustaria imudu'iimo. ,‘l i Que le hacc falta ? 
4 Ijc haco falta mas dinoro para (unprender im 
nuevo negocio. i Sabo Vd. las senas de su primo 
eii Madrid ? G Sus seiias eran: Galle de Murillo 
nuiiiero lOG. 7 Las niias son: Plaza de Herndii 
( orti'is, 24, donde espero verle pronto. 8 Muchas 
gracias, tendr6 mucho gusto en visitarlc el verano 
que vioiic. 9 f, Le gusta h Vd. iiasear? 10 8i pero 
no hoy; hace mucho calor, y, adeniAs, estoy dema- 
siado cansada. 1 1 Ahora le ])esa haber aceptado el 
ofrecimiento sin consultar eon sus soeios. 12 


Cuanto tiempo les falta para terminar su trabajo ? 
14 Los falta otra hora. 15 No trabajan tan do 
prisa como nos prometieron. 16 iSab© ^d. 
patinar ? 17 No; i y Vd. ? 18 Me gusta patinar 

on cl hielo. 19 Nos haco falta otro estanto 
para porior todas esas revistas. 20 Han venido 
A explicarsclo. 21 i Hacia mucho viento en el 
Parque esta tardo ? 22 No tanto como ol 

domingo {msado. 23 Se negarA h firmar cl con- 
trato antes de rccibir los informes que ha pedido. 
24 Homos invitado d su novio A comer con 
iiosotros. 25 i Desoa Vd. hablarlc ? 2G Nos pro- 
met io visitarnos durante el inviemo. 27 iMe 
j)ermite Vd. fumar ? 28 Naturalmonte ; tome 
Vd. un eigarrillo mio. 29 No pude comprender 
lo que deeia. 30 Toraamos un tranvia tan 
])ronto como comenzo h Hover. 31 Inglatcrra, 
Gah s y Escocia for man la Gran Bret ana. 32 
No se hablar italiano perolo eomprendo bastante 
bicn. 33 No le esl6. ensenando j)ortugu6s sino 
espauol. 34 Himnos u oracionos. 35 Infan- 
teiia y eaballeria. 

llEADiNf} Exercise 

Signiendo una eostumbre ostablecida cu 
tiempo do las (Vuzadas y practicada constanto- 
mente })or los i)ortugueso8 eon ooasion de sns 
descubrimi(‘ntos afrieanos, los reyes Catoliccs 
solieitaron ])ermiso de Koina ])ara incorporar a 
la corona d(‘ Espana las tierras d(‘sciibiertas por 
Colon. Oeupaba por aquel oiitonces el solio 
pontificio e) (‘spanol Alejandro VI. (sexto) el 
cual promulgo nna Inila en que se adjudicahan 
para siempre d Espana todas las islas y iierra 
tirme, ya doscubiert as 6 quo se ])iKlieran dc'soubrir 
<‘11 lo futuro, situadas al oesto de una Hnea 
imaginaria, trazada de norto a sur, a unos cien 
Jegiias al oeste de las islas Azores. 

TRlNSIiATTOX OE THE HEADING ExERCISE 

Acting upon a practices established at the time 
of the Crusudc's, and constantly follow'i'd by the 
Portuguese in regard to their African discoveries, 
the Oitholic kings made application t-o Home 
for permission to* incorporate in the Spaiiisli 
Grown the lands discovtTcd by Columbus. Tlv" 
Holy See was at the time occujiied by Alexander 
VI.. a Spaniard l>y birth, who issued a Bull 
assigning for ever to S})aiii all the islands and 
mainlands which had been, or might in the future 
be, discovered to the west of an imaginary line 
streiehing between the North and South Poles, 
and passing 100 leagues to the west of the Azores. 


Siempre nos hace aguardar mucho tiempo. 13 i 

Continued 


FRENCH By Louis A. Barbe, B.A. 


THE VERB 

General Remarks 

1. The various changes or modlGcations 
that constitute the conjugation of a verb depend 
on number, person, tense, and mood. 

2. There are two numbers, singular and 
plural. 

3. E|R}h number has a first, a second, and a 
thkd {lerson. 

4. Thftie are three principal tenses, the 
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present, the past, and the future. Some of 
these admit of subdivisions, in consequence of 
which there are altogether eight tenses ; (a) the 
present ; (b) the imperfect, the past definite, 
the past indefinite, the past anterior, and the 
pluperfect ; (c) the simple futuro, and the 
future anterior. 

5. The tenses are (a) simple, or (b) compound. 
The simple tenses are those that do not require 
the help of an auxiliary verb. The compound 
tenses are those that require an auxiliary verb. 
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6. Tliere are five moods ; the indicative, 
the conditional, the imperative, the subjunctive, 
and the infinitive, which ineludos the present 
participle and the past participle. 

7. There are two auxiliary verbs : Avoir, 
to have, and to bo. 

8. Avoir helps to conjugate its own com- 
pound tenses, those of etre, those of all active 
transitive verbs, and those of most intransitive 
verbs. 

9. Mre helps to conjugate the passive voice, 
which has really no conjugation of its own, and 
simply consists of the tenses of Hre with a past 
participle added to them. 


Avoir, to have 

Indicative. 

(a) Simple Tenses, 

fat 

Present. 

I have, etc. 

noxis ax ons 

tu as 

X}ou8 avez 

il, elle a 

ils, elles ont 


Imperfect. 

1 had, ete. 

favais 

noxis axnons 

ixi avais 

vous aviez 

il, elle avait 

ils, elles axmient 

feus 

Past Definite. 

I had, etc. 

nous euxnes 

tu eus 

jous exiles 

il, elle eut 

ils, elks eurent 

faurai 

FxUxire. 

I shall have, etc. 

710X18 axirons 

tu auras 

XX) us aurez 

il, die aura 

ils, elks auront 

(h) Compound Tenses. 

fat eu 

Past Indefinite. 

I have had, etc. 

nous avons exi 

tu as eu 

tmis axjez exi 

il, die a eu 

ils, elks ont exi 

favais eu 

Pluperfect. 

I had had 

noxis avions eu 

tu avais ext 

vous aviez eu 

U, elle a vail 

exi ils, elks avaient eu 

feua eu 

Past Anterior. 

1 had had, etc. 

nous eAmes eu 

tu eua eu 

x)ous elites eu 

il, elle eut eu Us, elles eurent eu 

Future Anterior. 

I shall have had, etc. 

faurai eu 

nous aurons eu 

tu auras eu 

vous avrez eu 


il, elle aura eu Us, elks auront eu 

Conditional. 

Present. 

I should have, etc. 
faurais nous auriona 

tu awraia '■ roua auriez 

Ut eUe aurait ila, dies auraient 


Past. 

I should have had, etc. 
faiirais eu nous aurions eu 

tu aurais eu vovs auriez eu 

il, elle aurait eu Us, elles auraient eu 

Imperative. 

Present. 

Aic, have thou 

qn'U, qu die ait, let him, her have 
aynns, let us have 
Gjjez, have ye 

qu Us, qu elles aient, let llicm have 
SUIUUNOTIVE. 

Present. 

That 1 may have, etc. 
que fate. qne 7ious ayons 

que tu aies que vans ayez 

qiiHl, quelle ait quits, qxCelles aient 

Past. 

That I may have had, etc. 
que faie eu que nous ayons eu 

que, tu aies eu que vous aye.z eu 

quHl, quelle ait cn quails, qu' cites aient eu 
hu perfect. 

That 1 might have, etc. 
que feusse. que nous eussions 

que tu eusses que xmis eussiez 

quit, qu'elle ^ qu'iU, qu'elles eussent 

Pluperfect. 

That I might have had, etc. 
que feusse eu que nous eussions eu 

que til eusses eu que vous eussiez eu 

qu'il, qii'elle eut eu quits, qu' elles eussent 
eu 

Infinitive. 

Present. Past. 

Avoir, to have Avoir eu, to have had 

Pap'''tciples. 

Present Past, 

ayant, having eu{m.), eue (f.), had 

ayant eu, having had 
Note 1. The imperative has no third person, 
singtdar or plural, of its own, but borrows it 
from the present of the subjunctive. The 
imperfect of the subjunctive : feusse eu, etc., 
is used as a second form of the past con- 
ditional. 

Note 2. The verb avoir and a noun arc 
used instead of “ to be ” and an adjective in 
the following expressions ; 

aw?r hesoin de, to ho in need of 
avoir faim, to be hungry 
avoir soif, to be thirsty 
avoir chaud, to be warm 
avoir froid, to l)e cold 
avoir raison, to bo right 
avoir tort, to bo w rong 
avoir honte dc, to be ashamed of 
avoir sommeil, to be sleepy 
awir pettr de, to be afraid of 
Note 3. When avoir chaud and avoir jroid 
are used of parts of the body, the definite 
article is used, and the construction is as follows : 
fax chaud aux mains et froid aux pieds, my 
hands are warm and my feet are cold. Avoir 
chaud and avoir froid express the sensation 
of warmth and cold, and are never used of 
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inanimate objects : cette eau eat chande^ that 
water is hot ; le the est froid, the tea is cold. 
“ To have a cold ” is avoir un rhume^ or iire 
enrhurne. 


je 

je 

je 

je 

je 


Ne pas avoirf not to have 


Indicative. 


Present, 
n'ai pasy etc. 
Imperfect, 
n'avais pas, etc. 
Past DefinitP. 
n'^eus pas, etc. 
Future. 

n'aurai pas, etc. 


Past Indefinite, 
je n'ai pas eu, etc. 
Pliiperfect. 

je n'avais 'i)as eu, etc. 

Past Anterior, 
je n'eus pas eu, etc 
Future Anterior, 
je n'aurai pas eu, etc. 


Conditional. 


Present. Past, 

n^aurais pas, etc. je n'aurais po^ eu, etc. 


TmI’EUATIVE. 

Pr ^sent. 
n.aie pd'^. 

qu'il n'ait jms, qu'etle n^ait pas, 
n'ayons jxis. 
n'ayez pas. 

quails n'aient pas, qnelles n'aient pas 
Subjunctive. 

Present. Ihist. 

que je n'aie pas, etc. que je n'aie pas eu, etc. 

Imperfect. Pluperfect, 

que je n'eusse pas, etc. qnejen'eussepaseUyQto 
Infinitive. 

Pre.sent. Past, 

ne pas amir ne pas avoir eu 

Partictfle. 


Present. Past, 

n ayant pas n' ay ant pas eu 

When a verb used negatively is in the infinitive 
the two j)arts of tlu^ negation, ne pas, remain 
together and come before the verb. 


Avoir, conjugated interrogatively. 
Indicative. 


Present. 

al-je ? 

a-t-il, ad-elle ? 

Imperfect. 

arais-je 

Past Definite, 
ett'i-je ? 

Future. 

aitrai-jef 

cvra-t-il ? atira-t-elle ? 


Past Indefinite, 
ai-je eu '/ 

a-t’il eu ? a-t'clle eu ? 

Pluperfect, 
avah-je eu 

Past Anterior, 
eus- je. eu ? 

Future Anterior, 
avrai-je eu ? 
aura-t-il eu ? aura-t^ 
elle eu '/ 


Present, 
aurais’ je ? 


Conditional. 

Past, 
aurait’il eu ? 


Avoir, conjugated interrogatively and 
negatively. 

Indicative. 


Present, 
n' ai-je pas ? 
n'a4-il pas ? 
n’a-t-elte pas I 
Imperfect. 
fCanaU-je qxis ? 

Pad definite, 
Weus- 
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Past Indefinite, 
n' ai-je pas eu ? 
n' a-t-il pas eu I 
n'a-t-eUe pas eu I 
Pluperfect. 
fCavaia-je pas eu I 
Past Anterior, 
fCeus-je pas eu ? 


Future. 

n aurai-je pas ? 
rCaura-t-il pas ? 
n'aura-t-elle pas ? 


Future Anterior 
rCaurai-je pas eu f 
n^aura-t-il pas eu?^ 
n'aura-t-dle pas eu ? 


Conditional. 


Present. Past, 

n^aurais-je pas ? n'aurais-je pas eu ? 

Y Avoir, there to be. 

Indicative. 

Present. 

il y a, there is, there are 

it n'y a pas, there is (are) not ^ 

y a-t-il ? is (are) there ? 

rCy a-t-il pas ? is (are) there not ? 

Past Indefinite, 
il y a eu, there has (have) been 
il n^y a pas eu, there has (have) not been 
y a-t-il eu ? has (have) there been ? 
n y a4-il pas e.n ? has (have) there not been ? 

Imperfect. 

il y avail, there was (were) 
il n*y avail pas, there was (were) not 
y avail 41 ? was (were) there ? 
ny avait-il pas ? was (were) there not ? 

Pluperfect, 
il y avail eu, there had been 
il 71 y avail pas eu, there had not been 
y <t7iait4l eu ? liatl there been ? 
n'// avait-il pas eu ? had there not been ? 

Past Definite, 
il y eul, there was (w^ere) 
il n4f eut pas, (h(5re was (were) not 
y e.id4l? was (were) there ? 
w’/y eut-il pas ? was (were) there not ? 

Past Anterior, 
il y eut eu, there had been 
il n y eut pas eu, there had not been 
y eut4l e.u ? had there been ? 
n y eut-il pas eu ? had tlu^re not been ? 

Future. 


il y aura, there will be 

il n'y aura. pas, tliere will not be 

y aura-t-il, will there be ? 

?i’// aura-t-il pas ? will there not bo ? 

Future Anterior. 

il y aura eu, there will have been 
il n'y aura pas eu, there will not have been 
y aura-t4l eu F will there have been ? 
w’y aura-t-il pas eu ? will there not have been ? 
Conditional. 

Present. 

il y aurait, there would he 

il rCy aurait jyas, there would not be 

y aurait-il F would there be ? 

n"y aurait-il pas ? would there not be ? 

Pa.st. 

il y aurait eu, there would have been 
il n^y aurait pas eu, there would«iiot have been 
y aurait-il eu ? would there have been ? 
rCy aurait-il pas eu ? would there not have been ? 
Subjunctive. 

Present. 

quHl y ait, that there may be 
qvkil rCy ait pas, that there may not be 
Pad. 

qu4l y ait eu, that there may have been 
gw’tl n’y ait pas eu, that there may not have been 
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ImperfecL 

qtCil y eUt, that there might be 
gu*i9^ rCy eiU pas, that there might not be 
Pluperfect. 

qu'U y eHit eu, that there might have been 
qu'H n'y cut pas eu, that there might not have been 

Idiomatic Uses of Avoir. 1. Y avoir 
is used with the meaning of “ to bo the matter ” : 
qu'est‘Ce quHl y a? or simply qn'y a4-il ? what 
is the matter ? Avoir without y is used for 
“what is the matter with (you, him, etc.) ? ” 
Qu*a4-dle? or qu'est-ce qu^elle a? What is the 
matter with her ? Qv'aveZ’Vous? or quest-ce que 
vous avezF What is the matter with you? Je 
rCai rien. Nothing is the matter with me. 

2. Instead of “to be,” and the adjective 
“ old,'* avoir and the noun age are used in 
French in asking or telling the ago. The word 
ans, years, must always Ihj used in the answer. 

^el dge avez-vous / How old are you ? 

J'ai diX’hiiit ans, I am eighteen. 

Quel dge amit-elle f How old was she ? 

Mle avail seize aus. She was sixteen. 

3. Avoir helps to form the idiomatic expres- 
sions avoir Vair, to look ; avoir envie, to feel 
inclined ; avoir lieu, to take place ; avoir 
soin de, to take care of : 

11 a Vair de rmuvaise humeur, Ho seems to be 
in a bad temper. 

Le loiip avail envie de la manger, The wolf felt 
inclined to eat her up. 

Nous aurons hien soin de vos livres. We shall 
take great care of your books. 

La premiere representation aura lieu demain 
soir. The first performance will take place 
to-morrow evening. 

4. Avoir, with the adjective beau, forms an 
idiomatic expression which is placed before a 
verb in the infinitive to indicate the useleaane.ss 
of the action expressed by that verb : 

Nous aurons beau dire, on ne nous croira pas. 
It will ho no use our saying anything (wo may 
say what we like), we shall not be believed. 

Pai beau lui parler, e'est comme si je chantais. 
It is no use my speaking to him, I might as well 
sing (it is as if 1 were singing). 

6, ll y a not only means “ ago,” but is also 
applicable to future time. It is also used with 
a verb in the present instead of tho English 
perfect, or in the imperfect instead of the 
English pluperfect, to express an action or 
state, begun at a past time and still going on : 

Je Vai vu il y a quinze jours, I saw him a fort- 
night ago. 

II y avail trois mois que nous Hions d Paris, 
We had been in Paris three months. 

II y aura demain huit jours que nous sommes id. 
We shall have been here a week to-morrow. 

II y a une heure que je vous attends, I have been 
waiting for you lor the last hour. 

II y avail une heure que je Vatlendais, I had 
been waiting for him an hour. 

Exsrcisb XXI. 

1. They were afraid of us, but they will be 
still (encore) more afraid of you. 

2., Are they not ashamed of their conduct ? 

3. We should be right and you would be 

wrong. 


4. Wo have been very (bien) cold. 

6. Was there not anyone in tho house ? 

6. How old is that child ? 

7. He will bo twelve next month. 

8. He is a little more than two years older 
than his sister. 

9. Are you very (bien) hungry ? No, thanks 
(merci), but I am very thirsty. 

10. If there were no fire wo should be very 
cold. 

11. Mv hands have never been colder. 

12. Will you not bo too warm so near the fire ? 

13. I was sixteen a fortnight (15 days) ago. 

14. What was the matter with those children ? 
They were afraid of that big dog. 

15. They would have been less afraid of the 
cat than of the dog. 

16. When did the first performance of the 
comedy (comedie. f.) take place ? 

17. It took place a little more than six 
months ago. 

18. If you require a dictionary, take (prenez) 
mine, but take great (hien) care of it. 

19. We have boon waiting for you for the last 
ten minutes. 

20. It will be no use your talking; you will 
not bo believed. 

Key Exercise XX. 

Quels sont les {&incipaiix aliments qui servent 
k la nourriture de Thommo ? Ce sont le pain, 
la viande, la volaille, le gibior, le poisson et los 
legumes. Quello est la planto que Ton cultivo 
pour on faire le pain ? (Vest It? ble. Qui est-ce 
qui cultive lo ble ? Les paysans le cultivent. 
Quelles sont les princip lux espies do bl6 f 
Qo sont lo froment, I’orge, Tavoino ot le seigle. 
Qui sont ceiix qui faucheni le bl6 ? Lea mois- 
sonneiirs. Avec; quoi ? Avec des faux. En quoi 
change-t on le ble pour en faire du pain ? En 
farinc. Qui cst-ce qui change le bl6 en farino ? 
C’est le meunier. Qu’est-ce que e’est qu’un 
moulin ? C’est la machine avec laquelle le 
mounier change le ble en farine. Qu’est-ce quo 
la pate ? C’ost de la farine d^lay^e avec de 
Teau. Qu’ajoute-t-on k la pate ? On y ajoute 
du levain. Qui eat-ce qui fait lo pain ? C’est 
le boulanger qui fait lo pain. Qu^est-ce-qiie Ic 
pain rassis ? Lo pain qui n’est pas frais. (jluds 
sont los animaux dont on mange la chair ? 
Ce sont le bcouf, le voau, le mouton. Qu’’ est-ce 
quo c’est quo la viande do bouchorie ? C’est 
la chair dos animaux domestiques. Qu’est-ce 
que le gibier ? On nommo gibiej les animaux 
ui ne sont pas des animaux domestiques et 
ont on mange la chair. Quels sont-ils ? Lo 
corf, le chevrcuil, le stinglier, le lievro. Qui 
sont ceux qui tuent cos animaux ? Ce sont dos 
chasseurs. Avec quoi les tuent-ils ? Avec dos 
fusils. Mange- t-on la chair des oiseaux ? Qui, 
il y a des oiseaux dont on mange la chair. 
Lesquela ? La poule, le dindon, lo canard et 
I’oie. Y a-t-il d’autres oiseaux dont la chair est 
bonne it manger ? Oui, il y a d’autres oisoaux 
dont la chair oat bonne a manger ; ce sont des 
oiseaux sauvagea tela que la perdrix, la becasso, 
la b^oassine, le faisan et le coq do bray^re. 
Quelles sont les differentes especes de poissons? 
11 y a los poissons de mer et l€» poissons d’eau 
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douce. Qu^jst-c© que I’eau douce ? L’cau des les carottes, les asperges, les f^ves, los haricots 
lac», des ^tangs, des rivieres et des ruisseaux. et les pois. Qu’est-ce qu’un potager ? C*est 
Quels sont les poissons d© luer los mieux connus ? le jardin ou terrain oA Ton cultive lea l^gicmes. 
Ce sont la morue, le hareng, T^perlan, le Et un verger, qu’est-co que e’est que cela ? 
niaquereau, la sole, lo turbot, le merlan et la C’est le terrain oCl il y a des arbres fruitiers. 
raie. Et ccnix d’eaii douce ? Le saumon, la Quels sont les principaux arbres fruitiers et 
truite, la carpe, la porche, et le brochet. Qui leurs fruits ? Lo poirier dont le fruit est la 
sont ceu\ qui attrapont lo poisson ? Ce sont poire ; lo cerisior qui produit les cerises ; lo 
des pecheurs. Avec quoi ? Avoc des lignes ct peehcr sur lequel croissent les peches ; le brugnon 
des filets. Qu’est-ce qu’on mange avec la dont le fruit a le memo nom que I’arbre ; lo 
viando ? Des legumes. Qu’est-co quo les prunier et Tabricotier qui nous donnent les 
legumes ? Co sont des plantes qui servent aussi i>runes ct les abricots et le pommier avec le 
d la nourriture de Thomme. Quels sont los fruit duquel on fait le cidre. Quelle est la plante 
principaux Idgumes que Ton cultive cn France ? que Ton cultive pour on faire le vin ? C’est la vigno 
Les pommes de terre, les choux, les betteraves. Quel est le fruit do la vigne ? C’cst le raisin. 

Continued 
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XLIX. Use of Auxiliary Verbs 
of Tense. The auxiliary verb trerben, 
to becoiue, to grow, is oiuployed with all verbs 
for the formation of the first and second fut ure, 
of the two conilitionals in the active voice, and 
of all tenses in the passive voice. The infinitive 
jxistf the perfect and pluperfect of all verbs are 
formed with tlm aid of either (a) fciii, lobe, 
or (6) t^abon, to have. Certain verbs form thesci 
compound tenses (c) alternately with fein or 
t.ibcii. 

(а) The majority of verbs are conjugated 
with babe rt — e.specially the transitive^ reflective, 
and impersonal verbs denoting actions and 
lasting eliects of actions, and some intransitive 
verbs. 

(б) With feiti are conjugated many intransi- 
tive verbs, especially those denoting change of 
locality, motion and transition into other states. 
To this class belong the verbs with the prefixc.s 
indicating motion — her , l)in , l)ciMb , biiMiif . 

(c) Some transitive and intransitive verbs 
admit the u.se of both feiu and hviben, according 
to the .state of action, motion, etc., which is to 
bo expressed. Examples; id) bin and 

id) t) a be gocilt, I have hurried; or; id) bin 
{\cvittcn and id) l)abc i^evitten, I have ridden, etc. 
In these cases 1) a b c n is used where the action 
of the subject is a more accentuated, settled 
process of activity; whilst fein indicates 
transitions from one state into another. With 
f c i n are conjugated ; bi\tevVncn, to meet ; fol^en, 
to follow ; lichen, to li(^, lay ; fi^en, to sit ; ftfi)cn, 
to stand ; n)cid)fn, to yield, to give way ; ittnden, 
Qflin'fjcn, to succeed ; niiiS^liiden, niibvatfii, mieij 
Unflcn, to fail ; and ^eben, to go, to walk. Thus 
iV^cn is conjugated with fein: id) bin ^•:‘ftanftfn 
(literally : I am gone) ; hut in the reflective 
form: tc^ f)abe mid) mube I have 

walked myself tired (I have tired myself < ut 
with walking). Frequently the general^ un- 
specified character of the action is denoted by 
the use of a b e n , and the special one by the 
use of vf e i n. Thus to express in a general way 
that one has been on horseback, one would say : 
t6 bin ge0ttcn, (literally: 1 am ridden); but 
44 babe lae $ferb j^vificn, (1 have ridden the 
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horse; or ic^ bin.ptv 'lk*ul)lc i^critten (literally: 
T am ridden to the mill), hut id) l)abc bat? 
T'hrb pit 'iDiul)ic geritten (I have ridden the horse 
to tlic mill). 

1. Several intransitivexavh^k^ like the following, 
are conjugated with babcii : pi'iicbmcn, to increase ; 
ab'nd)mcn, to decrease ; an'faiupn, bcifin'iicn, to 
begin ; aurt)crcn, to cea.se ; blut)cn, to blossom ; 
bvennen, to burn ; bcllcii, loliark ; fcd)ten, to fight ; 
c^lfiben, to glow ; lad'cn, to laugh ; lcud)tcn, to 
light; nat^'laffi'u, to leave ott’; nit)cn, to rest; 
febeinen, to shine ; fd'lafcn, to sleep ; n'ad)en, to 
w'atch; tivincn, to weep, cry. etc. 3d) f)abcbie 
iHrbfit aiui faii^cn, I have begun the work ; 
and intransitive: bie ??lrbi'it bat aiii^cfanipn, the 
work has begun ; and in the passive of the transi- 
tive : bic 9lrbcit ift aiupfau^pn, the work is begun. 

2. The following verbs are (umjugatod either 
with ffiu or baben : cilcu, to hasten ; fabreii, to 
drive; ()aiupn, to hang ; fnieni, to kneel ; fried)en, 
to creep ; laiifcn, to run ; licivn, to lie (in the 
physical sense) ;..reitrii, to ricle ; fd)U>fbcu, to be 
suspended; fcbUMUimcii, to swim; fibnt, to .sit; 
fpriiupn, to jump; ftebcii, to stand; jlelpcrn, to 
stumble; treten, to tread; ivanc'cvii, to wander. 
Thus: id) bin or l)abc ^cfuict (I have knelt); 
id) bin or ic^ f)abc c^efd^ircmmcu (I have swum). 

L. Interjections. As in Engli.sh, the 
interjections denote joy, sorrow, surprise, 
fear, hoiror, etc., or call attention to some- 
thing. Those chiefly in use are: O! 9lf)! «&a! 
91 cb ! (for surprise) ; D U'c() ! ?lu ! (for pain); 93vi‘r ! 
(to express coldness and shuddering); 9ll)a! 
(used like “I see,” to express understanding) ; 
31 (5i ! or tri di ! ^>m *&m ! (for wonder or sur- 
prise) ; (fie! for shame!); ^ebal ^olUd)! 

(for calling attention, kko the English 
“I say!”); and several imitative sounds like 
! -&tif4 • iff aff ! (to mark a sudden 
disappearance or a sudden fall into water, mostly 
used in fairy tales and nursery tales, also the 
firing of guns). These latter and similar inter- 
jections, like Olummibibum ! @(bnebberen^i«nft I (in 
imitation of drums and brass instruments) are 
used in a semi-humorous way in descriptions of 
folklore charaoter. $wtra^! J&eiU are 

interjections for cheering; ^Pwft! (or profit!) 
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$immet unb $c((e! are exclamations 
of anger and force, akin to swearing. The 
military cominand of Fire ! gcuct! as well as the 
tire-call, S^u'rio t are counted ainong the inter- 
jections. The interjections are often combined 
with the fifth case, the vocative, which is 
treated in the next imragvaph. 

L#I. The Vocative Case. This, the fifth 
case in the declension of nouns, is the mode 
of address, and is thus employed only with 
persons, with personal pronouns in the second 
person, and with nouns personified : T)u 
(vocative) f(^rfibel Thou write ! (imperative). 

Lrll. The following strong verbs with the stem-vowel -a- change it in the imperfect into 
-ie-, or -U-, but retain the original stem-vowel in the past participle. 


Infinitive 

Present Tense 

Imperfect 

Impera- 

Past 


, 

I., II., III. Singular 

I ndicative^ 8 iibiunctive 

TIVE 

Participle 


> 





blafen 

to blow 

id) blafe, blafejl, bUfl 

id) blica 

id) bltcfe 

blae(e) 

i^eblafen 

bratcii 

to roast 

„ bvate, bViitjl, brdt 

„ briet 

„ brifte 

bral(e) 

f^ebraten 



(bvatefl, bratet) 



emvfaiK^cii 

to receive 

„ fuivfan^e, cnu'fdiivlft. 

„ enu'fiu^ 

„ enivSn^e 

fmvfang(e) 

embfauv^eu 



emvfdttiit 




fallen 

to fall 

„ fade, fdllfl, fallt 

M Rel 

.,|fle 

fall(e) 

(icfallen 

fjtu^en 

to catch 

„ fangf, frtiuvl, faitfit 

.. Pnfl 

M 

fang(t) 

()ffaiu^en 

(Refill leu 

to please 

„ flefalle, i^efdilft, gcfdllt 

.. 0ff5e( 

„ ^eftele 

flefdKO 

itefalliTi 

vierateii 

to come upon 

„ Iterate, t^cvdtfl, i^erdt 

„ vteviet 

„ vteriete 


iterate!! 

fallen 

to liold 

„ balre, b'ihftf 

M b*^h 

M 

bal:(e) 

vtebaUen 

ban^en ♦ 

to liaiig 

„ baui^e, b^hiftjl, bihi^t 

„ iMHil 

„ biiiy^e 


gebiui^en 

laffeu 

to let 

„ laffe, laiTeft, laft 

liej 

M lietle 

lap 

ftelaffe!! 

rntf^fallen 

to displease 

„ mifofalle, -fdllfl, -fdllt 

„ mif^jicl 

„ mifajxele 


mifetfallcu 

rateii 

to advise 

„ rate, vdtil, rdt 

„ riet 

M tiete 

Mt(t) 

,atfu 

fd)lafeu 

to sleep 

„ fd)lafe, fcbldfjl, fd)ldft 

„ fddief 

» fcijlitft 


Qefd>lafcu 

baden 

to bake 

„ bade, bddil, bddt 

Mbnf 

„ buff 


ftebaefen 




(badte) 

(baefte) 



fabren 

to drive 

„ fabve, fdbrft, f^bvt 


„ ffd)ve 


ejefabren 

ip:abeii 

to dig 

„ grabe, ^rdbjl, i^rdbt 

»» v3vub 

„ vivnbe 

9 rab(») 

flCytraben 

iaceii 

to summon, 
charge, load 

y lab-e, -eft, -er or \ 

” 1 lare, Idbjt, Idbt / 

M htb 

„ lube 

Jab(t) 

^elabeu 

fitaffeit f 

to procure, 
provide 

1 „ fd)aff-e, -jl, -t 

f<bwf 

M fduife 


gefd)affen 

* 






fcbiw« 

to strike 

„ fdiUutc, id)Uhd'^* 

fcbht^ 

„ fddu^e 

f^kg(e) 

ctefd)la^e!t 

tra^en 

to caiT*y 

„ traoe, trdv^ft, trd^t 

„ tVUv\ 

„ tru^e 

trag(c) 

iiet va^cn 

iracbfen 

to grow 

„ n»a(t)fe, U'dd)il, U'dcbfl 

„ tiMid)t^ 

„ R'li bfe 


ctetradden 

ivafeben 

to wash 

„ U'afd)e, tvdfd)eft, U'dfdd 

„ trufd) 

„ U'ufd)e 

wafd)(») 

cteu'afd)C!i 


♦ As intransitive (without complement), strong; as transitive, weak^ l^ancjcn (aiiftjdn^eu) ; 
imperative: l;dnc\te; past participle : 

t In the sense of “to work” weak: A'Mer unrb (iicarbcitet). Here is nothing done. 


r'l)r (vocative) I You go! SWeine ®crfal^rfn ! 
My ancestors! !I)u, Wfin lifber 'loafer! Thou, my 
dear father ! I Thou brave 

sword ! 

The vocative is also used with intorjoctions : 
O ! C .C^inimel ! (Oh God ! Oli Heaven !), 
and in many otlier excl imations. Id also 
serves for the mode of address in letters ; 
@ff()rter ! [Honoured] Dear sir. !il5cftci* 
Srninb! [Best] Hear friend. The vocative has 
traits similar to the imperative and the inter- 
jection, and is often employed with them. 
As regards infiection, tlie vocative is identical 
^itli the nominative. 


Llll. The following strong verbs with the stem-vowel -o-, -u-, -au-, or -ci- change it in the 
imperfect into -ie-,. but rcUin the original stem-vowel in the past participle. 


* Infinitive 

^ s 

Present Tense 

I., 11., HI. Singular 

Imperfect 

IndicativefSvhjunctive 

Impera- 

tive 

Past 

Participle 

iffil 

to push 
to call 
to run 
to name 
to hew 

flcfe, fic^t 

„ tufse, -j», -t 
tauft, I&ufji, Unft 

„ :^au=f, -ft, -t 

i( 

» 

f 

tiif 

Hef 

i(^ ftitfe 
„ vifft 
„ lifft 

fto0(t) 

tttf(e) 

l«uf(f) 

^eflcpen 

fterufen 

gelaufett 

gebeigeii 

gebauen 




]>i4 
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LIV* Irregular changes of the stem- vowels are to be not^ following verbs ; 


Infinitive 



Present Tense 

I.. II.. III. Sinffolar 

Imperfect 

IndicativelSvbiunctive 

Impera- 

tive 

Past*^ 

PiRTIClPLE 


s 

1 

' 1 



erfcbaricu 

to resound 

er, fie, ed erfcballt 

erfcboll 

etfeboUe 

erfd;aU(e) 

erfcbcUen 

fd;mbreii 

to sweai 

id; febmere, -ft, -t 

idb fcbwor, 

•>Bo f^irut 

idb febmbre 
(febmfire) 

fcbn)dr(e’) 

gefebttoven 

vetlo'fcb^a * 

to be extin- 
guished, go out 

„ Dertbfdbe, loerUf^eft, 
rerlbfcbt 

icb verlofcb 

„ tjerUfebe 


verlofdben 

ftel;en 

to stand 

„ fteb-e, -ft, -t 

id; ftanb, 
*1*0 ftunb 

„ ftdnbe 
(ftunbe) 


geflanben 

fommen 

to come 

„ fomm-e, -ft, -t 

tcbfam 

„ fame 

femm 

gefommen 

Ifigeii 

to lie 

„ lug-e, -ft, -t j 

» !»(( 

.. Wflt 

l*'a{‘) 

gelcgen 

tun 

to do 

„ tu-e, -ft, -t ; mit tun ' 
(subj. icb tu-e, -efl) 

..tat 

.. tate 

tu(e) 

getan 

fd;inbcn 

to flay, skin 

„ fd)inb-e, -eft, -ct 

.. fdjmtii 

„ fdjunbt 

f(^iub(e) 

gefebunbeu 


* The transitive compound of (cfd;en : atMilcfcbrn is weak : ($t f^at ba^if ^eucc aa^Ccfc^t, Ho lias 
extinguished the lire. 


EXAMINATION PAPER 

1. For the formation of which tenses is the 
auxiliary verb werben used V 

2. With which auxiliary verb of tense are the 
majority of verbs conjugated, and to which 
groups of verbs does this rule most jiar- 
ticularly apply ? 

3. How does the character of a verb (its being 
transitive or intransitive, rellective or 
impersonal) determine the use of feiu or 
I)abeu in the formation of compound tenses 1 

4. With which verb is the auxiliary verb fein 
employed ? 

5. In what state of action is the auxiliary verb 
l^aben used for the formation of the Compound 
tenses ? 

0. Wliat circumstances determine the use of 
feiu or Ijabeu in the compound tenses of the 
verb vdteii, to ride (on horseback) ? 

7. What is the characteristic feature in the 
formation of the past participle of many 
strimg verbs that change the stem- vowel -a- 
into -ie- or -u- in tlio imperfect ? 

8. Which vowel is taken in the imperfect by 
verbs with the stem-vowel -o-, -u-, -au-, and 
-et- in the infinitive and past participle ? 

Exercise. Transpose the following tenses 
from the jMiat and pluperfect to the imperfect. 
^d) t)abf bie Xroiupfle gcblafcn ; bu I)atteft 
I have blown the trumpet ; you .had re^ 
if)n euipfauden ; bit geiube ^abtu beii Cfjiiiur 
ceived him ; the enemies have captured the otKcer; 
ne l^vit gefallcu; t>aS Stiiijo iff ^nvac^feu; 
she has pleased me ; the child has grown ; 
bie graueu l^attcu bie 98dfd;e getvaf^en; 

the women had washed the washing ; 

wer Jat wieft c^erufen? JDu bift fc^nell getaufeu; 
who has called me? You have run quickly; 
er t)U(^ geftefen; irann feib U;v ^efemmen? 
be has pushed me; when did you come? 

(have you come f) 

IDer JBurfe^e (tele^en ; er l^alte einen ®ib gefc^trcrciu 
The lad has lied; he had sworn an. oath. 
SBos <^ie getan? l^be es getragen. 

What* have you done? I have carried it, 
^(c. ge|ommcn,; 

Wv' come home; 


id^'l^abe nteine getaii. 

I have done my duty. 

Key to Kxbr(U[Se 3, Page 2tt.33 

%i(^bem bie ®amcn guriirfaejogen flatten, 
rmid;tcn triv; n?fil iWicmanb uiiei bic Xur effnete 
giiigen unt fert ; et)e id) il)m ein sliJcrl fageu fonnle 
I'erfc^ivanb er ; U'enii ee geniige ub t>iel regtiel, trddSifl 
bet Jlici^fu ; cb ic^ juriie, friig er mic^ ; fati^ biu 
Setter c( 2 i gulk^e, imuifd^te er abj;urcifen ; aid er fam 
Wlief idj : ba man fie bat, e^ gu tuii, fang fie ein iiieb. 
fdangc 2ie cef miv iiid^t pigefagt t)aben, ge^>e id; ni^ 
terf. ' 

K EYs TO Exercises in tii k Examination Paper 
IN Page 2760 

Exercise 1. 3d; fciine ciucuaitanu, ber verl;eivatet 
ift; id; fpracb wit ber grau, beren aHann frduf ift; 
die^ finb bie Jlinbcr, n'cld;e unr gefterii ini !i8albe trafen. 
,^euneu <Sie bie aildbc^cn, beren !i3rubcr ienuie fbielen? 
3^ btgeg'nete ber grau, beren SWanu beim ©c^ipbruc^. 
wm'fam ; biciS ift ber Jtnabe, ber mici^ biitc^ ben 3Balb 
fii^rte. (^v ift eiji 3Kanu, beffen ©iite aiigcmeiu 
befannt ift. 

Exercise 2 (a). X)ev (Scibat flc^t tavfer; ber 
^Unb betregt bie 3ii>eige ber iBdume; bihf (Scimeiii 
inrtergang bemegt mic^ umgufel;reu ; bad S)?db(i^en flid^t 
linen Arang; er (;ebt bad gaf ; bie ©deafer fc^ereu bie 
^djafe ; bie Jlnabcn ftie^en ; bad aaiajfer fliegt raf(^|. 

(6) Imperfect : (Eie genoffen nic^t, etc. ; bie 
frc(b, etc. ; bad ^^affev fott ; ber 3dget f(^oJ 
vorgugUc^ ; id) i^evtor mein ®etb ; id^ rerbet, etc. ; 
bie !iB lumen rcc^en gut; id^ glaube ber STlann betvog 
mid) ; bie $flange fcg, etc. 

Perfect : <B\e ^aben ni(^t bie ©d^dn^eit ber 2anb^ 
febaft genolTeu ; bie 'Scblange. ift fiber . ben. IHleg 
gefroeben ; bad ©affer Ijat gefotten ; bet 34ger ^at nor- 
.guglicb gefdbcffett ; i(b b^^be mein @elb nertoten ; icb 
l;abe ^i^nen bied etnflUdb verboten ; bia tinmen b<^ben 
gut getcebeu ; icb ^i(Mhe bet SDlann micb bettogen ; 
tic $flange bat ibre 9tabtung and bem ^cben* gefegen 
(or gefaugt). 

Exercise 3. Qt ift ni(bt jjebermanud greuub. 
man geberen ift, bert beimdt ed einen an ; ed ift 
nidbt febermannd @efdbma(f gn flreiten;; b^t< 
ftnood gebdxt ? 9tein, i4 .b^^ 
niemanb(em), ben i<b nid}t fenne. :3emanbed ^nb 
m\xi babei im <5vu(e gemefen fein^ 

Coniimid 
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flROUP 22-DRESS AND HOUSEKEEPING • THE WOMAN AT HOME-CHAPTER 22 > 

. The Making and Dressing of all Kinds and Makes of 

Shirts. Drafting, Cutting, and Finishing. Collar Making. 

SHIRT AND COLLAR MAKING 


F orty or fifty years ago shirtmaking was 
one of the cottage industries of England, 
but the general adoption of the sewing-machine and 
its introduction to the factory system of working 
brought about a change in tliis class of work. 

Cutting Out the Material. In the factory 
the first thing is to cut out the material in the most 
economical manner. This is done by laying out a 
number of folds of the material to be uscii, and 
placing the various parts of the }»attern, which are 
usually cut out first of all in tin or stout cardboard, 
and, after these have been marked round in pencil, 
cutting them out with a hand-knifo or band-saw 
in as many thickncisses as required for the different 
sizes. For domestic or individual work, of course, a 
different plan is adopted, but it is equally important 
to arrange the pattern so as to use as small a quantity 
of material as possible. 

The various parts of the shirt having been cut. 
the body part from calico, and fronts, cuffs, and 
collars from linen, the 8U})plcmentary parts have 
next to be attended to, such as the underlining for 
the cuffs, which is usually a fabric composed of a 
mixture of linen and cotton, and the backing for the 
fronts. The (piality of a shirt if^gonerally made to 
depend upon the fineness of the linen employed in 
making the front and cuffs, which is reckoned ac- 
cording to the number of threads to the inch, as 
counted through a magnifying-glass specially made 
for the purpose. 

The various parts of the different kinds of shirts 
will be 8c<m by reference to the diagrams, and these 
are put together by the ordinary methods of sewing, 
the main objects being to fit the body without 
causing discomfort at any j)art. 

The buttonholes should be very neatly worked, 
and a sewing-machine for working buttonholes is 
largclv used in all shht and collar factories. T'his 
machine, by means of a kind of cross-stitching, docs 
th(? sewing before the hole is cut, this being done 
by a chisel, or similar tool, after the shirt or collar 
has been finished and dressed — that is, starched and 
ironed. Care should be exercised in seeing that the 
buttonholes harmonise as regards position, that the 
hole in the back of the collar bo exactly in the cimtre, 
and that those of the cuffs are properly balanced. 

Material for Shirts. The material usetl 
for making shirts is a calico, in the trade termed 
longclbth, varying from 34 in. to 37 in. in width, the 
price ranging from 6Jd. to lOd. jx^r yard — retail — 
according to quality required. 

The quantity of material rocpiired for two .diirts 
with stiff fronts and wrists would bo fi yd. longeloth, 
1 yd. Irish linen for frontings, and IJ yd. of heavy 
interlining. The intorlinging might bo cither linen 
or cotton. 

The wristbands are usually made fourfold — 
which accounts for the extra length of interlining — • 
to resist the greater wear on them generally. Cottons 
Nos. 40 to 6-coni, would be suitable for body- 
making, but for fronts, wristbands, and buttonholes, 
60, 6-cord, would be best. For needles. Singer’s J 
would be found most suitable for the purpose. 
The material lor flannel day -shirts varies from 


3 yd. to 3.J vd. These arc, of course, easier to make, 
owing to their being no stiff fronts or wristbands 
to be inserted. The cloth is folded in the same way 
08 for dress-shirts, but instead of cutting away a 
piece for the insertion of the stiff front, a piece of 
cloth about two inches wide is stitched down the 
centre, so as to form a broad plait when buttoned 
over. Then slo|Mi out the neck according to the 
size mpiired. The neckbands of these shirts are 
generally made of drab or grey sateen. 

The wristbands are cut so as to fit just round the 
wrist about 2i in. or 3 in. deep. F(‘arl buttons are 
used for fronts and wristbands. Owing to the 
greater strength required of th(*se shirts for day- 
work generally, the same .should be made uj) with 
6-cord cotton, 45 to ,>(). 

Lrinen Collars. The quantity of material 
reqiiircd varies according to the shape of collar. 
The cloth used for fronting is generally Irish linen, 
which dro8.ses up so much better than cotton, and 
imparts a higher finish to the collar when dressed, 
and wears longer. 

The collar can ^>e lined with either a heavy 
cotton or linen interlining, but the latter would be 
more durable, and would be found cheaper in the 
end. The material for collars varies from 34 in. to 
36 in. in width. Singer’s 0 needles arc suitable 
for collar- making, (’ollars should b<‘ made up in 
6-cord, 60 to 80, cotton. 

Diagram 9 gives redu(;ed models of some of the 
most popular styles of ef)llars, which only need to 
1)0 repHsluced by the ordinary inch tape to give a 
good model. The j)attcrns given may be reduced in 
height if necessary, to suit prevailing fashion. 

The variations in j.izc can be easily made by 
adding to or taking from the back. 

** Dressing/’ A new shirt should first bo 
placed in cold water for the purpose of taking 
out the dress or ])riming of 'the cloth of which it 
is made, and afterwards taken out and washed 
as household linen, being thoroughly well dried 
in the open air btjfore starching. While the 
shirt is drying, lump borax should be dissolved in 
the proportion of 4 oz. to 6 oz. in one pint of boiling 
water to half a doziui shirts. The starch (which 
should always be good rice-starch) should then 
be prepared. Take 1 lb. of starch ; add a little 
blue, which gives tint shirt a whiter appearance 
when <lrcssed ; mix the starch in a little cold water; 
then add water in which the borax has been dis- 
solved, which, however, should first bo allowed 
to ctHil. The shirt being thoroughly dry, first 
take hold of the wristbands and well soak and 
rub in the starch that has been prepared, and 
then deal with the front in the same way. The 
wristbands should next bo rolled to front tightly, 
and the shirt allowed to remain three or four 
hours, if possible. It could be ironed immediately 
if required, but in this case it would need to be 
first rolled in a diy cloth, or rubbed down with a 
dry cloth to take off the surface starch and super- 
fluous moisture. If the starch appears rather 
thick when rubbing, add a little water to reduce it. 
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Ironing* First sot or lay out flat the yoke of 
tho shirt, then neckband, and afterwards ' the 
body, seam to seam. 

Iron the body of shirt first, then ** set *’ the 
cuffs and iron the sleeves. When this is done, 
prepare the front. Place a board (which should bo 
covered with a piece of ironing 1 

flannel) between back and front 
of shirt, and then set for iron- 
ing. Next take an oval iron, 
or polisher, well heat it, and 
then take a piece of rag upon 
which a piece of beeswax nas 
been placed, and rub tho iron 
lightly with this, which will cause 
the iron to run smoothly over 
tho starched front and wrists, 

But, before using, wipe again 

with a clean duster, to remove 

any particle of 'beeswax that 

might be sticking to the iron. ^ 

Then, ^with the- heel of the 

polisher, rub briskly, using the j B 

point or nose of the iron around v j | } M 

neckband. When ironed, fold K/ i ; , i iM 

and press with flat-iron, well Mf S , V^m 

air, and tho shirt is will be ready K | | 

For tho washing, drying, 11, , W^\ 

starching, etc., of collars the J 

same process is used as for shirts, .o, ^ ^ 

but the quantity of starch ^ ] 

quired depends upon the number 4 WX 7 } ^ 

of articles to bo dressed. IHci 

White shirts are made up in 
many varieties of fronts and 6 — 

cuffs. Thus the dress-shirt has 3 

a front 14 in. or 15 in. deep, * a * 

and about 11 in. wide, with 
one stud-hole in tho centre about 5 in. or 6 in. 
down from the collar. 

Tho ordinary or everyday shirt has a front 
from 11 in. to 13^ in. long, and 8 in. to 9 in. 
wide, with two or three buttonholes up tho front. 

Short-fronted shirts arc also made for those 
who wear high-buttoning vests, and the newest 
stylo of these are V-shaped, which gives much 
more comfort than tho old round pattern. 

Many shirts are now made up with soft fronts, 
or, in other words, without the insertion of any 
kind of front, and it is to this class that the flannel 
shirt belongs. 

Cuffs are usually placed at the wrists, but many 
arc now made with de- 
tachable cuffs. Occasion- 
ally shirts are made up 
with collars attached, 
but this is the exception. 

Tho fastening can 
either bo arranged up 
tho front or the back, 
but the latter plan is 
preferred. A slit is made 00 . 

about 12 in. deep, and a the 

facing seamed on and the neckband arranged 
accorainglv. 

Football shirts are mgde up in all kinds of 
patterns, according to the club selection. They 
are usually finished at the neck with a turnover 
ojUar, and a patch pocket on the breast. 

is made longer and fuller tlmn 
the day-sUi^ nut, generally speaking, is of , the 
acnigpi is finished at the neck with a 




turnover collar and a breast pocket. Opcasiohaily 
the bottom of the back is out ten or twelve inohes 
longer, turned up to form a pocket for the feet. 

An excellent book on cutting and making all 
kinds of shirts is published by the John Williamson 
Co., Ltd., Gerrard Street, W., from whose pages 
we have reproduced the f<mow- 
2 ing system of cutting the two 
principal styles. 

TaKing the Pattern. We 
first proceed to describe the 
system, and, in order to make 
it as simple as . possible, wo 
have selected a style of shirt 
which is very free of complica- 
tions, and will describe the 
cutting of this by divisions of 
tho breast -measure system, for 
which the ordinary measures 
of length and 'widtn, tho same* 
as for a coat, will suffice. 

The Back [1]. Draw line 
O 36 and mark off as follows : 
O to L J in. O to 9, one- 
sixth breast plus 3 in. O to 17 
tho natural waist length. O to 
36 the full length desired plus 
the seams. O to 2i one-sixth 
neck. From these points square 
linos across at right angles. 

2J to 1| one -twelfth neck, and 

rH£^i££v£ I I curve back neck. IJ to 8 tho 
I Jj width of shoulder, as taken on 
! / / customer, plus two scams. Square 
'// down from 8 to 8'“. 9 to lOJ 
one-fourth breast plus IJ to 
2} in. Square down from lOL and 
« . hollow on lino 17 1 in., and add 

on 1 in. of spring over the seat. 

Mark' out from 17 1 in., and draw lino from 
O through 1. 

Thk Front [2J. Draw line O 33L O to 2^ 
one-sixth neck. O to 8i one-sixth breast plus 
2| in. 0 to 16J natural waist length let>'s in., or 
by making the distance from 8J to 16 J the same 
as 9-17 of the back. lOJ to 33i 2 in. less than 
17 to 36 of the back. Square lines from O, 2^, 8J, 
IflJ, and 33L O to 2^ one-sixth of the neck. 2^ 
to A the same as IJ to 8. 8J to 8 one-fourth breast 
less lin. SJ to 10 J one-fourth breast plus IJ in. 
to in. Hollow waist 1 in. 

Give I in. of spring under tho hips. Add on IJ 
to 2 in. for button-stand and front pleats. 

The Sleeve and Cuff 
1 3 and 4]. Draw line 
O 24 ; 0 to 2i, 21 in. to 
31 in., the smaller 



6-8. FITTING THE 


quantity for easy-fitting 
sleeve. O to 24 the length 


sleeve. O to 24 the length 
of sleeve loss cuff and 
shoulder-width, due pro- 
• . vision Joeing made for 

SraRT TOGETHER ^ 

11 in. 24 to 61 one-sixth breast plus 1 in. Cut as 
in under part, about 2 in. or 21 in. from crease. 

For tho cuff [41 draw lines 0 21, 0 61. 0 to 61 
half size of cuff desired, plus. 1 in. 0 to 21 depth 
of cuff desired plus 1 in. .. Add on point at X or 
shape to taste. The cuff may Iw Varied consider- 
ably, and this is but one style of many. 

The Collar [6]. Draw line O Sf:* 0 to 81 
half neck ]^a8 1 in. 81 to 11, in. Draft collar 
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1 } deep at back andd in. deep at front. In the accom- 
pan^ng diagrams we give a few suggestions on 
mamg up. Diagram 6 shows the back joined to 
the front at the shoulders and the side; about 2 
in. from j^he bottom of the sido-seam a gusset is 
put. The opening is cut down the front al^ut J in. 
to the right of the centre and about 13 in. deep. 
This is then turned in, and forms 

the button - stand, while the 

other side is turned in to form a 
pleat, and the under part turned 
over to meet it, the holes Ixdng 
worked in this as shown in 7. 

In 8 we show the sleeve made ii j) ; the 
fulness at the top may either be put in 
the form of pleats or gathers, which also 
applies to the cuff ; the slit of the sleeve 
should be faced so as to lake buttons 
if necessary. Binders are often put 
on round the armhole in order to 
strengthen it at that part. Those are 
shown in 6 and 8 . 

YoKed and Fronted Shirts. The vast 
majority of shirts are now made up with yokes and 
inserted front. This plan is now adopted not only 
for white and coloured linen shirts, but also for 
flannels, so that this is by far the most popular 
style of shirt at the present time.' These two 
features do not necessarily go together ; the yoked 
back may he used with the plain fore part [2{, or 
the fronted fore part may be 
used with the sac back [IJ. 

Thk Yoke Back flO]. Draw 
line O 36. O to i, i in. 0 to 
3, 3 in. more or less to taste. 

0 to 0 one-sixth breast ])lus 
3 in. O to 17 natural waist 
length. O to 36 full length of 
back plus two seams. Scpiare 
lines at right angles to these 
points. 0 to one-sixth neck. 

to IJ ono-twelfth neck, and 
curve back neck. IJ to 8 the 
width of shoulder plus two seams 
(1 in.). Square down from 8 to 
8^. 9 to 10 J one -fourth breast 

plus IJ in. to 2i in. Square 
down from lOJ. Hollow inside 
this lino 1 in. at waist, and add 

1 in. of spring over the f eat. 

Shape bottom of yoke to taste. 

In the diagram it is pointed 
in the centre, which is 3 in. 
down from O. The depth at 
the scyo is 2 in. Let back over- 
lap tms at the shallowest part 
at least J in., as shown by dot 
and dash line. 

Tub Foee part [11]. Draw 
line 0 33 J. O to 2J* one-sixth 
nock. O to 8J ono-^^xth breast 
plus 2i in. 8J to 16J the same 
as the Lack from 9 to 17. 8J to 33J about 2 in. 
than 9 to 36 of tho back. 8J to 2J, and O to 2J, 
each one-sixth of the neck. 

Square across from 2i* to A, and make 2J to A 
the same width as IJ to 8 of the back. 

’ 8J to 8 one-fourth breast less 1 in. 8J to lOJ one- 
fourth breast plus IJ in. to 2J in. 

Square down from lOJ. 

* Hollow side-seam at waist 1 in., and give about 
1 in. of spring over the hips* 


of tho front varies 
general size is that 


The Front. The shape 
considerably, but tho more 
indicated on this diagram. 

The depth extends to within 1 in. or IJ in. of 
waist line, lOJ. The width of the front at the 
bottom is 3J in., including the J in. button- 
.vtaud added beyond tho centre line. 

The width across the widest 

J l>art of the breast just below 
the depth of scye lino is 5 in., 
• including the J in. button - 
' stand. From this point it is 
continued up to the shoulder 
tviinj, where it is made 1 in. wide. 



COLLAR DRAFTING 
A, The “Wing" B. Tho 
• Stand “ V The “ Double * 


To provide for seams wh(‘re tho front 
is joined at the breast., allow J in. at 
both side and bottom. 

From B downwards allow 2 iti. for 
pleat at bottom of tho front. 

The Fleev(‘, cuff, and collar are as 
d(^K(Tibcd on 3, 4, and 5, though in 
the illustration wo show a j)laiiv round 
however, is a variation which may 


The yolk is intcuided 



cuff that, 
be easily introduced. 

Important Details. 

to be double. 

The extra width of the back is either gathered 
or pleated in to the yoke just above the blades on 
either side of (ho |K)int, leaving about IJ. in. plain 
on either side of the ])oint. This is shown in 13, 
^as well as the joining of the fore 
part to the yoke. 

In 13 we also illustrate the 
front sewn to the fore part down 
the f ides, from which it will bo 
seen there is extra width on the 
fore part below to bo gathemod 
or pleated in. This is gcmerally 
done by a box-pleat, and tho 
bottom* of front is either iinished 
with a strap or the front is left 
long enough to overlap the 
necessary amount. 

On tho figure in 11 we illus- 
trate the strapping method, and 
in 12 the plain method. 

These fronts are either made 
double or of more thicknesses. 

When working-men’s shirts 
are made up from Oxford shirt- 
ing in this way, the lining of tho 
front is of unbleached calico. 

When flannel shirts are made 
up in this way, the inner front 
may cither be of tho same flannel 
or a thinner one. 

The number of holes put in 
the fronts is usually three, 
though for dress -shirts this 
number is sometimes reduced 
to one. 

For white linen or cainbiic 
shirts, fronts are made up with four thicknesses, to 
take tho starch, and in this case the cuffs follow suit. 

A tab is often put on tho bottom of tho front to 
fasten it to tho top button of tho trousers. 

All tho seams are turned in and stitched or felled, 
and are never loft raw. This necessitates the 
provision of rather wider scams than the usual 
J in., so that they ought not to be less than f in. 
or J in. The bottom side-seams are left open about 
3 in. or 4 in. up, and tho top of tho slit is finished 
off with a gusset 


YOKED AND FRONTED SHIRT 
less 
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The Steel Trade in Relation to Knives and Razors. 

Razors : Gradlnd* Tempering, and Grinding. 

CUTTING INSTRUMENTS 


S HEFFiKLD is the ancostral home of the cutlery 
industry. When Crccy and Agincourt were 
shaping history, the English arrows made in 
Sheffield ** were so sharp that no armour could repel 
them.” A Government order is on record of 5000 
arrow-heads at 15d. per hundred. The importance 
of this early industpr is stereotyped in the bundle 
of arrows crossed which appears m the coat of arms 
of the city. In Chaucer’s “Reeve’s Tale” the 
miller carried “ a Scheffield thwitel in his hose.” 
The thwitel is the whittle or whittling knife. 

In Sheffield, methods have been transmitted to 
successive generations through the centuries, which 
sarcastic people now term rule-of-thumb, but which 
nevertheless have made the city the Mecca of the 
metallurgist. The methods of the steel-maker and 
the cutler are of the nature of acquired character- 
istics. crystallised permanently. 

The History of Cutlery Steel. Three 
great epochs stand as landmarks in the industrial 
history of the ancient town : the introduction of the 
crucible -cast stcHil process by Benjamin Huntsmap in 
the eighteenth century ; the introduction ot the Bes-, 
somor and the Siemens steel-making processes in the 
middle of the nineteenth centuTy ; and the inven- 
tion of Mushet steel in 1868, the parent of the high- 
speed tool steels which have radically changed the 
practice of metal cutting in the engineers’ machine- 
shops, increasing the output, and entailing as a 
consequence a radical re-designing qf machine-tools 
to fit them for the vastly increased cutting powers 
of the new steels. ICach of these movements has 
exercised a profound influence on the manufacture 
of cutlery and tools. 

All the early steels available previously to the 
discovery of Huntsman were blister or cement 
steels manufactured by the same essential methods 
as those which have been practised in India, Burma, 
and Africa from an unknown antic^uity to the 
present time ; that is, by contact either of iron 
ores or of iron bars with a carbonaceous material 
at a high temperature, prolonged during several 
days. Charcoal supplies the necessary carbon to 
the iron bars, and the resultant gases produce the 
blisters, whence the terra “ blister steel.” The 
best qualities of steel are still produced in this 
way, using charcoal, and the process is termed the 
cementation ^irocess. Bundles of blister steel 
raised to a welding heat and hammered produce 
the “ shear steel ” and “ double-shear ” steel from 
which all the early cutlery and tools were forged. 
No other was available previouslv to about 1750, 
when Huntsman was jxTfecting Kis discoveries. 
Kinds of Steel. The great and essential 
difference between the cemented or blister steel 
and the cast steel of Huntsman is that the first 
is raw and non-homogencous, simply because it is not 
fused, but the second, being melted in crucibles, is 
of uniform quality throughout. More than this is 
involved, owing to the addition of alloys. The 
difference in the two steels is a most important one 
in cutting instruments where particles,, mere 
speoks of non-uniform material, would interfere 
with the keenness and regularity of the ec^e. The 


two methods are described on pages 796^ anurl 797 
of the Sslf-Educatob. But objection was at' 
first made that the cast steel was much harder to 
work than the shear steel, and moreover Huntsman 
still preserved the secret which he had laboured so 
hard and long to learn, and the Sheffield cutlers 
of that time, whose craft was endangered, refused to 
buy his steel, and for a long time all he could make 
was exported to France. Later^ the secret of his 
method, which he had not patented, was stolen, 
and before ho died, at Attercliffe in 1766, the future 
of cast steel and of Sheffield was assured. 

The manufacture of cruciblc-east steel and its 
subsequent grading . is . tedious <and -costly. The 
best products arc worth 'about £60 per ton, and 
ooeasionaUy-for.speeial steels higher priccs-are asked. 
The inventions -of Bessemer and Siemens have given 
a much cheajier product, costing only one-fifth or 
one-sixth that of the best cnicible steel. The result 
is that these are used for the cheaper typos of 
cutlery, and the shear steel is reserved exclusively 
for the better qualities. 

The Mushet or self-hardening steel owes its 
value to the presence of tungsten, and it becomes 
hard after being heated, and without the quenching 
in water practised on the carbon steels. It is not 
used for cutlery, but very extensively fur cutting- 
tools in the engineers’ machine-shops, being capable 
of perff)rmihg two or three times the work of the 
ordinary carbon-steel tools. 

Steel Grading. All steels arc not alike in 
regard to their suitabilities. There is one steel for 
razors, and another for saws, and so on through 
all the range of their services. All the best cutlery 
steel is made from high-priced Swedish charcoal iron. 
The bars of nearly y>ure soft iron are transmuted 
into blister steel in a converting fqrnace. Hero 
the skill of thi? craftsman has in the first place to 
be exercised in sprting out the products of the 
furnace. The unsuitability of the converted bars 
for cutlery consequent on their lack of homogeneity 
is one of the variables. Another is the difference in 
their grades or “ heats,” which ranges from between 
about i per cent, to per cent, of carbon that is 
taken up by the bars. The first is a “ mild heat ” 
or “ spring heat ,” the last is a “ hard heat ” or 
“ melting heat.” The range of “ tempers ” between 
these denotes the amount of carbon present, and 
the degree of suitability of each for different services. 
A razor or a knife cannot possibly be made of steel 
of a “ spring ” heat; a spring cannot bo produced 
from steel of a melting *’ heat. The bars of iron 
which, when they were inserted in the furnace, could 
bo bent double cold without fracture are now so 
brittle that they are broken up into short pieces. 
By mcan.s of the aspect of the swfaccs the st^l- 
maker forms his judgment of the temper of the 
steel. In a “ spring heat the outside of the bar 
only is converted; the interior remains iron, and 
the bar is said to bo full, 9 f “ sap.” The propo^ion 
of steel to iron increases through the range of 
tempers pntil at the “ melting heat,” corresponding 
with about 14 per eent. of carbon, the crystals of 
steel extend tnroughout the biu*. 
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Steel Meltini!. After having been brokon up 
and sorted, pieces of like quality are melted in pots, 
and •the fusion renders the material homogeneous. 
That is simply stated, but the details of the operation 
call for the highest skill of the most experienced 
workmen. The exact percentage of carbon present 
is one fact. Homogeneity may not bo obtained by 
mixing hard and soft tempers together, though 
the ultimate carbon content ‘may l^o identical. 
Pieces of blister steel must ho used wnich are already 
converted to nearly the exact tcmyier required. Or 
selection may be made of a temper slightly harder 
than that required, and this may be “ let down *’ by 
the addition of some slightly milder scrap. All 
“ aired bars, or those which have not been con- 
verted, are rejected, and also “ flushed ” bars, or 
those in which the line of demarcation between iron 
and steel is sharply marked. After these pre- 
cautions have been taken, the work of melting gives 
rise to now difficulties. Neglecting accidents to 
pots, which are not uncommon, the steid suflers if 
it remains too long in the furnace, or if, on the other 
hand, for an insufficient period. In the first case it 
becomes “ dead ” and brittle ; in the second case 
it is honeycombed. 

When the “ molt ” is ready it is poured or 
“ teemed ” into ingots which, when cold, are frac- 


the same kind of steel. The demand for cheap 
cutlery is met by employing Hessemer steel for it. 
High'ClasH cutlery is made of doublo-shea.r stool; 
that is, as already explained, steel which has been 
roduced by the cementation process, but which 
as not been cast. The term “ doiible-shear ** 
signifies that it has been bundled and welded and 
forged twice over, by which proees.s its quality has 
been rendered homogeneous and its grain finer. 
Razors and the very best pocket-knives are mado 
of crucible-cast steel. There are good reasons for 
these differences. CheAp cutlery cannot be mado 
from costly steel; and since the demand for low- 
priced goods has to be met, that settles the question 
in favour of Bessemer. 

With regard to the blister steel, this is, as already 
ointed out, a body of iron enirlosed in steel. When 
alf a dozen of aucfi bars are welded and drawn down, 
either under the tilt haniiiUT or between the rolls, 
the result is an intimate mcehanical mixture of iron 
and steel. It is moderately hard, and favourable 
to a serviceable rutting fslge, while po.ssessing 
tenacity and elasticity. In the double-shear steel, 
prepared by taking the single-shear bars, drawing 
them down, and welding two of them together, the 
grain is coarser and more irregular than that of 
Bessemer stool, and the edge is thus more suitable 


turod, and then by the 
aspect of the fractured 
surfaces the percentage of 
carbon is estimated. Be- 
tween 1 per cent, and 1 ^ 
per cent, of carbon, an 
experienced man is able 
to judge by fracture of 
differences in every tenth 
per cent, present. From 
this stage the ingots go to 
the hammi'r, or to be rolled 
to bo reduced to the di- 
mensions required for 
the different kinds of cut- 



for table use than the finer 
grain of the Bessemer steel. 
But razors and surgical 
instruments, and some of 
the finest pocket-knives, 
are made of the crucible 
steel, because a very slight 
roughness of the edge 
would be incopsistentwith 
the character of the work 
which these instruments 
hav(' to jiciform. The 
fracture of such steel 
shows a very lino grain, 
uniform in character. which 


lory. The ingots are first PARTS OF A FJSN KNIFE JS further improved 

reheated thoroughly or of < «tepi from whkii w uie i* foixt^i {>. Mood of i.itoip- by the hammer blows that 

HOAkprl ** tbroiiffb In staifo • Mood of blatle tamr, »wond stuge SmUIn^l hhuK* rwuly for nm clcllvered in orilor to 
soaxea inrougn. in iia/rtenliig. third UardfiUHl bl. do y; Twnpeioa blade .c. RoukU Iiciivtn.a in onifT w 

these processes good steel „ioniid blade with kIrzM t«iig and ahonldpr A, Pol »hpd Idado— Mnlohed (Iraw (lOwn the StCCl froiU 
can easily be spoiled, but lludo..edandt«o.pe.edHyrin«for kn»lo 

a bad steel can never be manipulated into one of required size for the cutting edge. The high price 
good quality. And here the failure of the Bessemer renders tlie material an exclusive one. It ranges 
and Siemens steel to produce the best cutlery and from 25s. to (>()s. p(T hundredweight, from which it 


cutting-tools may be explained. The best steel 
must bo made from iron smelted from ore which cron- 


will be understood that cheap cutlery cannot bo 
made of good crucible steel. 


tains manganese. In making the Bessemer and 
Siemens steels, manganese is added in the form of 
spiegeleison, or forro-mangancse. But the cutlery 
steel refuses to take it in that form ; it n?quires to 
have it in the original iron ore. It takes no count 
of identical chemical analy.sis. Steel-making leaves 
problems unsolved yet. 

A portion of the ingot is “ top|)ed ” to remove 
the hollow or “ pipe ** which rcsiiks from shrinkage. 
It is then, as stated, either hammered or rolled, or 
both. Almost all manufacturers have hammers, 
but many send their steel billets out to be rolled by 
firms who work for the trade. The old tilt-hammer 
which held the premier place so long is now nearly, 
though not wholly, superseded by steam or other 
forging hammers. Whether a billet shall bo 
hammered or rolled depends on the use to which 
the reduced shai^s are to be put. Frequently the 
first is a stage only to the second. 

Varletias of Steel* At the present time all 
knives and knife-like instruments are not made of 


Machinery v. Handcraft. Ikom the pre 
paration of the steed we pass to the manufacture 
of the principal articles of cutlery. Each different 
kind of cutting instrument not only entails different 
methods of working, but it engages the services of 
large groups of operatives, each of whom performs 
one bit of detail. Some arc simple enough, others 
call for the exercise of the highest skill gathered by 
prolongeii experience. In making a pair of scissors 
about thirty processes have to be gone through. 
In putting together a four-bla<lcxl pocket-knife 
after all the different parts have been prepared, 
164 ojierations have to bo performed. 

Machinery is now becoming a rival to the ac- 
quired skill and deft fingers of the mechanic. It ia 
invading the shops and taking the place of hand- 
craft in two extensive fields — that of forging and 
of grinding. Recent years have witnessed a large 
increase in both, especially in the practice of drop- 
forging, or forging parts in dies or moulds. Many, 
light hammers are now fitted with such dies, in 
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which blad^ ‘ of various kinds are shaped with a 
few rapid blows, in place of the slower anid more 
laborious hand methods. Special mnding-maohines 
are also taking the place of hand-grinding for the 
larger articles. 

Table Knives; The steel for these is pre- 
pared in bars from an ingot measuring 3 in. square 
in cross-section. It is first reduced or drawn down 
under a steam or other hammer, and finished by 


rolling into bars measuring about 1 in. wide by 
I in. thick. The subsequent methods of forgitig 
have been greatly changtKl in recent years, hand- 
forging having been displaced in many firms by 
that done under drop-hammers. 

In the first-named the smiths generally work in 
pairs in a small shop, each man having his own forge. 
A rolled bar being taken and its end heated, it is 
drawn down bv hand, or under a spring hammer, to 
form a rough blade, the “ mood.” After cutting it 
off, a rod of wrought iron — charcoal iron being the 
best — is welded on to form the tang and the bolster. 
The union of the two is the “ thumb mark,”, which 
is always visible by the brighter or duller coloura- 
tion- of the steel and the iron. The bolster, or 
shoulder, is that part which keeps the knife off the 
table, and it is formed by hammering the hot metal 
in a die or mould. The ” tang,” or handle portion, 
is drawn down' to its taper^ fonn b^ hammer 
blows on the anvil, and the thinner cutting edge is* 
roughly formed by hammering. The makeria name 
and trade-mark are then stamped on the blade. 

This very interesting process of entire forging by 
hand has now been largely superseded machine 
foiging from a thick steel bar. It is claimed that 
blades of equally fine quality and superior toughness 
can bo produced, owing to the amount of hammering 
which IS necessaiy to reduce the bar to the flat 
shi^ of the blank. The incipient bolster is formed 
under a belt drop-hammer as a projection or 
enlargement above the blade portion. From this 
the bolster is stamped, and then the part beyond is 
lengthened by drawing down to form the tang, 
whmh is also often serrated in order that the handle 
shall grip it thoroughly. 

Th^^ outpnk by winie of the. big firms where 
machine lofKplf ie instaDed is enormous. At the 


firm where the “ F^ye- Witness ” eutleiV is produced, 
that of Messrs. Newham, Veall, and Tyzack, Ltd;, 
eight or nine power-driven hammers are occupied 
in stamping knife-blades alone — table, dessert, and 
carvers. The operators work in pairs, a youth 
handing the bars of steel, heated at one end, to the 
forger, who reduces them between the stamps, the 
“ tup ” or top half stamp of which is lifted oy the 
belt on the pulley* overhead, controlled by the 
workman. A length of a few inches is 
drawn down to form the blade, leaying 
about an inch untouched. A number 
of blade ends are produced first, and 
then the inch length is reheated, and a 
number of bolsters are stamped in se- 
parate dies. Another heating is required 
to form the tang. Gas furnaces are now 
rapidly sujiersSing the coke fires for 
heating the steel in these operations. 

KnIfe-maKIns Processes. 

The cheaper kinds of tabic cutlery are 
not even produced by those processes, 
but are stamned from sheet steel in 
what is termea a “ fly,” or open stamp. 
The tangs are, of course, flat, and the 
handle is formed in halves, riveted 
through the flat tang, as in butchers’ 
knives. Some corrective hammering 
has to ho done after the stamping, but 
the knife docs not possess tne dura- 
bility of the forged blade. 

The next stage in the manufacture of 
knift5 blades is the hardening, followed 
by tempering. These are, two most 
iniportant operations, on which both 
the cutting capacity and the elasticity of the knife 
depend. Elvery different brand of steel requires 
some modification in its treatment, and a table- 
knife which must be able to spring is tempered 
differently from the more brittle razor, or pocket- 
knife, or scissors, ^fho knowledge of the minute 
differences which the smith makes is acquired only 
by a very lengthy cx|,)erionce. 

The hardening is jiroduced by raising the knife 
blade to a full cherry-nxl, and plunging it into cold 
water. This renders the steel “glass hard,” and 
so brittle that a slight rap would break it. Its 
colour is then a greyish-white. It is put back into 
yic fire and reheated to a light blue colour, and 
then plunged again into water to impart the propei 
temper. This statement appeals simple in print, 
but the details have to be most carefully observed. 
A very few degrees of difference in temper.<iture 
either above or below the critical and proper stage 
would influence the temper unfavouraoly, as also 
would the presence of any grease in the water or on 
blade. Neither may the bl^lo be too thin ; it is tbe 
better to grind awaj** a little excess than to forgo 
too close to size. 

Tempering. Tempering is a delicate opera- 
tion. Danger of cracking exists in addition to the 
risk of an unsuitable degree of hardness. Blades are 
dipped into the water cither verticIRly or obliquely, 
but not . flatwise, and they are moved up and down 
in it until cold. This is done in order to avoid the 
risk of cracking at a lino of demarcation, and also 
to present the surfaces continually to frrah sti;ata 
of cold water. It is desirable also to remove ithe 
surface scale before tempering. A portion of the 
suj^ce must be polished m older that the workman 
may obs^e the changing tints. . This is done by 
rubbing a bit of grindstone on it. Bmall articles 
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like ra/iors and penknives, arc heated several at a 
time in travs, and are removed singly , with pliers 
whea the backs come down to a straw colour. 
Fresh blades are pushed along in the tray to take 
the places of those removed. 

Grinding. Following the tempering comes 
the rough grinding, still done, as of old,, on largo 
natiiral grit-stones from 4 ft. to 5 ft. in diameter, i 
which are revolved rapidly [2]. The grinder sits on 
the saddle of a ' * horsing coming partly over the 
stone, and with his feet on the ground, so that he 
is able, by leaning slightly forwanl, to. press the 
weight of the upper jmrt of his body on the knife, 
which he holds on a hat stick, and afterwards on a 
wooden frame, the stone revolving away from him. 
Another finish grinding follows on a “ whitening ” 
stone, and this is supj^cmented by “ glazing the 
blade on a wooden wheel charged with emery, 
becewax, and suet, and a final “ buffing ** oii a' 
wooden wheel covered with leather and fine emery. 
Handling; follows, and afterwards a Iasi buffing 
and insp ction [3] Methods of handling cutlery are 
dealt with separately in a succeedi a* tide. 

The hand-grinding just described is as likely to be 
largely superseded in the near future as the hand- 
f urging has been. There are now several grinding - 
machines of wonderful perfection, turning out work 
of high finish. 

Penknives and Pocket-Knives. Those 
are not identical. The first has the blades at oppo- 
site ends ; in the second they are side by side. Gener- 
ally, too, the first is of smaller size and lighter than 
the second. The penknife retains its name, though 
its original function, that of cutting quill pens, is 
obsolete. The pocket-knife has more strength in 
the blades, being required for cutting wood, rope, 
and for general purposes. 

The blades are forged either by hand or in stamps 
under power hammers. The first-named are forged 
from bars, the blanks being termed 
“ moods ” ; the second are stamped 
from sheets. The latter take a good 
edge, but they snap more easily in use 
than those which are hand -forged from 
the bar. 

The blanks are tempered at a dark 
blue, being made slightly harder than 
table-knives. The assembling of the 
blades in the scales,” or sides, and the 
fitting of the inside division, call for 
an amount of skill that is only acquired 
by many years’cxiKsrience. ^Jvery part 
is prepared by its templates. The steel 
parts of a penknife which arc enclosed 
in the scales are shown by Fig. 1 suit- 
ably named. Although the various 
sections have to be riveted tocether 

finally, they are located and held tern- 

5i ill. 1 j : 


to the tang and bolster, finisliing - and polishings 
which are too numerous to bo detailed 

Patterns. The varieties in knife patterns is 
astonishing. Tp name one firm only, that of Messrs. 
Thomas Turner k Co., of the Suffolk Works, the 
average number of })atterns kept in stock or to order 
is between 2000 and 3000. At different times no 
fewer than 10,000 different imttems have been 
produced there. The explanation is that fashions 
and tastes change, and that cliffei-cnt countries or 
|)arts of a country have ij^ffercnt tastes and ideas. 

‘ Razors. These rank in the highest class of 
cutlery along with surgical instruments. They are 
made from crucible-cast steel containing about 
H per cent, of carbon. The blanks are drawn down 
on the anvil from bars of about 1 inch square, or 
they are drop-forged similarly to scissors, are 
tempered at a straw colour, and are then delivered 
to the grintiors, men of whom a very high grade of’ 
skill and experience is demanded. The delicate 
touch acquired by the hand-grirldcr is still preferred 
to any machine-grinding at the final stages. The 
grinder, without any kind of mechanical guide, is 
able to maintain the uniformity of thickness abso- 
lutely essential, solely by virtue of his highly 
imined sense of touch. But this final correction is 
reserved only for a few of the highly skilled men. 
The rough preliminary, grinding is done by those 


possessing less ability, who only grind the tang and 
the point, leaving the blade to be dealt with by the 
more skilled. ^ 

The best razors aro hollow-ground, a form 
which permits of re whetting them without the 
necessity for ro-grindii!fe for many years. At the 
centre the thickness is little more than that of paper ; 
the cutting edge is thicker, being wedge shaped, and 
the back is thick to afford the necessary rigidity. 
The grinding is done first in the longitudinaT direc- 
tion by means of a grooved stone or emery wheel, 



porarily with loose pins during the fit- 
ting and corrections. First, the metal 
scales having been prepared from tem- 
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plates and registered together by pins, the edges are 
filed to outline in the vice guided by a steel pattern. 
The holes by which the outer coverings of bone or 
horn ^re atbMjhed arc drilled, and. the coverings are 
riveted and afterwards filed to match. Holes are 
drill^ for the insertion of the spring. The springs 
are drilled and corrected, if necessary, a number 
being strung on a wire and hardened, not in water, 
py “ buying off ” in 'oil, which produces the 
etastioHy requii^. Many minute operations and 
^justments accompany the fit^^ing of the blades 
into the handle, witn proper corrections in relation 


after which the blade is ground from back to edge. 
This is done by means of small cylindrical stones, 
or wheels, beginning with one that is 6 in. in 
diameter, and finishing with one of about 2 in. 
in diameter. The final stages of these operations 
aro the most delicate ones. For if some portion of 
the edge were ground slightly thinner than others, 
the razor would be sharpened unequally and 
become wavy. After the grinding the scratches are 
removed by ” glazing ” on a buff or leather-covered 
wheel, and the blade is finally polished on another. 

JOSEPH G. HORNER 
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The Office and its Equipment. Staff. 

Copying and DupllMtIng. Translation Work. 

TYPEWRITING AS A BUSINESS 


A S a meanM of livelihood, typewriting, i sually 
in coniunctionwith stenography, is boco n- 
iiig almost the exclusive sphere of women. It is 
work for which they are particularly fitted. It 
demands precision, neatness, and attention to 
detail which seem to constitute too great a strain 
on the average masculine capacit 5 ^ When 
women enter a field in force the position of man 
becomes gradually untenable, as it seems to bo 
an accepted, though unjust, dictum in our com- 
mercial economy that a woman, although fitted 
for and doing the same work as a man, ought 
to be content with a very much smaller remu- 
nerat ion. The advent of women into the domain 
of commercial office work was synchronous with 
the introduction of the typewriting machine. 

Conditions of Employment. The condi- 
tions of employment of the woman stenographer 
and typist arc almost as diverse as the offices 
where she is employed arc numerous. The 
occupation is considered mechanical, and all 
purely mechanical cm|iloym(‘nts arc poorly paid. 
But a good general <‘ducation, and the ability 
to exercise independent judgment in case of 
ambiguity in the copy, is essential in a thoroughly 
trustworthy typist, so that the popular con- 
ception that typewriting is easy };nd mechanical 
is erroneous. 

Wo have heard of girls who professed expert 
ability both as shorthand writers and as typists 
accepting positions at (ks. per week. There arc 
certainly some thousands in the City of London 
today who are earning between 128. and Ids. 
a week. But if the average wage of a good typist 
in a good office could be estimated it would 
probably be found to be from 258. to 30s. a week. 
To attain a higher figure a woman must have 
exceptional ability and a knowlwlge of foreign 
languages, apart from mere proficiency in short- 
hand and machine manipulation. 

The typist aspires to the dignity of pro- 
prietress-ship of a typewriting office. The 
starting of such an office is an important step, 
and demands caution and circumspection. 

A Typewriting Office. The typist 
ought to have some assured regularity of work, 
or should bo in an exceptionally favourable 
position for securing it, before she takes an office. 
Rent and other expenses must be paid whether 
work comes in or not. The choice of an office 
is the first consideration. If she have guarantee 
of regular employment she will naturally instal 
licrself in a position as convenient as possible 
to the offices or residences of her prospective 
customers. The large office buildings which 
in London and other largo centres form hives 
of commercial and professional activity offer 
the best places for such an establishment. 
Proximity to possible customers is an essential 


to constEnt custom, for the best patrons may be 
wooed away by an opposition office if the latter 
be nearer, and therefore more convenient. 

The beginner should not consider an office 
at a higher rent than £50 a year. Indeed, she 
ought to get one for much less, say £30 or £40, 
which will be centrally situated and give ail 
the necessary accommodation of two or three 
rooms. Also, she should not saddle herself 
with a lease of the office. It is usually possible 
to secure the premises upon a monthly tenancy. 

Equipment, The office, having been secured, 
must be equipped. The most expensive items 
are the typewriters themselves. The cash price 
of the best makes is £22 each. It is possible to 
buy cheaper machines, but the opinion of the 
majority of those who make their living by 
manipulating a typewriter is that, excellent as 
the cheaper machines may be for oecasional and 
private use, they are not sufficiently strong and 
reliable to stand the hard wear of constant 
tapping for eight hours a day throughout 300 
days in the year. But the total disbursement 
need not be made in one payment. All the 
typewriter companies are prepared to sell their 
machines upon the hire-purchase system, and 
the extra price demanded for the accommodation 
is only 5 per cent. The usual terms of payment 
on the instalment system of purchase are £2 
deposit and £2 per month. 

Second • Hand Machines. A word 
may be said about second-hand typewriters. 
Occasionally these are more exj)ensive than 
new machines, owing to the imperfect state of 
repair. The woman who buys a second-hand 
typewriter is usually wise to patronise one 
of the typewriter manufacturing firms, or, if 
she buys it from an outsidt' dealer, to have the 
machine examined and certified to be in 
thoroughly good order by the makers. 

It is not our purpose to discriminate between 
the respective merits of the many typewriters 
put forward as the best on the market. The 
purchaser must decide this point from an 
inspection of the machines themselves or from 
perusal of descriptive literature, which every 
manufacturer is only too pleased to supply. 
But it is a point worthy of note by anyone 
purchasing a typewriter for use upon many 
different classes of vfork that machines of the 
type of which the Hammond is the best known 
afford the facility of changing Jfrom one style 
of lettering to another by the mere withdrawal 
of one type shuttle and the insertion of another, 
an operation of only a few seconds. 

Office Furniture. Besides the typewriter, 
each operator must be provided with a desk 
and a chair, the joint cost of which need not 
exceed 60s. .A smaller sum may be madoTto 
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Buffice by purchasing only a couple of small 
tables and a few chairs, which may always be 
bought very cheaply second-hand. Other items 
of capital expenditure are a carpet or other 
floor covering, a stock of paper to the value of, 
say, 203., some carbon duplicating paper, say, 
12s.j and the office stationery necessary in any 
business. The duplicating department, which 
should bo pushed, will entail the purchase of 
apparatus. The typos .of machines most satis- 
factory for such work, together with several 
labour-saving devices of value to the typist, 
are discussed in the Business Section on page 
1396. The office must be provided with a good 
dictionary, but one may bo purchased for 28, 6d. 

. If it be found that technical or scientific work 
comes in regularly and in fair quantity, a techni- 
cal or scientific dictionary , may bo lequired.. 
It is essential to have books of reference to check, 
uncertain orthography.' Then, if translation 
and copying in foreign languages be a depart- 
ment, a set of English-foreign dictionaries must 
be bought. 

Staff, The woman who opens a typewriting 
bureau will, unless she is fortunate enough to 
begin with a very good list of regular customers, 
find that two assistant operators are capable 
of overtaking all the work she is likely to secure. 
At least one must be a capable stenographer, as 
demands will occasionally be made for one to 
bo sent out to write at someone’s dictation. 

Young girls are often taken into typewriting 
offices as learners, and the practice enables the 
proprietress to secure service without salaiy 
expense and in return for tuition. Indeed, it is 
common for learners to pay a premium of £5 6s. 
to £10 10s. An intelligent learner should in six 
months acquire expertness in the operation of 
a typewriter and moderate speed in shorthand, 
thereby becoming entitled to a salary. She 
should at the same time have attained a good 
knowledge of secretarial and general office work. 
During the first two months of her tuition she 
will, however, prove of little practical value in 
regular typewriting work, where experience is 
essential, and it is uneconomical to trust too 
much to such assistance. 

Copyii^g. The copying of manuscrix>ts is 
usually the chief business of the office, and is 
the least remunerative class of work under- 
taken. Even at the highest scale prices the 
profits axe not large if &ir wages bo paid to 
the typists employed. Some expert operators 
can turn out 1000 words an hour, but this speed 
can never be i^aintaincd for an entire working 
day. The average amount of work for an eight- 
hours day is from 4000 to 6000 words, according 
to the clearness of the copy and its nature. If 
an operator cannot do this quantity she is not 
entiued to claim to be a fully qualified typist. 

Mimeography. The manifolding of circu- 
lars by the aid of a mimeograph or other manifold 
mSfohme [see page 1400] is far more remunerative 
tllan* ordinary copying work. Axv.operator can 
eaittly take oil *200 to :)00 o^ies an hoiur alter 
ihi^ .stepQil labeet lias^.beQn Qqied, and at the 
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regular prices this pays very well indeed. This 
department should be pushed on every possible 
occasion, and, by impressing the advantages of 
mimeographed circulars upon oustomers, much 
work which would otherwise issue in printer’s 
type may be secured for the typewriting office. 

The ribbon process duplicator, an excellent 
device now considerably used, is a machine by 
means of which letters intended for multiple 
reproduction are set up in metal typewriter typo 
and printed through a wide typewriter ribbon. 
The effect is, of course, to get the ribbon im- 
pression of the typewriter, and not the mere 
imitation, as is the case with the reproductions 
made with the stencil duplicators. 

Foreign Translation. It is desirable 
that translations to and from French and 
German should bo exeoutctl in the office cither 
by the principal or by a qualified assistant. It 
is, however, unusual to translate other foreign 
languages in the office, but to send' them to 
regular translation bureaiix. Many typewriting 
offices whose proprietors profess to do such work 
in the office merely send it to a translation 
bureau. The usual practice is that the transla- 
tion bureau allows a discount of 25 per cent, 
from usual retail price, and this proportion 
represents the p»61it of the typewriting office. 

Shorthand WorK. The shorthand depart- 
ment of a typewritifig office is another fairly 
lucrative branch, if prices recognised as standard 
be maintained. The work is j)aid for by time, 
and the quantity possible in a given time 
depends upon the speed of the dictator rather 
than upon the ability of the stenographer. The 
assistant sent to record dictation should always 
be able to work up to the limit of the customer’s 
speed of speaking, for nothing dissatisfies a busi- 
ness man more than a stenographer for whom 
he has to wait. [See Shobthand.J 

Dictating Machines. Another class of 
work has lately entered into practice. This 
is the dictation into the phonograph or graphe- 
phone by professional or business men. By its 
agency the need for the presence of a shorthand 
writer by the side of the dictator is obviated, 
and this is no small recommendation. We 
believe that there is a field for enterprise in 
taking up the typing of matter thus recorded. 
Information regarding tho dictating machine is 
given in page 1402. 

Business Methods. Little remains to bo 
said about the methods of business. Neat cir- 
culars, intimating the opening of an office, and 
indicating the scope of the work undertaken, 
ought, of course, to be issued to likely customers. 
If the office be in a large office building, good 
may be done by making regular morning calls 
upon every individual or firm iikelv to have 

*work. Accounts should be rendered whenever 
any work is done, or, if to regular customers, 
weekly. Work is often secured by advertising 
in literary papers. Authors’^ work is usually 
desirable, being straightforward and very often 
good batches. . , B. ROBERTSON 
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Monomial Factors. Factors by Orouping Terms. Use of Formulm 
Difference of Two Squares. Sum or Difference of Two Cubes* 


ALGEBRAIC FACTORS 


FACTORS 


63. We have already considered how the pro- 
duct of two or more algebraical expressions is 
formed. In simple cases wo can do the converse 
of this ; that is, when we are given the product 
we can find the factors which were multiplied 
together to make that product. This is called 
the resolution into factors of the product. 

54. Monomial Factora. When each 
term of an expression contains a common factor 
we can divide the . whole expression by that 
factor. 

Example 1. Every term of ‘Zr^-4x-4- 6x is 
divisible by 2x. 

Thus, 

2x3 _ + Or - 2x {x^ - 2x + 3). 

Example 2. 

34aV+ 51ttV= 17a2x3 (2^2 -f 3:(2). 


EXAMPLES 1 1 


Resolve into factors 

1. ar* -f- Cx. 5. 

2. ah -f- ac. 6. 

8. lla^bh-S3ahc^ 7. 

4. 3x* - 2x2'j/2 -f x‘\/. 8. 


9. 114tt^6c2 4' Hoabh'K 


ni/ - 20xjf. 

39x»/2;; 4- 

6ax^ 4- 4a^x - Sa*. 
G8-51;r’. 


55. Factora Found by Grouping the 
Terms. Many expressions can be resolved 
into factors by a suibible grouping of tlio terms. 
At jjresent we shall only notice the case where 
one of the letters involved always occurs in the 
same power. Generally, if we group together 
the terms which contain that letter, a factor of 
the expressitm becomes evident. 

Example 1 . Resolve into factors ab 4- 
-I- be 4- uc. 

Here, we notice that when a occurs in any 
term it is always of the Jirst degree. We 
therefore group t<jgether the terms w'hich con- 
tain «, thus {ah+ ac)-\- b'^+ be. We n jwtake 
out the factor a from the first two terms, and 
the factor h from the last two, obtaining a {b c) 
4 - 6 (6 4- c). It now becomes obvious that (6 4* c) 
is a factor of the whole expression. If, in fact, 
wo suppose for a moment that (h 4- c) has the 
value x, the expression would be ax 4- bx ; 
and this is of the s>imo form as the examples 
considered in Art. 54, so that its factors are 
X (tt 4- 6). That is, the given expression is equal 
to (6 4- c) (<14- 6). 

Hence, our working appears as follows, 
tt 6 4* 6 * 4- 6 c 4- ttc 
= a ( 64 - c) 4- 6.(6 4- c) 

= (6 4 - c) (a 4- 6 ) Am, 

Notice that the above is not the only way of 
grouping the terms. We should have found the 
lactorb just as eaaHy by grouping together the 


terms be and ac, since they contain c in the first 
degree only, and c occurs in no other term. 

Example 2. Resolve into factora 

4 . (6 4' c 4- d) 4- d (6 4- c). 

Here d f)nly occurs in the fi^st power. There- 
fore we have 

(ad 4- IkI 4- cd) 4- (a^ 4- a6 4- ac) 

— d (a 4- b 4 - c) -h a (a -h b + c) 

— (a 4- 6 4- c) (a 4- d) Ans, 

The first line of the above working is not 
really rieceswiry. The student should find no 
difficulty in at once writing the given expression 
in the form d (ci 4* 6 4- c) 4 - a (a 4- 6 4- c). 

Example 3. Resolve into factors a^b-c^-b^c 
— o V 4 1 . 

Given expression 

= a2c (62c-l)-(62c-]) 

[by taking together the fii-st 
and third terms. Note that in 
putting — b‘^c -I- 1 into brackets 
we change the signs (Art. 19) ; 
in reality we are baking out the 
factor - 1.] 

= (62c - 1) (a2c — 1) A )t.s. 

EXAMPLES 12 

Resolve into factoi-s 

1. x2 4 ax-4- bx 4- ab, 

2. fi62 4- 62 f- fj 4- 1 , 

3. nx^ - {a 4- 6) xy f by*, 

4. ac 4- be -ad - hd, 

5. xV-2x2 h 2i/-4, 

6. ax - 2by 4- 2frj/ - bx. 

7. x3 - ax^ 4- x-a, 

8 . ax - ayz 4- hex - hey':. 

9. x*+ 2x^(y^4- 22)4-' 4»/V. 

10. ary 4- 2a|/3 - ;3aar* — fia-. 

53. Factors by Comparison with 
Formulae. In Art. 31 and those immediately 
following we obtained several yetieral results in 
multiplication. If a given expression is of the 
same form as any of these results we can write 
down its factors by inspection. For example, 
in Art. 82, we showed that 

(x 4 a)2 = x2 4 - 2ax 4- aK 

If, then, we have an expression which con- 
sists of the square of one quantity jdus the 
square of another, together with twice the pro- 
duct of the two quantities, we know at once 
that the expression is equal to the square of the 
sum of the two quantities. 

Example 1. The expression x® 4- 4ax4- 4a2 
consists of the square of x, the square of 2a, 
and twice the product of x and 2q. It follows 
that the expression is the square of x 4- 2a. 
Thus, 

x2 4- 4ax 4- 4a* — (x 4- 2a)*. 
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Example 2. Resolve 4a^ - 12ab + 96* into 
factors. 

this case 4a* is the square of 2a, 96* is the 
square of (-36), and --12a6 is twice the pro- 
duct of 2a and ( - 36). Hence 4a* - 12a6 + 96* 
is the square of the sum of 2a and - 36, or 
4a* ^ 12a6 + 96* = (2a - 36)*. 

If the terms have a common factor, this factor 
must be removed first, as in Art. 54. 

Example 8. Resolve 12a*6* - 3a*6 — 12a6* 
into factors. 

Here, 3a6 is a factor of every term. There- 
fore we have 

12a*6* - 3tt*6 - 12a6* = .3o6 (4a6 ~ a* -- 46*) 

= - 3a6 (a’ - 4a6 + 46*) 
= -3a6 (a -26)*. 
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be negative, they must both be negative. 
Evidently, then, the quantities required are 
— 36 and - 46. Hence, 

a* - 7a6 + 126* = (a - 36) (a - 46) Ans, 

Note. If the product of the required quanti- 
ties is at all large, it is easier to find them if we 
first put the product into prime factors. We 
have then to separate these factors into two 
groups, and test whether the factors of these 
groups form the quantities we require. For 
example, suppose wo want two numhers whose 
product is 540 and whose ditlerence is 12. Put 
540 into its prime factoi-s, 2 . 2 . 3 . 3 . 3 . 6. 
Then, by repeated trials, we eventually find 
that 2.3.3 and 2.3.5 (i.c., 18 and 30) are 
the two numbei‘8 whose ditlerence is 12. 


EXAMPLES 13 

Resolve into factors 

1. a:* -j- 4a? + 4. 3. 25a* - 20a6 -f 46*. 

2. y* -0i/-f9. 4. -6a*-3a<-3. 

6. 4a?* 4- 8a?*i/ 4 4*/*. 

6. 2a*a?* 4- 2a*6* 4- 4a*6a?. 

7. (a? -f j/)* 4- «* 4- 22 (a? y), 

8. (a 4- 6)* - c (a 4- 6) 4- Jc*. 

57. In Art. 31 we found tliat 

(x 4- a) (a? 4- 6) ^ a?* -h (a -h b) x-h ah. 

From this it is evident that if such an ex- 
pression as a?* H- 5a? 4- 6 is the product of the two 
binomial factors a; 4- a, a? 4- 6, then a 4- 6 must 
equal 5 and ah must equal 6. That is, we have 
to find two numbei's whose sum is 5 and who.se 
product is 6. These are easily seen to be 2 
and 3. Hence, 

a:* 4- 5a? ^ (5 = (x 4- 2) (x 4- 3). 

Example 1. Find the factors <»f x* 4- 14a? 
4 24. 

Here we require two numbers whose sum is 
14 and whose product is 24. We examine, 
then, pairs of numbers whose product is 24, 
viz., 24 and 1, 12 and 2, and so on, until we 
find the pair whose sum is 14. Tlierefore, 

X* 4 14x 4 24 = (x 4 12) (x 4 2) Am, 

Example 2. Find the factors of x* - x - 30. 

We require two numbers whose sum is — 1 and 
whose product is -30. Since their product is 
minus 30, the nuipbers must be of opposite signs. 
Hence, their algebraical sum will be found by 
taking one number from the other and prefixing 
the sign of the greater of the two [Art. 14 ]. 
We have thus, in effect, to find two numbers 
whose product is 30 and whose difference is 1. 
Proceemng as in Ex. 1 we find the numbers are 
6 and 6. It is now easily seen that the numbers 
whose product is - 30 and sum is - 1 are 5 and 
- 6. tHence 

X* - X - 30 — (x 4 5) (x - 6) Am, 

Example 3. Find the factors of a* - 7a6 

+ 126 *. 

introduction of the letter 6 does not 
cause any fresh difiiculty. We have to find two 
quantities whose product is 126* and whose sum 
is— Since the product is to be positive, the 
two quantities must be either both positive or 
6aA;n^gative.r|‘Art. 21 ]. . Since their sum is to 


EXAMPLES 14 


Resolve into factors 

1. x*4 3x4 2. 

2. 'i/^-8»/4 15. 
.8. x*-3x-28. 

4. a* 4 14a — 51. 
6. 1/2 -y- 240. 

6. x*- '25x-150. 


7. 'vM- 51»/4 50. 

8 . a*-17a6 4 426*. 

9. x*-xj/-l82i/". 

10. X*- 27x1/4 i7fiy*. 

11. 2x*4 24x1/ -902/*. 

12. 3a*-6a6-5046* 


58. In the la.st article the higliest power in 
the expression t^^be factorised had unity for it.s 
coefficient. We iiavo now to consider the case 
in which the coefficient is not unity. Suppose 
we form the product of the two binomials 
2x-3 and 3x-4. Multiplying both terms of 
the first by each term of the second, we obtain 
(2x - .3) (3x - 4) = 0.i?2 - 9.r - 8x 4 12 
.= Ox* -17a? 4 12. 


Now, in the converse operation, wo are given 
the expression Ox*- 17a? + 12 and have to get 
back to the factors 2x - 3 and 3x — 4. 3'his 
would be very simple if we knev) that the. term 
-17a? had been obtained from - 9x atid - 8x, 
and not from any othe:‘ pair of terms, such a.s 
- 20x and 4 3x. Our first aim, then, must be 
to find these two numbers 9 and 8. This is 
easily done if we notice that their product, 72, 
is the same as the product of the other two co- 
efficients, 0 and 12, in the expression 0x*-17x 
4 12 ; for we have only to find two numbeis 
whose product is 72 and whose sum is 17. 

Hence, to factorise the expression fix ‘-17a? 
4 12, the sign of the third term being 4, we 

(i.) .Multiply the first and last coefficients, 
6 and 12, obtaining 72. 

(ii.) Find two numbers whose product is 72 
and whose sum (since the sign of the 
third term is 4 ) is 17. These are 
easily seen to be 9 and 8. 

(iii.) Separate the term -17a? into the two 
terms - 9x and - 8x, thus obtaining 
6x*-9x-8x4 12. 

We can now take a common factor 3x from 
the first two terms, and a common factor -4 
from the last two ; and the i^est of the process 
is like that of Art. 55. TJius 

6x*-17a?4 12== fix -9x-8x4 12 

= .3x(2x-3)-4 (2x-3) 
«(2a?-3)(3«-4). 
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59. Again, we have 

{2x - 3) (3a; + 4) = 6a;- ~ 9a? -f 8a? - 12 
= 6a;3 - a? *- 12. 

and, exactly as before, the chief point is to 
find that — x was obtained from - 9a; 4- 8a;. 
Now, since these tw'o terms are of opposite 
sign, they are conibincd by suhtvactimj the 
absolute values of their coefiicients. 

Hence, to factorise the expression 6a;®- a; - 12, 
the 8ign of the third term being- ^ we 

(i.) Multiply the first and last coefficients, 
6 and 12, obtaining 72. 

(ii.) Find two number.s whoso product is 72 
and whose difference (since the sign of 
the third term is - ) is 1, the coefficient 
of X, The two numbers are 9 and 8. 

(iii.) Since the middle term of tlie given 
expression is minus^ we put the sign 
- before the greater of tlie two 
numbers, thus separating the middle 
term into the two teims-fia; and+ 8a;. 
The rest of the process is the same as 
before. 

6a;- - a; - 12 — r».r ’ - 9 j; h 8a; - 12 

== 3a* (2a; -3) 4- 4 (2a? -3) 

— (2a; -3) (3a; 4 4). 

Example 1. Find the factors of lOa;*^ 4 37a;4 7. 

Here, we require two numbers whose {n*oduct 
is 10 X 7, or 70, and who.se sum (since the sign 
of the third term is 4 ) is 37. The.se are easily 
seen to be 2 and 35. Therefore 

10a?- 4 37a; 4 7-= lOa;^ 4 2.r 4 35a; f 7 

= 2a; (5a; 4 1)4-7 (5a; 4 1). 

(5a; 4 1) (2a; 4 7). 

Example 2. Find the faclois of 4a;- 4 3a;y 
-27]/®. 

Wo require two numbers wdio.se product is 
4 X 27, and whose difference (since the sign of 
the third t erm is - ) is 3. ddiese are found to 
be 12 and 9. [See Note, Art. 57.] The middle 
term is plus .3a;j/, so we take 4 12a;j/ and - 9a;y. 
Thus, 

4a;® + 3a;j/ - == 4a;- i2xg - 9a;y ~ 27y®. 

= 4a- (a; f 3ij) - 9?/ {x 4 3]/) 

- (a; f 3y) (4a; -9y). 

EXAMPLES 15 

Put into factors 

1. 2a;® - 5a; 4 2. 5. 1 32a;® - 13a; - 2. 

2. 6a;® 4 19a; 4 15. 6. 9a?® 4 142a? -32. 

8. 24a?® - 5a;»/ - 4y®. 7. 17a;®-^8a;y 4 15^® 

4. 2iJa;2 4 Sixg 1 4i/, 8. 1 2ar* - 28a?® 4 8a?. 

9. IlOa;*// 4 58a;®i/® - 24a;y®. 

10. 8a?® -34a; 4 8. 

60. In Article 33 it was proved that 

a:® - a® = (a? 4 a (a; - <i). 

Thus, if an expression can be written as the 
diffeience of the squares of two quantities, its 
factors consist of the sum of the two quantities 
and the difference of the two quantities. 

Example 1. Find the factors of 16a?® -25y®. 

The expression is the diffeience of the squares 
of 4a? and 6^. Hence 

16a;®-25y®~ (4a? 4 hy) (4a; -5y). 

Example 2. Put into factois Sx^ - 2xy. 

- 2xy = 2a;y (4a;® - 1) 

» 2:ry.{(2a?)®-(l)®} 

; ; S 2xy (2a? + 1) (2a;- 1). 


Example 8. Put into factors (Sa? + ^ - a)® 
.-(ic-y4a)®. 

Given expression 

= {(3a; 4 y - s) 4 (a? - y 4 «)} {(3a? 4 y - a) 
-(a;-]/4 z)} 

= (3a;4y-a4a?-?/4a)(3a?4y-a;-a?4y-a) 

= 4x (2a; 4 2y-2z) 

= 8a; (a; 4 y - z). 

In some cases a slight modification is necessary 
before the tw'o squares become evident. 

Example 4. Find the factors of a;*-21a;®y® 
4 4y^. 

Here, a;* is the square of a;® and 4y^ is the 
8(|uare of 2y®. Also, if we square the expression 
(a;® 4 2?/®) wo obtain a?* 4 4a;®y®4 4y^. Now, to 
make this identical wdth the given expression 
we must subtract 25.i;®y®. Hence, 

a?* - 21a?®y® 4 4y'* = (a;® 4 2y®)® — 26a;®y® 

= {(*= + 2j/*) + (6®y)} {(*“ 

+ 2y')-(^xy)} 

= (a;® 4 hxy 4 2y®) (a;® - hxy 
4 2y®). 

Example 5. Resolve into factois 4a;^-28a;’ 
4 9. 

If, in this case, w'c bike (2a?® 4 3)® we obtain 
4a;* 4 12a;® 4 9, and have to subtract 12a;® 4 28a;®, 
i.e., 40a;®, to make it equal to the given, ex- 
pression. But 40a?® is not a perfect square, so 
that this transformation does not help us. If, 
how'cver, we try (2a;® -3)®, we still ootain 4a;* 
and 4 9, but the sign of the 12a;® becomes minus, 
and we liave then to subtract 16a?®, which is a 
pel feet square. Hence, 

4a;* - 28a;® 4 9 - (2a;2 - 3) * - 16a;® 

(2a;2 4 4a?-3) (2x2-4a;-3). 

EXAMPLES 16 

Re.solve into factors 

1. a;® -121. 4. a®52-49. 

2. a® -165®. 5. 36 -a;®?/®. 

3. l-25y®. 6 . 32a;2-i8y*. 

7. (2a: .4 5y)® -(a;-3?/)®. 

8 . ((/, 4 2hf-\a-2hf. 

9. 9 (a 4 6)2 - (a - hY. 

10. a* — 6a® 4 25. 11. a;* — 40a:®y® 4 4y*. 

12. y*-6y®4 1. 

61. By multiplication wo find that 

(a; 4 a) (x- - ax 4 a®) = a;® 4 a® 

and that 

(a; - a) (a;® 4 aa; 4 a®) = a;® - a®. 

These formulm enable us to factorise ex- 
pressions which are either the sum or the 
difference of two cubes. 

Example 1. Resolve into factors 8a® 4 275®. 

This is the .sum of the cubes of 2a and 36. 
The expression is therefore divisible by the sum 
of 2a and 36. The terms of Uie other factor 
are the square of 2a, the square of 36, and the 
product of 2a and 36, the product term being 
negative. Thus 

8a® 4 276® = (2a 4 36) (4a® - 6a6 4 96®). 

g 

Example 2. Resolve into factors "27*®-^. 

-This is the difference of the cubes of 3* and 
^ and is therefore divisible by the differenice 
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of 3* and — . The other factor is formed in the 

• X 

same, way as before, but the product term is 
positive. Hence, 


27^ (»^+6+|). 


EXAMPLES 17 


Resolve into factors 

1. a* 4 1256®. 

2. 27a^-m\ 

8. 

7. {a - 26)® - (6 

8 

* ;f43 ar®’ 


4. 2a:® 4 IfiicV. 

5. (a 4 26)® -a®. 
(4 


6. 8(t® - 


2rt)®. 


6 ®’ 




62. By division, Art. 42, we proved that 
a® 4 6® 4 c® ~ 3a6c = (a 4 6 4 c) 

(a® 4 6® 4 c® — 6r — ca — ab). 

Therefore, when an expression consists of the 
sum of the cubes of three quantities diminished 
by three times their prodiicl:, it can be resolved 
into, factors by meiins of this formula. 

Example. Resolve 8a:® - y® 4 Oa:// 4 1 into 
factors. 

Here 8a:® is the cube of 2a:, — y® is the cube of 
- y, 1 is the cube of 1. Also, 3 times the pro- 
duct of 2a:, - y, and 1 is - 6a:y. Therefore, 

8a:® - y® 4 ^xy 4 1 
= (2a:)®4(-y)®4l®-3(2a:)(-y). 

= (2a: - y 4 1) (4a:® 4 y® 4 1 4 y - 2a: 4 2a:y). 


Answers to Algebra 

Examples 8 

1. a:=5, y=3. 4. a:=3ji, y— J. 

2. a:=3, y= -4. 5. a:--y ~5. 

8 . a: -=3, y=2. 6 . x—4, y-- 8 . 

7. Since 25 + 4a; H- 5y -- 60. 

And since ^ - *1= 1 , we have 4a? - 3y = 12 
Hence, a;=7J, y ~ 6 . 

8 . Multiply first equatioi by 10, giving i>a: 
— 6y - 6a: 4 y — 6,* or x 44y— — 5. Multiply 
second equation by 6, 2a:-3y— 12. Hence, 

yaa — 2. 

9. Solve for ^ and - obtaining ^ 

X y * a; 


== -1. So that x=2, y= -1, 


10. Solve for x and j • Solution is a? = 4, 


y^l. 


11. a:=y=a'- 6. 12. a:-^a, y— 6. 

18.:, Ad<^ihe three equations together, 2a: 42y 
+2*'s=s20. Therefore, a:4y4*=10. Subtract 
each equation in turn from this, and we obtain 
a:^ 3 , yirsg, 2=2. 

14. ajsa ~ 3 , y=l, a:«3. 


15. Add hrst two equations, giving ^ = 4. 
Hence, x—\. Substitute in second and third 
equations, and wo get ^ ^ — -2, and ^ 4 - 

y ^ y 2 

= 10. Whence y=J, 2=^ J. 

Examples 9 


1 . Let X = greater number. Then, since their 
difference is 7, the le^s number is a; - 7. There- 
fore a; 4 a: - 7 = 63, so that x = 35. Hence the 
required numbers are 35 and 28. 

2. Let a;= the number. W hen multiplied by 
3, the product exceeds 18 by 3a:- 18. Also, the 
original number is less than 18 by 18 - x. 
Hence 3x - 18 -= 18 - a:, which gives x = 9. 

3. Let X = the greater jMU’t. Then 39 - a: 
= the less. Twice the greater is 2a:, and three 
times the less is 3 (39 -a:). Hence 2a: 4 2 
= 3 (39 - a:), so that x ~ 23. The two parts are 
therefore 23 and 16. 

4 Let X = the third part. Then, the second 
part is 3 more than thrice a:, i.e., 3a; 4 3= the 
second jjart. The first part == twice the second 
= 6a; 4*6. The sum of the three i)art8 is 69, so 
that a; 4 3a; 4 3 H^6a: 4 6 ~ f>9 ; whence x -- 6. 
Thus, the third part is 6 ; the second part is 
3x 4 3, or 21 ; and the first part is twice 21, 
or 42. 

5. Let 2a; = the number. Then, one more 
than its double is 4a: 4 1, and one less than its 
half is a; - 1. Its square is 4a:®. Hence (4a; 4 1) 
(a: - 1) = 4a:® - 10. Therefore 4a:® - 3a: - 1 = 4x® 
- 10, or 3a: = 9, and a: = 3. The required 
number is twice a;, /.<?., 6. 

6. Let X ytiars — the son’s present age. Then 
3x years = the father’s age. In 12 years the 
father will be 3a: 4 12, and the son will be 
X 4 12. Hence 3a: 4 12 = 2 (a; 4 12), which 
gives X -- 12. Therefore the son’s age is 12 
years, and the father’s is 36. 

7. Let X years ~ ago of eldest. Then a: -5 
— age of second, and a: - 5 - 3, or a: - 8 = age of 
youngest. Therefore a: 4 a; - 5 4 a: - 8 = 47, 
whence x = 20. Rc<iuired ages are 20 years, 15 
years, 12 years. 

8. Let X pounds — amount A has. Then, 
since A and H have £39 between them, 39 - a; 
= number of pounds B has. Similarly, since A 
and 0 have £31 between them, 31-a;= number 
of |)ounds 0 has. But B and C together have 
£26. Therefore 39 - x 4 31 - a; -- 26, whence 
X = 22. Thus, A has £22, B has £17, and C 
has £9. 

9. Let x= number of crowns. Then 81 -x 
= number of shillings. The total value in six- 
pences = lOx 4 2 (81 - x). Again, the value in 
sixpences of x florins and (81 -x) half-crowns 
= 4x4 5 (81 - x). Therefore. 10x4 2 (81 -x) 
= 4x4 5 (81 -x), whence x= 27. Thus, there 
are 27 crowns and 54 shillings. 

10. Let X = cost of an orange, in pence. 
Twelve oranges cost 12x pence, i.e,, (12x-J0) 

ovf»r HVl SimilnWv, 20 oranges cof.t 
(30 - 20x) pence under half-a-crown. Therefore 
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12ar--10= oO- 20 a\ Hence a?s= H. Since an 
orange costs l^d., the number which can be 
bought for 5s. is 5s. •+• 1^., i e , 48. 

11. Since 4 sides of the one carpet measure 

16 feet more than 4 sides of the other, the side 
of the first is 4 feet longer than the side of the 
second. Therefore if x foot = side of smaller 
carpet, then a: + 4 = side of the other. Their 
areas will bo square feet and {x 4-4)2 gquare 
feet. Hence (x 4- 4)^ - =:= 64 ; which gives 

ar = 6. The sides of the two carpets are 6 feet 
and 10 feet. 

12. Let X = number of sovereigns. Tlieii l^x 
s=s number of half-crowns, and 26 - a? - 8.r, or 
26 - 4a; = number of shillings. Tlio totfil value 
is £6. Hence, expressing eveiy thing in six- 
pences, we have 40a; -f 15a; 4- 2 (26 - 4a;) = 240, 
whence a; = 4. Thus, there are 4 sovereigns, 12 
half-crowns, and 10 shillings. 

13. Lot a;= number of shillings A has. If 
he gives B ten shillings, A has (a; - 10) shillings 
left. This is three times as much as B now has, 

, 10 

?.e., B now has — - — shillings. Therefore B 

O 

originally had lOs. less than this, i.c., 

- 10. If, then, B gave A five shillings, 

A would have (x 4 - 5) shillings and B would 
have - 10 - 5. Therefore, since this 

makes A have 4 times as much as B, a: 4 5 = 4 

Multiply by 3, and remove 

brackets, 3a; 4- 15 — 4a; - 40 - 180, so that 
a;= 235, Thus A has 235s , or £11 15s., and 

B has ***^^™-— - 10 = 65.S. = £3 5s. 

- t> 

14. Lot X = the middle number. The nu i ber 
before a; is a; - 1, and the number following x is 
a? -4 1. The product of these three is to be 5 
less than the cube of x. Hence a; (a; - 1) (a; 4- 1) 
= a;^ - 5, or - a; — a;^ - 6. Therefore a; ^ 5, 
and the required numbers are 4, 5, 0. 

15. The number is increased by reversing the 
digits, therefore the units’ digit is the greater. 
Hence, lot x= the tens’ digit. Then 3a;— the 
units’ digit, and tlie number is 10a; H* 3a:, or 13a;. 
If the digits be reversed the number is 30a; -4- a?, - 
or 31a;. 'Therefore 31a:- 26a; = 10. Tiius x = 2, 
and the required number is 13x2, or 26. 

Examples 10 

1. Let a;=! the gmiter number, and y— the 

less. Then a? 4- 2 = 5 (a; - y) and 3a; - 4// = 7. 

The solution of these equations gives a; = 17 
and y = 11. 

2. Let X years =: the father’s age ; y = the 
son’s. In another year the father will be 
(a? 4- 1) years and the son (y + 1) years. There- 
fore a? -f 1 = 4 (y 4- 1). Two years ago the 
father was x-2\ in another 3 years the son 
will be y -H 3. Therefore a? - 2 = 3 (y -f 3). 
From these two equations we get a;, the father’s 
age, s 35 years, and y, the son’s, g years. 

Zif Let X ~ the di^t in the tens’ ^ce, and 
y th# digit in the units’ place. Then the 


number is 10a; -by. This exceeds 5 . times the 
gum of the di^ts by 7. Hence lOa^H-yir ?— 
b (x 4- y). Again, lOy- x is the number formed 
by' reversing the digits, and this is 9 less than 
the original number. Hence (10a;4- y) - (IQy 
4- a;) = 9. From these we get a; = 3, y = 2, so 
that the required number is 32. 

4 . Let £x = amount A has. Then 2x 
— amount C has, Let £y = amount D has. 
Then liy -- amount B has. Total is £100, so 
that a; 4- 2a; 4* y 4- 3y — 100, i.e., 3a; 4- 4y= 100. 
Again, C and D together liave 2a; b y. This is 
£2J more than B. Hence 2x 4- y - 3y -b 2 or 
4a? - 4y = 5. Solving the equations, we get 
a; = 15, y = l.?f. Thus A has £15, B lias 
3 X £13J, or £41 5s., C has £20, and D has 
£13 15s. 

5. Lot X years = elder schi’s age, y yeara 
= youuger’s age. In 2 years the elder will bo 
a; 4 - 2. Therefore the father will then be 
3 (a; -b 2). Similarly, the younger will be y 4- 2, 
and the father will therefore bo 5 (y 4 - 2). 
Hence 3 (a? 4 - 2) == 5 (y 4- 2), or 3a; - 5y = 4. 
Again, since in 2 years’ time the father will be 
3 (x 4“ 2), his present age is 3 (a; 4- 2) - 2, or 3a; 
4- 4. Therefore, since in 23 years his age equals 
the sum of his sons’ ages, w^e have 3a; 4- 4 4- 23 
= a; 4 - 23 4 - y 4 - 23, or 2a; - y = 19. Solving the 
two ix^uations, w^egot a;= 13, y = 7. Thus, the 
father’s present age is 3a; 4- 4, t.e., 43 years, the 
elder son is 13, and the younger 7. 

6 . Lot X = number of miles A walks per 
hour, and y = number B walks per hour. In 8 
hours A walks 8a; miles, and in 5 hours B walks 
5y miles. Therefore 8a; - 5y 8. Again, in 
9 hours B walks 9y miles^ and in 10 hours A 
walks lOar miles. Therefore* 9j/ - lOx 1, 
whence x = 3J, y — 4, and the required rates 
are A, 3| miles per hour ; B, 4 miles per hour. 

7. Let X— number of shillings in the amount 
A has, and y = number of shillings in the 
amount B has. , Therefore a; 4- y ~ 21. Now 
B has 12y pence. If, then, A gives B 12y 
.shillings, B will then have y 4- 12y, or 13y 
shillings ; A will have a? - 12y shillings. Hence 
13y - (a; - 12y ) == 5, or 25y - a; '= 5. These equa- 
tions give, by addition, y = 1. Therefore B has 
Is. , and, consequently, A has 20s. 

8 . Let X number of miles A goes per hour, 
and y = number B goes. To go 60 miles A w ill 

take 5? hours, and B will take — . Hence 

X 


5? - ^ — 5. Again, if A’s rate had been 2x 
X y 

miles per hour, he would take £e., ^ hours 

2a; a; 

to go 60 miles. Hence ^ ^ =s 5. Adding 
y X 
30 

these equations, we get ^ » 10. Therefore 


60 

a? a= 3 miles per hour. By substitution 15, 
or y =3 4 miles per hour. 
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fflWUP l-SUCCESS * THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 23 

The Influence of Companions In Inducing Slackness 
or in Stimulating Effort and Ennobling Character 

THE CHOICE OF COMPANIONS 


The importance of a wise choice of com- 
* panions may be inferred from the fact 
that every book or article offering advice 
to young people contains a chapter or a 
paragraph on the subject. And no wonder 
it is so ; for if all the men who have attained 
success could be questioned respecting the 
influences which have helped them, a 
majority, probably, would give a high 
place to the companionships they joined at 
one or other stage in their career. As for 
the failures, rightly or wrongly, five-sixths 
of them wpuld make bad companionships 
an excuse for their degeneracy. It may 
be that on each side, good and bad. the 
influence of companionship is somewhat 
over-stated, for what we become, whether 
it is favourable or unfavourable, depends, 
as a rule, primarily, on inherent powers 
and tendencies, which companionships, 
and other surroundings and opportunities, 
can only retard or develop. But such 
familiar influences, though secondary, are 
still very potent, and fully warrant the 
attention they receive. 

So far as bad companionship is con- 
cerned, it may be passed by here with the 
barest reference, since the presumption is 
that anyone who has sense enough to be a 
student of such a publication as the Self- 
Educator will also have sense enough to 
see the folly of association with people 
who are vicious, gross, or lacking in 
ideality. It is only against more insidious 
temptations towards the rocks that the 
warning cone needs be raised. 

Perhaps, however, one phase of bad 
companionship may be mentioned with 
advantage. Someone may ask whether it 
is not well that every man should have 
knowledge, by personal observation, of the 
darker and rougher features of life and 
character. Take two groups of workers 
as instances — the average sailor and the 
average navvy. Nowhere is the mixture 
of manliness with coarseness seen more 
strongly than in these fine fellows. A firm 
sense of duty and a splendid capacity for 
heroism often combine in them with a 
roughness that borders on vice, and easily 
merges into it. Their acts may shine with 


the glow of chivalry when they are tested 
to the uttermost, though much of their 
ordinary talk is outside the pale of decency. 
Nobody understands better than they the 
full quality of manliness. 

And the same curious contrasts may be 
found up and down the whole scale of the 
world's rough workers. Should we not 
know such men, and indeed all men ? 
Ought we not to observe personally what 
is called life " ? The reply is “ Yes ; we 
should observe it when we are able to 
judge it impersonally and unharmed, but 
we can never know it through bad com- 
panionship." Whether a knowledge of 
‘‘ life " soils us, or strengthens us in wisdom 
and human tenderness, depends on the 
spirit in which we approach it ; and, 
invariably, seeing it through bad com- 
panionship is seeing it in the manner that 
soils the soul. 

Turning from the companionships that 
issue their own warnings because they are 
gross, we find ourselves among those which 
are dangerous because they are more 
insidious and give forth no warnings, but. 
indeed, appeal to the side of our nature 
that is weak rather than wicked. 

There is, for example, the beckoning 
playful influence which leads us pleasantly 
down the gentle slope of recreation into 
the Valley of Ease. It is so self-complimen- 
tary to think wc are hard worked and 
require more leisure, and that we are being 
really virtuous when we plan, with agree- 
able companions, delightful methods of 
spending our time. Within reasonable 
limits, of course, this relaxation is wise, 
but what is needed from us normally is 
resolute, strong endeavour that will estab- 
lish us in our right place in the world; 
and the companions are enemies who 
would lead us forth into the forgetfulness 
of Lotus-land, where lazy enjoyment lulls 
strenuous Duty into a fitful sleep. 

Companionship plays much the same 
part in life as is played by our fellow- 
travellers when we go wayfaring on a 
holiday. We know then that much of 
the success of the adventure will depend 
on a right choice of our company. If its 
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numbers be small — only three or four^—one 
who is a hindrance may spoil the journey ; 
and if it be large, a few jarring natures will 
seriously mar the enjoyment -of all. The close 
and continuous association brings out good and 
bad qualities that before were only latent, and 
not fully realised. So clearly is this the case 
that perhaps the first consideration in planning 
a wandering holiday is the choosing of the 
company. Very similar is the ^ect of companion- 
ahips in our ordinary life. Consent association 
acting over long periods of time will have great 
effects on us in the aggregate, as the seemingly 
small influences of wind and rain produce on 
the earth’s surface greater dislocations and 
changes than the mightiest cataclysms. 

It is well that, in youth particularly, we 
should form a general scheme for our life, 
fixing some goal towards which we are going, 
and cherishing an ambition we mean to fulfil. 
Whether we pursue our original intention to its 
end, or are deflected aside to some better goal 
as life opens out before us, the definite course 
for the time being will have had manifest 
advantages. Ope of them will have been that 
it enabled us to choose our companions the 
more suitably. We shall probably have consorted 
with those who are going the same way as 
ourselves, in pursuit of the same ambitions, 
and whose association with us will be a stimulus, 
or an even more positive assistance, as they 
will bring experience to supplement our own. 

Should Friends be allKe or not ? 
This introduces the important question 
whether companions with similar interests to 
ours should be chosen. Is it well to consort 
largely with those who are preparing for, or 
belong to, the same calling, profession, or life- 
work ? The question may be argued with 
plausibility either way. It may be pointed out 
that the gathering together of men to talk 
’* shop ” incessantly is one of the most narrowing 
add deadening of experiences. 

On the other hand, much may be said for 
the young who are preparing for a definite 
round of skilled work giving their professional 
zeal its head, and seeking together to master 
the principles of their life’s work even in their 
spare hours. They have not worn their interest 
threadbare through routine ; and if they do not 
welcome opportunities of gaining further know- 
ledge through wcll-chosen companionship it is 
probable that their devotion to their studies 
IS less concentrated than it should be. 

Besides, in nearly every walk in life there are 
substantial interests to be served by men in 
similar callings banding themselves into com- 
panionships to some extent. Thus they find a 
natural sympathy with inevitable difficulties 
whiob uninitiated outsiders will be slow to give. 

The common sense of a choice in companion- 
ships seems to be to accept within reasonable 
measure those which are helpful in our life’s 
work, or in the furtherance of ideas which 
appear to us worthy of public acceptance, but 
to halt at the point where such companionships 
force uerJntQ a groove, or narrow our outlook 


and our power of mving a fair, summai^ 
ment. To take refuge, in our hours off duty, 
as far as possible, from our busine^ interests, 
to ostracise our professional associations, may . 
be defended on the ground of a need for change, 
but it is much more likely to be due to a sub- 
terranean wish to appear other than wo are. 

The great need for companionship, whether 
with those whose routine interests are similar 
to our own, or with men whose interests are 
dissimilar to ours and will introduce variety ' 
into our thoughts, is that there should be 
stimulation, attrition, refreshment, a bracing 
effect in our intercourse, and that it should 
surround us with an atmosphere that rouses 
our latent energies and gives zest to our lives. 
There may be a few who are so highly strung 
that they need so])orific companionships as an 
antidote, but they are sufficiently rare to be 
disregarded. It is mental and moral enlivening 
that most of us need . 

The Easy Path to Degeneration. 
Companionships mass themselves, in the 
main, into two groups, which, judged by their 
effects, either cause us to be alert, keen, bright, 
with a development of our best powers, ’ or 
slack, drifting, pleasure-loving, and inclined to 
follow our easiest inclinations along the lines 
of least resistance. Wo may see these tendencies 
at work, in their simplest forms, on any day of 
relaxation — on Sundays, holidays, on the 
evening hours of rest — when knots of young 
])eoplo stroll forth or “ hang about ” in open 
])laces, along country lanes, or beside the 
churchyard wall of the village. There is the 
group that is passing its time in company 
with no better impulse than sheer animal 
gregariousness — a liking for being together. 
It is thoughtless, shallow, perhaps noisy, pitiable 
in its inanity, ready to welcome the coarse jest 
that leaves a moral sore, dominated probably 
by the least sensitive nature present, not only 
unideal and unhelpful, but incipiently low if 
not vicious. It is repeated in the half-rowdy 
parades of our city streets. It reappears in 
older companies in the evening circle of the bar- 
parlour, or the so-called genial corner of the 
club smoke-room ; and, wherever it appears, 
it helps no human being towards making himself 
more fit for doing a man’s work in the world, 
but dissipates bis mental and moral strength. 

Companionship that Stimulatm. But, 
in contrast, there are the small groups of 
assorted companies one sees in all the reputable 
resorts of men, who obviously' are together for 
“ mutual improvement,” as the old phrase 
not inaptly runs — the men who walk afield for 
physical recreation, but have some further 
aim by the way, such as intelligent observation, 
or conversation, or scientific study, or apprecia- 
tion of natural beauty, and at the journey’s 
end arrive at a place that tells a story it is well 
to know. There ore the men who deliberately 
use part of their leisure in the company of 
others like-minded with themselves that they 
may advance themselves in speoifio knowledge, 
or by the clash of wits, secure fleftness.in aigu- 



mont, or a surer hold of their half-formed 
thoughts. It does not follow that these men 
witlL aims will be contentious or pragmatical ; 
the Knowledge that is gained in company is 
not likely to be the knowledge that “puffeth 
up/* for undue self-esteem is likely to bo deflated 
where other minds are busy also. Companionship 
that is healthily vigorous has the same effect as 
the best kind of school life — ^it puts a man on 
his mottle and brings him to his true level. 

It should not bo forgotten, however, that 
under many circumstances it is not in our 
power to choose our companions so as only to 
consort with those whose effect on us is likely 
to bo helpful. That is whore many of the moral 
maxims on the subject show a lack of breadth. 
It is all very well to say, “ Tell me with whom 
thou goest, and I will tell thee what thou doest.” 
That is true enough as far as deliberate choice 
of comrades will take us, but what of the en- 
forced companionships of business life with 
those whose tone of mind should be a warning 
rather than an attraction ? We need to have a 
thoughtful view of our association with others 
that will bo a defence against what is deleterious 
yet cannot be avoided. The jostle of practical 
life brings together people of all ages, often of 
both sexes, with a wide range of moral sensitive- 
ness, or insensitivonoss ; and there may bo as 
much need for knowing how to repel the in- 
fluences of unfavourable companionship which 
cannot bo eluded as for knowing how to receive 
and use to advantage the influences of the men 
and women whose proximity ennobles life. 

Companionships of Working Life. 
It may be said that wo are enlarging the 
idea of companionship when wo make it include 
the involuntary association of people together 
in workshops and offices, but the <iaily and 
hourly contact of people In the course of 
duty has all the moulding effects of a companion- 
ship, unless we thoughtfully steel ourselves 
against what we feel is not admirable in the 
methods and manners of others, and r(*cogniso 
for imitation whatever has the ring of truth, 
uprightness, and courtesy. The power to use 
the enforced companionship of our working 
circle of men and women so as to lead towards 
the ultimate end of Success depends on our 
ability to choose constantly between the good 
and the bod, allowing the bad to pass us by as 
“ the idle^ wind which we respect not,” and 
^giving quick response to what is good. It is 
the pufe in heart who pass unharmed through 
the world’s conflicting companionships. 

A word may bo said about the ill-effects of 
constant companionship, or want of companion- 
ship, with inferiors, or those who through the 
needs of organisation and discipline pass as 
inferiors. From the sergeant drilling his awkward 
squad, the foreman carrying out his firm’s 
rules, the schoolmaster incessantly accom- 
modating his thoughts to the receptivity of 
immature minds, up to the tyrant who arrogates 
to himself a position high above all forms of 
companionship, the effects on the mind of one 
who deals constantly with inferiority, either 
^al or assumed, must be unfortunate. And this 
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may be seen in the choice of private companions. 
The man who chooses companiens among 
whom he may shine is acting foolishly — possibly 
on their account, but certainly on his own. 

Much might be written about companionships 
between the opposite sexes, but 1h) most 
judicious will insist most strongly that doubled 
safeguards are necessary wherever sox compli- 
cates the question of close and constant asso- 
ciation. The more formal all companionships 
between the sexes a?e kept, the bet ter. Somebody 
has said that friendship is a wide portal through 
which Love easily enters unawares. That is so 
true that nobody can be sure, whatever circum- 
spection may be shown on one side in keeping 
mixed companionships on an even keel, that 
the other side will be equally undisturbed. 

Friendship between Young and Old. 

An interesting phase of companionship is its 
relationship to age. How far can the young 
and the old be companions with good effects ? 
Of course, the young will companion with the 
young, inevitably and beneficially, but are 
those who are much older also eligible and 
desirable companions ? The sound reply to that 
seems to be that it depends on whether those 
who are older — whatever their ago may be — 
have retained ^ieir full sympathy with youth. 
If they have been young in their youth, have 
kept their joy in simplicity, and live again 
their life in the youth of otffifrs, they may 
be the best of additional companions to those 
who are still young, and wield over them an 
enormous influence that is wholly good. Our 
hist suggestion is that companionship prepares 
for Success, inasmuch as it gives exercise in 
the intimate management of men. Unless 
a man has the power of knowing and managing 
men, the fields of Success open to him are 
severely limited. may engage in individ- 
ual scientific research ; he may be the poet of his 
own egotism. But there is not much else open 
to him, except at a disadvantage. The recluse 
is instinctively distrusted as being odd ; and the 
probability is that he is odd, because ho has 
not the ordinary knack of accommodating 
himself and his interests to the m(K)ds and 
points of view of other men, owing to his failure 
to mix with them easily on a common level. 

Aids in the Management of Men. 

That valuable working knowledge of men 
is learned instinctively by the average man in 
the pleasant and easy ways of companionship. 
Companions learn how to “ get on ” together, 
to understand each other's points of view, to 
engineer little personal adaptations, to take 
and give criticism, to chaff and be chaffed, and 
in a thousand such ways know each other, and 
know mankind ; and so companionship is an 
informal school for the management of men to 
which the lonely and shy and proud never go. 
The successful man has usually come through 
from the ranks, and by the way has been a 
man among men. but ho was first regimented 
among his companions. There, unawares, he 
began his life-drill in human character. 

JOHN DERRY 



GROUP 2-aEOGRAPHY AND TRAVEL * A SURVEY OF THE EARTH-CHAPTER 2^3 

Physical Features, Climate and Vegetation. The Yellow- 
stone Park and the Great Plains. Occupations and Races. 

NORTH AMERICA 


A merica, or the New World, consists of two 
great peninsulas — North America (8,000,000 
sq. miles) and South Amenoa (7,0()0,000 sq. 
miles), united by the long, narrow* isthmus of 
Central America, which is now pierced by the 
construction of the Panama Canal. 

At the Isthmus of Tehuantepec, which may bo 
taken as the southern limit of North America, the 
distanco across is 130 miles. Rather less than 
4,000 miles due north is Cape Murchison, the 
most northerly point of the mainland. The 
maximum breadth of the continent is about the 
same. The whole of the north, except Alaska, is 
British, forming the self-governing colonies of 
Canada and Newfoundland. South of Canada is 
the Republic of the United States, to which 
belongs Alaska. South of the United States 
is the Republic of Mexico. 

Oceana, Seaa, and Gulfs. The northern 
shores arc washed by the Arctic Ocean, the 
wcsU3rn by the Pacific, and the eastern by the 
Atlantic. An archipelago of islands stretches 
across the Arctic Ocean north tow^ards the Pole, 
and east towards Greenland, which is separated 
by Baffin Bay from the North American main- 
land. In the extreme north-west, America is less 
than 40 miles distant from Asia across Behring 
Strait. The Aleutian Islands, off Alaska, con- 
tinue the island fringe of Eastern Asia. 

The coast of North America is much indented. 
On the Atlantic coast, which has marginal low- 
lands, are (1) Hudson Bay ; (2) the Gulf of the 
St. Lawrence, entered north or south of the 
island of Newfoundland, and leading to the 
great lakes of Ontario, Erie, Huron, Slichigan, 
and Superior ; (3) the Gulf of Mexico. The 
latter, with the Caribbean Sea, which is almost 
cut off by the island of Cuba, is sometimes called 
the American Mediterranean. The islands which 
define its eastern limits are the West Indies. 
Let us look out all these on a map, and notice 
the names of the straits leading to them. On 
the Pacific coast, which is bordered by high 
mountains, there are fiords in the north like those 
of Western Scotland or Norway in the north- 
west. In the south is the Gulf of California, the 
largest gulf on the Pacific coast. It may be 
contrasted with the Atlantic gulfs. 

Mountains. The highlands and lowlands 
of America are arranged in parallel belts. Along 
the whole length of the Pacific coast runs a 
contimiouB belt of broad high mountains, 
sometimes called the Cordilleras. These sink 
in the east to a broad, rolling plain, which 
extends the Arctic Ocean to the Gulf of 
Mexico. Two breaks occur in its surface, which 
elsewhere slopes Imperceptibly but uniformly 
from west to east. The first of these is the 


region west of Lake Superior. Though nowhere 
over 2,000 ft. high, it gives rise to the St. 
Lawrence, flowing due east to its gulf; the 
Mississippi, which flows almost due south across 
the central lowland to the gulf ; and the Red 
River, wliich flows north to Lake Winnipeg. The 
second is the Ozark Mountains, which separate 
two of the jparallel tributaries of the Mississippi 
which rise m the east. In the east the Central 
Lowland gradually rises to the Atlantic or 
Eastern Highlands, which, under various local 
names and with some breaks, can be traced from 
Hudson Bay almost to the Gulf. North of the 
Sfc. Lawrence they are known as the Laurentian 
Highlands, south of the St. Lawrence as the 
Appalachian Highlands. These highlands fall 
steeply on the east to the Atlantic lowland, which 
widens towards the south, and is connected round 
the south of the Appalachians with the central 
lowlands, there forming what is often called the 
Gulf Coastal Plain. 

Rivera. From this arrangement of high- 
lands and lowlands it follows that wo shall have 
a series of (1) short rivers flowing west to the 
Pacific ; (2) long rivers from the eastern slopes 
of the western mountains, flowing east or south ; 
(3) long, rivers from the gentler west slopes of 
the Appalachians, flowing west ; and (4) short 
Atlantic rivers from the steep eastern slopes of 
the Appalachians. The rivers from the central 
heights have already been named. 

’'.Die longest of the Pacific rivers flow for con- 
siderable distances parallel to the mountain 
chains. Of these, the chief are the Yukon, 
flowing to Behring Strait in a long, narrow valley 
parallel to the 'coast ; the Fraser and Snake- 
Columbia, flowing to the Pacific from the central 
region of the western mountains ; and the 
Colorado, flowing to the Gulf of California. 

Ease 6f Water Communication. The 
northernmost of the long rivers running 
east IB the Mackenzie, flowing with a course 
nearly parallel to that of the Yukon through 
Athabasca, Great Slave and Great B^r lakes 
to the Arctic Ocean. Parallel to its up^r valley 
are those of the Saskatchewan, which flows east 
to Lake Winnipeg, and thenc8, as the Nelson, to 
Hudson Bay, and those of the great rivers which 
flow east to the Mississippi, the Missouri, Platte, 
Arkansas, and Red River. The Mississippi also 
receives the waters of long west-flowing rivers 
from the eastern Appamchians, which are 
gathered up and carried to it by the Ohio. Of the 
short, rapid rivers of the Atlantic seaboard the 
most important are the Coimectiout, Hudson, 
Delaware, Susquehanna, Potomac, James, and 
Alabama. It will thus 1^ realised that no other 
opntinent has such admirable facilities for 
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water communication. North America is covered 
by a network of lakes and rivers, separated by 
incqpsiderable distances, permitting easy water 
communication in all directions. The Great 
Lakes, with the St. Lawrence, open up the very 
heart of the continent. Lake Erie is quite near 
the Ohio tributary of the Mississippi. I.<ake 
Superior is even nearer to (1) the Winnipeg- 
Nelson system of lakes and rivers ; and (2) the 
Mississippi. A veiy short canal thus gives through 
communication between the Gulf of St. I.Awrenco 
and the Gulf of Mexico. The source of the 
Mississippi is only a few miles distant from 
that of the Winnipeg or Northern Red River, and 
the three systems, St. Lawrence, Northern Red 
River, Nelson, and Mississippi may almost bo 
regarded as one great system, linking together 
the three great Atlantic gulfs. The Mackenzie 
is easily reached from the Saskatchewan, thus 
giving access to the Arctic Ocean ; but as it is 
frozen for many months of the year, this is of 
little practical importance. 

The Western Mountain System. It 
is impossible in our limited space to study this 
great system in detail. In the east, the lofty 
Rocky Mountains rise steeply from the plains. 
West of these are a series of plateaux, or basins, 
and west of these again another series of ranges, 
locally known under different names. An outer 
coastal range is less well marked, but can be 
traced on the mainland and bordering islands. 

The basin of the Yukon is separated from the 
Mackenzie by spurs of the Rockies. West and 
south of the valley are two parallel volcanic 
ranges, the northern forming the mountains 
of Alaska, which are connected through the 
. Aleutian Islands with the volcanic highlands of 
East Asia. Mount McKinley is the highest point 
in North America, reaching 20,500 ft. The 
southern range is a labyrinth of gla<5ier- filled 
valleys and snow j)eaks rising precipitously 
from the sea, the highest being 8t. Elias (18,00) 
ft.) and Logan (19,550 ft.). Over the wild 
southern mountain chain difficult passes, closed 
by snow for many months, lead to the gold- 
mining districts of Klondike and other centres in 
the Yukon basin. 

British Columbia. British Columbia is 
a high, rugged plateau enclosed between the 
Rockies on the oast and the Northern Cascades 
on the west. Beyond the Cascades a coastal 
range appears in the islands of Queen Charlotte 
and Vancouver. Where they are crossed by 
the Canadian Pacific Railway the Rockies 
are a broad system, consisting of the Summit, 
Selkirk, and Gold ranges. These parallel ranges 
are separated by long valleys in which flow 
the tributaries of the rivers running west. Tlio 
easternmost or Summit range of the Rockies 
rises in sheer cliffs or escarpments above the 
plains, towering up in rock walls 3.000 or 
5000 ft. high. The highest summit. Mount 
Robson (13,700 ft.), overlooks the source.^ 
of the Athabasca, flowing to the Mackenzie, the 
Saskatchewan, flowing to Hudson Bay, and the 
Fraser and Columbia, flowing to the Pacific. 
Many peaks rise to 12,000 ft., and vast glaciers 
and snowfields feed the rivers. The forests are 


much thinner than in the Selkirks, whose fin# 
combination of forest, glacier, and snow peak 
has earned the title of the Switzerland of 
America. The Gold and Cascade ranges are 
lower, and forested almost to their summits. 
Across these ranges, which presented groat 
difficulties to the railway engineers, the rivers 
have cut deep, gloomy oafions in which a raging 
river boils along at the base of perpendicularly 
steep walls of rock. 

Western Mountains of the United 
States. The Rockies and Cascades continue 
south into the United States, diverging os they 
go. The Rockies become an intricate system 
of parallel ranges, which enclose high interment 
vafleyfl, locally called parks. I'hey form the con- 
tinental divide between the Atlantic and Pacific 
rivers. Within a relatively small area are the 
sources of the Missouri and Yellowstone tribu- 
taries of the Mississippi, the Snake tributary of 
the Columbia, the Green and Grand head streams 
of the (Colorado, and the Rio Grande del Norte. 
There are spots on the Divide where the sources 
of two streams, one flowing to the Atlantic, the 
other to the Pacific, are hardly 200 yards apart. 

The Yellowstone Park. The finest of 
these parks, set apart for national enjo3rmcnt, is 
the Yellowstone Park, some 75 miles square, 
situated on thrf Great Divide, about 7.000 ft. 
above the sea. Surrounded by an amphitheatre 
of mountains, and containing magnificent cas* 
cades, beautiful lakes, many geysers, hot springs, 
and wonderful coloured sinter terraces, it forms 
a natural museum unique in the world. 

Far surpassing everything else in beauty is 
the Yellowstone Canon, into which the river 
falls over the famous Yellowstone Falls. In 
places the walls of the canon are 1 500 ft. high, 
w'hile the width of the chasm is only half a mile. 
It has l)ecn cut down by the river through pale 
yellow or pinkish rocks, and the rocks do not 
weather uniformly. All along the cafion walls 
tht; harder parts project in a series of massive 
fretted buttresses and jagged pinnacles of the 
most fantastic shapes. “ The whole gorge is 
painted in the most brilliant hues, from pale 
lemon yellow to deep orange, streaked with 
warm vermilion, crimson and purple, which, 
mingling with the deep green of the pines tliat 
clothe the brink of the chasm make up a picture 
of transcendent beauty.” 

Somewhat similar canons are cut by Ike 
rivers south of the Yellowstone, where Long's 
Peak and Pike’s Peak are both over 14,000 ft. 

Idaho* Utah and Colorado. West of 
the Rockies lies the lava dcst'rt of Southern 
Idaho, cloven by the deep gorges, of the Snake 
and Columbia Rivers. In their descent they pass 
over many falls, of which the Soshonc Falls 
of the Snake are the finest. South of thq, Snake 
is the Great Basin, a district as large as France, 
whose waters flow to the Great Salt Lake> 
and other basins without an outlet. The 
surface is covered with short ranges of tilted 
block mountains, varied in colour and bare 
of vegetation. Between these are \rido valleys 
covered with dry scrub, or with nitrates and 
other alkaline deposits. Under irrigation the 
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soil is very fertile, and the region round Salt the Sierra Nevada, the counti^ becomes a desert, 

Lake City is a veritable garden. The Wahsatoh where such names as Death Valley, a region of 

Mountains separate the Great Basin from the enormous mineral wealth, tell their own sinister 

Colorada plateau to the east. This remon tale. It is a land of burning sands, weird, 

consists of high arid plateaux, above which distorted cactus vegetation, mirage and thirst, 

rise table-shaped mesas, ot Steep-sided pinnacle- ' -Tlie- Western The western 

shap^ buttes. The Colorado and its tributaries rampart of these vast plateault and basins is 

flow in'^M^ons similar to that of the Yellowstone formed by the Southern Cascades, the Pacific 

but on an infinitely vaster scale. The Marble slopes of which are densely forested. By inter- 

Cafion in the Painted Desert of Arizona, and the oepting the rainy winds they produce the arid con* 

Grand Cafton of the lower Colorado, 300 miles ditions just described. Of many volcanic cones the 

Jong and in J^aces a mile deep, are the most finest are Tacoma, Hood, and Shasta (14,600 ft), 

wonderful This extraordinary r^on long beyond which the s^tem is continued south 

bafiWd exploration, and is still imperfectly by the Sierra Nevada. Across the Southern 

known. AU these rogt^s are arid, and bare of Cascades there is only one natural route, the 

vegetation* . West of the Colorado, in the lee of gorge of the Columbia, which outs its way to 
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the sea between great basaltic cliffs in places 
2 !oOO ft. high. . The Sierra Nevada contains many 
pe 9 .ks over 13,000 ft., whose snowy summits 
have suggested its name. Hidden l^tweon its 
parallel ranges is the Yosenffte Valley, one of 
the beauty spots of the world. It is enclosed 
between rock walls of stupendous height, over 
which the rivers leap in magnificent cascades, 
the wonderful panorama of crag, forest, and 
cascade being mirrored in the lovely lakes of 
the valley floor. Between the Cascades and the 
Coast range is the fertile Willamette valley of 
Oregon, whose northern extremity forms Puget 
Sound. Between the Sierra Nevada and the 
Coast range is the rich valley of California, 
drained by the Sacramento. 

In Mexico, the Rocky Mountains arc continued 
by the eastern, and the Sierra Nevada by the 
western Sierra Madre. These form the margins 
of the Mexican plateau, which rises to the south, 
where the Sierras converge to a great volcanic 
chain, containing many lofty snow-clad active 
and extinct volcanoes. The highest are Popo- 
catepetl and Orizaba (18,000 ft.). Beyond this 
the mountains sink gradually to the Isthmus of 
Tehuantepec, which is less than 500 ft. high. 

The Great Plains. The central plains 
of North America extend from the Arctic to the 
Gulf of Mexico. In the extreme north they are a 
tundra region, covered by a network of lakes. 
This passes at the south into forests, and those 
in turn into grasslands. In the United 
States the eastern forests have Ix'en largely 
cleared, and rolling treeless prairies form a 
monotonous landscape. Some unfertile tracts 
occur, such as the Bad Lands of South Dakota, 
and the Staked Plain of Texas. Along the 
Gulf of Mexico the plain is of alluvial formation, 
and fringed with swamps and lagoons. The 
peninsula of Florida consists of porous limestone, 
through which the rivers sink. The southern 
part forms the Everglades, a region of forested 
waterways and islands. The Atlantic plain is 
wide and swampy in the south, but becomes 
narrow in the north. 

The Appalachians. Those stretch from 
Newfoundland to within 200 miles of the Gulf, 
averaging 450 miles in width. Newfoundland, 
an island of low mountains and many lakes, is 
cut off by the Gulf of St. Lawrence from the 
very similar New Brunswick and Nova Scotia. 

In the United States the rugged New England 
Highlands are separated by the Hudson valley 
from the Appalachian ranges, in the narrower 
sense of the term. The Appalachian system, 
which is in reality a very ancient plateau dis- 
sected out in the course of ages into parallel 
ranges separated by long narrow parallel valleys, 
becomes higher, broader, and more rugged. To 
the oast is the Blue Ridge, and to the w^est the 
Allegheny Plateau. The structure of the region 
in its present form is very complicated. The 
ranges have local names, which can bo looked 
but on the map. 

These broad, rugged, and densely forested 
highlands long prevent^ the westward exten- 
sion of colonisation. The rivers descending from 
the eastern slopes, which front the Atlantic plain 


as steep escarpments, did indeed lead to excellent 
passes, but these gave access only to trough-like 
valleys, beyond which rose a barrier similar to 
that just crossed. Population for 150 years 
moved up and down these valleys, but could not 
push westward into the central plains, except in 
the north, where the only natural break across 
the entire breadth of the highlands occurred. 

The Gateway of the Appalachians. 
This gateway of the Appalachians was the 
Hudson valley, a great natural opening shut 
in by the escaq)ments of the plateau on cither 
side. Nowhere 200 ft. high, and occupied by the 
Hudson and Lake Champlain, it opened a natural 
route to the St. I.<awrence, and thence by the 
great lakes to the west. The importance of this 
route is shown by the enormous prosperity of 
the cities founded at its terminal points — New 
York and Montreal. 

A still more direct route to the great lakes 
and the west opens from the Hudson, by the 
valley of its tributary, the Mohawk, which leads 
west to the lowlands around Lake Ontario. 
“ Seen from the railway, which follows it, the 
valley appears to be a trench about 500 ft. deep, 
with moderately steep sides, and an average 
width of half a mile. Seen more truly from 
above the bordering uplands, it is a vast gap, 
1,500 to 2,OQ0 ft. deep, and several miles wide 
in its higher part,” cut across the entire breadth 
of the plateau. The Mohawk valley, which 
commands the great route to the west, is followed 
by the New York Central Railway to Buffalo. 
“ There is not a difficult grade or an embankment 
or a trestle of any importance between New 
York and Buffalo (490 miles), and with slight 
exception, this holds good from Buffalo to the 
Rockies. Two thousand miles of splendid 
couiitry are made tributary to the harbour of 
New York through this river gateway.” 

Climate. In a continent nearly 4 000 mile.s 
long we have every kind of climate, from 
polar to tropical, modified by elevation and 
distance from the sea. If wo look at a map of 
the January isothcTms, these show the same 
southward sweep from west to east as in Europe, 
Thus a great part of the continent has frost for 
longer or shorter ixriods in winter, and thf^ 
centre of the continent, in the latitude of Central 
Italy, is as cold as Iceland. South of .35° N., 
there are no winter frosts. Florida and Cali- 
fornia have a January like that of Egypt, and 
the tropical lowlands of Mexico have a January 
temtxiraturo of 70° F. 

In summer the isotherms are Ijent north. 
Over most of the mainland the summer tempera- 
ture is not below 50° F. 3Tio isotherm of 60° F., 
which crosses central England, traverses North 
America at the southern end of Hudson Bay, 
and runs north as we go west. The sam^ regions 
which have very severe winters have thus 
warm summers. The isotherm of 70° F. strikes 
the west coast in about latitude 30° N., and 
runs almost duo north for 20 degrees and then 
crosses the continent. South of latitude 30° the 
summers are hot, especially in the interior, where 
the lands in the lee of the Rockies are cut off 
from cooling ocean winds. 
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Rain falls abundantly on the Atlantic coast 
from Labrador southwards, and south of New- 
foundland at all seasons. The rainfall diminishes 
slowly but steadily as we go west, and be<;omes 
extremely scanty west of the Mississippi, where 
the lands in the lee of the Rockies have a very 
dry climate. The west coast has abundant rain, 
especially in the north, where it falls at all 
seasons. Farther south is California, with winter 
rains, or a Mediterranean climate. In the trade 
wind area the rainfall diminishes, and this ex- 
plains why in the lee of the southern Rockies 
rainless deserts arc found. If the continent were 
here broad, like North Africa, 
instead of narrow, we should ■ 


turned by the river, soon ^nsform the lumber^ 
into timber, wood pulp, and its products. 
Beyond the forests* in the dry centre of tKe 
continent, we find tliie dry steppes or grass lands, 
generally called the prairies. Where the rainfall 
is sufficient for cereals, wheat is grown in the 
north and maize further south. The dry western 
prairies are used for cattle - breeding. Many 
thousands of acres go to form a cattle ranche, 
on which thousands of head of stock run in a 
semi-wild condition. 

The belt of desert in North America is relatively 
small. Neither savannas nor tropical forests are- 
found, except in parts of Mexico 
. and Florida. 


have a Sahara. As it is, we 
have desert rjsemhling the 
Kalahari. 

Vegetation. The vegeta- 
tion of Arctic North America is 
of the familiar tundra type. 
Much of this region, especially 
round the northern part of 
Hudson Bay, has the expressive 
name of the Barren Grounds. 
Vegetation consists of moss and 
lichens, or of low, berry- bearing 
hushes, with stunted trees in 
protected spots. To the south 
it passes gradually into poor 
w’oodland, the birch being found 
as far north as any of the coni- 
fers. In winter the tundra is 
frozen, and in spring, when the 
rivers are melting, it is flooded. 
Only in summer does it tempt 
north the caribou — the Ameri- 
can reindeer. The caribou has 
never, like tin? reindeer, been 
domesticated, and there is con- 
sequently no summer inigration 
of population north, as in the 
Old World. Tile Indian hunter, 
indeed, follows the trail of the 
caribou, hut only for purposes 
of destruction. In the worst 
parts of the Arctic region, hou - 
ever, where vegetation practi- 
cally ceases, we get the interest- 
ing Eskimo people, who live by 
slaving the creatures of the 
Polar Seas, hear, walrus, 
whale, and the like, and show 



A FIFTY-FEET STATUE IN 
MEMORY OF AN INDIAN CHIEF 


Occupations. Hunting is 
the only means of livelihood for 
the Eskimo of the Arctic Ocean, 
Hudson Bay* and Greenland. 
The trapping of fur animals is 
important on the tundra and 
forest margins. Largo herds of 
buffalo once roamed the prairies, 
and were hunted by numerous 
Indian tribes, but the white 
man exterminated them with 
more than savage recklessness. 

In the forests lumbering is 
important, and supports such 
industries as saw- milling, pulp- 
ing, and paper- making in the 
towns on the forest margin. 
In the eastern prairies wheat is 
grown on a vast scale. Flour- 
milling is important in towns 
adjacent to the wheat- belt. All 
the western mountains arc rich in 
minerals, and mining is impor- 
tftnt in many parts. The sea 
fisheries of both the west and 
east coast are very valuable, 
especially in Canada and New- 
foundland. The northern rivers 
of the Pacific slope teem with 
salmon, which are canned in 
immense quantities. 

The industries of the towns 
are very varied. Manufactures 
are carried on where water is 
plentiful, especially in the 
United States at the base of the 
Appalachian highlands and on 
the coalfields. 


great ingenuity in supplying all their wants Races. The original Indian inhabitants arc 
from these animals. now comparatively few in number, and confined 

Forests and Steppes. Forests succeed to the tundra, the forests, or their own reserva- 


the tundra, both in east and west. Thousands 
of square miles are covered with virgin forests, 
containing magnific3nt timber. This gives rise 
to the important industry of lumbering. When 
the forest streams are frozen in winter, the 
lumbermen start for the woods, where they 
remain for several weeks, felling trees and drag* 
ging them ovar the firm frozen ground to the 
baipiB ^of the streams. When these thaw in 
spring, , the swollen current whirls along its 
buiden of lq|s one of the great ^timber or 
lumber eentm, where innumerable sawmills. 


tions. The modern American is of European 
descent. Except in the lower St. Isawrence basin. 
British blood predominates in Canada, as well 
as in the United States, though all European 
nations are well represented. Spanish blood is 
pre-eminent in Mexico, where Spanish is spoken, 
and the religion is Roman Catholic. The rest 
of the continent is English-speaking, and mainly 
Protestant. Negroes of .^rican descent are 
numerous in the southern United States, and 
Chinese have settled pu the, Pacific coast, , . 

A. J. AND F. D, HEBBERtSON 
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aROUP 3-ARTS & CRAFTS * THE GLORIOUS WORK OF MEN’S HANDS-CHAPTER 23 

' How to Draw the Skeleton Cube and Vases. Memory 
* Drawing. Plane Figure Areas and Plane Curves. 

OBJECT DRAWING AND GEOMETRY 


SReleton Cube. To many studentfl the 
skeleton cube Reems to be a very difficult object 
to draw correctly, and perhaps it is so, especially 
when it is in positions similar to that Khown 
in 310; but most, if not all, the difficulties will 
be overcome if sufficient care is given to the 
preliminary but thorough analysis and observa- 
tion of the model before drawing a single 
line.^ For example, it will be seen that the 
edges may be divided into ihw seta — viz., lirst, 
a vertical sot ; secondly, all those vanishing to 
the right, and thirdly, those receding to the 
/c/f, as in 308. In 309 there are vertical and 
horizontal sets, with a third set receding straight 
away in front of the spectator. In 310 will 
be seen a set vanishing upwards to the right, 
another upwards to the left, and a third set 
downwards to the right. The above examina- 
tions of the object ought to enable the student 
to n>ake no errors in the direction and apparent 
convergence of receding parallel edges. Begin 
by drawing the appearance of the object as if 
it were a solid cube, as shown in small sketches 
in 309, being very cart'ful to keep the true 
relative apparent proportions between the 
different faces. 

Next, having noticed the pro})ortiou of the 
apparent thickness of the bars, sketch the 
vertical lines AB, (^D, Eh\ and Of I, which 
represent the bars of the vertical visible faces, 
and then the lines AC, BD, EG, and ¥H, for the 
receding edges of the same faces. The top 
surface is thei^, easily obtained by ]jroducing the 
vortical edges BA, DC, FE, and IIG, to the top 
front receding edges JK and JL, and from the 
points M, N, O, and P draw lines converging 
right and loft with JK and ./ L in 308. The next 
step is an important one, and that is drawing 
accurately the position of the edges QR, HS, and 
D P, which should all intersect at one point, V. 
If they do not do so, then the student may be 
certain that he has made a mistake previously 
in the convergence of the other edges or tlie' 
proportion of the faces. The rest of the drawing 
should bo found very simple, especially if the 
student will notice the connection between the 
various edges as shown by dotted lines. 

In 809 will be seen an instance of very much 
foreshortening of the thickness of the inner 
surfaces of the bars ; this will need special care. 
We must not forget that the edges AB and CD 
should appear to converge to the same point 
as the edges which recede at the top. The 
observer is supposed to be opposite the front 
vertical face of the cube, which is below the eye 
level. When the cube is tilted, as shown in 310, 
we have a somewhat more difficult view to draw, 
but method and keen observation will overoome 


the difficulties. Start by fixing the position of the 
nearest corner A, then the direction of the three 
lines radiating from it. Each of these lines 
belongs to a different set, and all others depend 
upon them for correctness in every ro8j)eot ; 
therefore groat caro should bo given to deciding 
their apparent direction and length. The rest 
of the drawing is then as easy as in 308, for the 
student has only to obey the rule of apparent 
<!onvergeiice of i-ecoding parallel edges, and 
ob.scrve their relative proportions. 

Vases. The vases chosen for models in this 
course are those to be found in all art schools, 
but other vases will do just as well for examples 
to study. Fig. 311 is a view of the vase known 
as the white bottle, 312 as the terra-cotta va.se, 
and 313 as the red glazed one • all standing, 
of course, in a vertical ])osition. 

When the vases are symmetrical in form and 
standing in a vertical position, as in 311-313, 
begiti by sketching the upright axis AB of the 
vase ; then determine the greatest width, both as 
regards position and j)roi)ortioii, and draw the 
lino CD to represent them, noticing carefully 
that it appears at right angles to the axis AB 
of the object Next draw the major axes of the 
various (‘llipsows, such as V 4 F, Gli, etc., again 
observing that the axes are always perpen- 
dicular to AB, and then fix the position of the 
narrowest part of the neck, such as LM. Now 
])roceed to sketi^h the main contour lines and the 
curves for the ellipses, all the time endeavouring 
to realise the beautiful form of the vase, whicli 
.sometimes requires the line to curve slowly and 
at others more (piickly. Great attention shouhl 
be given to the rirns, bases, and mouldings, if any, 
observing the apparently greater width of the 
rims at the ends of the major axis, as in 312. 
Notice the apparent connection (shown by dotted 
curved lines in 311) between the neck and the 
base; the elliptical form of the body in 311; 
the oval form of that in 312. and the circular 
or gldmlar shape in 313. Do not make the very 
common error of drawing a horizontal straight 
line for the bases, for as these are really circular 
in shape, and below the eye level, they must 
appear as part of ellipses. The base can apjxjar 
as a straight line only when it is exactly level 
with the eye, and, if lying in an oblique position, 
when the plane of the base would pass directly 
through the observer’s eyes. 

Oblique Positions of Vases. These 
positions often cause great trouble to beginners, 
but very little should be ex|)erienced if the 
student will first of all draw the correct direction 
and length of the axis of the vase ; and 
observe that the greatest width, the narrowest 
part of the neck, and the major axes of the 
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308-319. LESSONS ON THE SKELETON CVRE AND VASES 


GROUP 3-ORAWING AND DRSIGN 

ellipses are always at right angles 
to the axis AB of the object. The 
student should place the vases in 
such positions as shown in 814- 
319, and verify the above laws. 

In those oblique positions of the 
vases, peculiar appearances of the 
rims, interiors, and bases w'ill be 
noticed, and much careful obser- 
vation will be necessary for the 
mind to perceive them. All the 
representations in 314-819 are 
those of the vases lying down 
on a horizmtal planCy sometimes 
with the mouth, at others the 
base, towards the spectator. 

Figs. 315 and 318 are of special 
interest, for they are splendid 
views for finding out whether 
the student will draw what he 
seeSy instead of what he knows. 

As stated before, the vases jvre 
lying on a horizontal plane, with 
the axis of the objects really 
slanting downwards away from 
the observer, yet this axis in 
each view shown in 315 and 318 
appears horizontal; but it must 
be remembered that this is only 
so when the vase is turned fiway 
at a particular angle, for it is 
quite xjossible to have the axis 
of the object — when its base is 
towards the observer — appar- 
ently slanting downwards or up- 
wards; and the student should 
make experiments with the vases 
in various positions. 

General Observations. 

The student has now had all the 
main principles of object-drawing 
explained to him; and the more 
practice he gets, the more he 
will find how often these |jrinci- 
ples are emj)loy(;d, and what 
sure guides they are to the correct 
drawing of any object he may 
wish to reijresent. But-hc should 
not stop here, for there is still much to be done, 
and of much more interest, when light and shade 
and colour are involved. Yet tone and colour 
will not hide bad drawing— rather, they will 
emphasise it ; therefore, it is most necessary 
to learn to draw correctly, wiiich can only be 
accomplished by continual and regular practice. 

Memory Drawing. This is, without doubt, 
one of the most important branches of drawing, 
and should be cultivated as early as possible. 
It is a powerful stimulus to the imagination, 
besides bei^ a moans of cultivating confidence 
and self-reliance in the student. To make true 
progress in this subject, as in all others, method 
is required. The student should begin by placing 
at a convenient distance and level some simple 
recta^igular object, such as a box, book, stool, 
tables or either of the rectilineal geometrical 
models used in objeot-drawing, and make a most 
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careful observation concerning their apparent 
general })roi)ortion and direction of receding 
edges, and not forget the important rule ; “ Draw 
what you see, and not what you know.” It is 
most essential that these main facts should bo 
observed correctly, and then the details will give 
little trouble. These observations may bo 
finished in three or four minutes. Having marked 
the xiosition of the object, so that it may be again 
placed in exactly the same position, remove the 
object from sight, and then make a fair-sized 
drawing of it from memory. Now replace the 
object in its former x^osition and compare the 
drawing with it. The same procedure may be 
adopted w'ith regard to curved and more difficult 
objects, such as a cup and saucer or a silk hat. 

' The student should practise regularly, and 
eventually he will be able to draw with ease, from 
memory, flowers, plants, and even animals. 



QROUP 3 - DRAWINQ AND OISIQN 


Principles Cono^ning Areas of 
Plane Figures. In order to understand more 
thoroughly the following principles, it would 
be weU for beginners to go through Euclid’s 
demonstrations of them. 

1. Parallelograms upon the same base, or 
upon equal bases, and between the same 
parallels, are equal [Euc. I., 3«5 and 36]. Thus 
ABCD-^ABDE [820], or ABCD ARFE 

1821], or ABCD = EFHO [822]. 

2. Triangles upon the same base, or upon 
equal bases, and between the same parallels, are 
equal [Euc. I., 37 and 38]. Thus, ABC " DBC 
[828], OT ABC == DBF [824]. 

3. If a parallelogram and a triangle be u{)on 
the same base, and between the same parallels, 
the parallelogram shall be double the triangle 
[Euc. I., 41]. Thus, ABCD = twice ABC [325], 
or ABCD — twice EBC [326]. 


4. The square on the hypotenuse of a right- 
angled triangle is equal to the sum of the 
squares on the other two sides [Euo. I., 47]. 
This fact was discovered by Pythagoras, 680 B.c. 
Thus, the square ABCD — square EGFB 4- 
square AEHJ [327]. 

Note. This is true of other figures con- 
structed upon the sides of a right-angled 
triangle as long as they are similar. Thus, the 
hexagon .4 LJf iV" — hexagon BEOPQR 4* 
hexagon AESTUV \Z21\ 

5. Parallelograms and triangles upon the same 
base have their areas in the same ratio as their 
altitude. Thus, ABEF == twice ABCD [328], 
or ABD -- four times ABC \Z22\ 

6. Parallelograms and triangles of the same 
attitude are to one another as their bases 
[Euc. IV., 1]. Thus, ABCD |j BEF [330], or 
ABC ^ three times ABE [221] 

7. The area of a re(4angle is 
equal to that of a triangle upon 
the same base, but having twice 
the altitude. Thus, ABCD — 
ABE [222]. 

8. The areas of circles are pro- 
portional to the squares on their 
diameters. Thus, the circle A BC 

- four times DEF [333]. 

334. To Draw an Isosceles 
Triangle whose Area shall 
BE Half that of t/ie Given 
Rectangle ABCD. Bisect AB 
by the perpendicular FE, cutting 
CD in E. J oin A E and BE^ and 
AEB is the required triangle. 

336. To ( 'ONSTRUCT a Rect- 
angle Equal in Area to the 
Given Triangle ABC. At A 
and B erect AE and BF perpen- 
diculars to AB. From C draw 
CD perpendicular to AB (or A B 
])rodacod), and cutting it in D. 
Bisect CD in G, and draw EOF 
parallel to AB and cutting AE 
in E and BF in F. Then ABFE 
is the rectangle required. 

Note. The rectangle AHJK 
.shows that the area of a triangle 
may also be expressed as the alti- 
tude multiplied by half the base. 

336. To Construct a Rect- 
angle Equal in Area to the 
Given Rectangle ABCD, and 
One Side to be Equal to OH. 
Then the other side of the re- 
quired rectangle must be a 
fourth proportional to A B, Gli, 
and AD. Set off along A B from 
A, the given side AE equal to 
OH. J oin E and D, and through 
B^ draw BF parallel to ED, 
cutting AD produced in F. 
Through F draw FO parallel to 
AB, and through E draw EG 
parallel to AF. Then AEOF is 
the required rectangle. 

337. To Construct a Tri- 
angle OF A Given Height DE, 
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352-367. CONSTRUCTION AND DIVISION OF PROPORTIONAL AREAS 


AND Equal in Area to tde Given Triangle 
*4 BC. Through A draw FQ iJeri)endicular to 
BC and equal to the given height DR. Join FB 
and FC, and through A draw AJ and AH 
parallel to FB and FC respectively, cutting BC 
in J and H. Join FJ and FH, then FJU is the 
triangle required. 

338. To Construct an Isosceles Triangle 
Equal in Area to the Given Triangle 
ABC, AND WITH One of its Angles Equal 
to One of Those in the Triangle ABC. 
Find the mean proportional BF to BA and BC. 
With centre B and radius BF describe an arc 
cutting BA produced in O and BC in U. Join 
0 and H, then QBH is the required triangle. 

339. On a Base Equal to DE to Db.scribe 
A Triangle Equal in Area to the Given 
Triangle A BC. On BC, or BC produced, set off 
BF equal to DE. Draw AF, and from C draw 
CO parallel to AF. Join Q and F. Then 
GBF is ilia triangle required. 
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340. To Construct an Equilateral Tri- 
angle Equal in Area to any Given Triangle 
ABK. Through K draw KC parallel to the 
base AB. Bisect AB by the perpendicular EC 
cutting /CC in C. Join CA and CB, thus obtain- 
ing an isosceles triangle, CAB, equal in area to 
ABK. Upon AB describe the equilateral 
triangle ABD. Now find the mean proportional 
EF to the altitudes ED and EC of the two 
triangles ABD and ABC. With E as centre, 
and radius KF. describe an •arc cutting EC 
in G. Through O draw GH and GJ parallel 
to DA and uB i'cspectivcl3% and cutting AB 
produced in H and J. Then OHJ is the required* 
triangle. 

341. To CoNSTRucr a Rectangle with Sides 
IN the Ratio op 3 to 4, and an Area Equal to 
THE Square on AB. Draw any straight line 
CD, divided in the ratio 3 to 4 at E\ Find a mean 
proportional EF to CE and ED. Produce EF to 
G, making EG equal to AB. Draw GJ 'and GH 









parallel to FC and jPDVea^otively, cutting CD 
produced in J and Construct the required 
recfhngle with sides equal to EJ and EH, as 
shown. 

342. To Construct a Square Equal in Area 
TO A Given Triangle ABC. On the base BC 
make a rectangle BCDE equal to tlie triangle 
ABC. Find a mean proportional CO to BC and 

CD. Then CG is one side of the required square. 

843. To Construct a Rectangle Equal in 

Area lo a Given Circle ABC (approximate). 
Draw any radius DB for a short side of the 
rectangle. Divide DB into 7 equal parts. Draw 
BE perpendicular to DB, and equal to 3| times 
DB. Complete the rectangle DBEF as shown. 

344. To Construct a Parallelogram Equal 
IN Area to a Given Trapezoid A BCD. Join 
two opposite corners, D and B, and through C 
draw CE parallel to DB, cutting AB produced in 
E. Bisect AE \n F. From F draw FO parallel 
to AD, cutting DC produced in O. Then AFQD 
is the required parallelogram. 

345. To Construct a Parallelogram Equal 
IN Area and Perimeter to the Given Triangle 
ABC. Produce either side, say BC, to D, making 
CD equal to CA. Bisect ABmE, and BD in F. 
Through C draw CH parallel to BA . With B as 
centre, and radius BF, descrilie an arc cutting CH 
in O. Join BO, and through E draw EH parallel 
to BO. Then EBOH is the required parallelogram. 

346. To Draw a Triangle op a Given Shape 
ABC AND Area Equal to, say, 3 sq. in. From 
A draw a perpendicular AD to BC, and bisect it 
in E. Make the rectangle BCFO equal in area to 
the triangle ABC. With B as centre, and radius 

BO, describe the arc OH, cutting CB produced 
in H. Find BJ the mean proportional to CB and 
BH. Along BJ, or BJ produced, set off BK equal 
to (the mean proportion of 3 and 1). Join 
JA, and from K draw KL parallel to JA, and 
cutting A B in L. T hrough L draw LM parallel 
to AC. Then LBM is the required triangle. 

347. To Construct an Isosceles Triangle 
Equal in Area to a Given Trapezium .4 BCD, 
with One Side AB Common to Both Figures. 
Join AC, and from D draw DE parallel to AC, 
and cutting BC produced in E. Join AE, Then 
the triangle ABE is equal to the trapezium. Bisect 
AB by the perpendicular FO, and through E draw 
EQ parallel to AB, and cutting FO in G. Draw 
QA and OB. Then ABO is the required 
triangle. 

846. To Construct any Figure Similar to a 
Given One ABODE, and Having its Area in 
ANY Proportion to it, say, 3:1. Let AB bo 
the one equal part, and make AF equal to 3 times 
AB. Fiiii a mean proportional AG to A B and 
AF, Then AG is the base of the required figure 
to be completed as shown. 

346. To Describe a Circle Equal in Area to 
THE DnrFBRBNCE OF TwO OTHERS. Lot AB be 
the diameter ol one mven circle, and upon AB 
describe the circle. With A as centre, and AC 
(the diameter of the other given cirole) as radius, 
cut the first circle in C. Join AC and u^n it 
describe the second given circle. Join CB and 
upon C'B.describe the required cirole. 


GROUP S-DRAWINO AMO DR6IQN 

360. To Construct a Figure Similar to a 
Given One ABC, but Half its Area. On BC 
describe a semicircle, and bisect it by DE. Draw 
BE and make BF equal to it. Through F draw 
FO parallel to CA. GBF is the required figure. 

361. To De.scribe a Circle Equal in Area to 
THE Sum of Two 0th ers. Draw A C and CB ( the 
diameters of the given circles) perpendicular to 
each other, and describe the given circles upon 
A 6^ and CB. Join AB, which is the diameter of 
the required circle. 

352. To Make a Square whose Area shall 

be Equal to 5 sq. in. Draw a line AG, 1 in. long, 
and perpendicular to it CB, 2 in. long. Join AB, 
which is equal to Upon AB describe the 

required square ABDK. 

353. To Make a Square Equal in Area to a 
Given Rectangle ABCD. Find a mean pro- 
portional CF to BC and CD. Upon CF describe 
the required square CFOH. 

364. To Construct a Square whose Area 
shall be a Fractional Part (say J) of that of 
A Given Square ABCD. Upon any straight 
line EF set off EG and OF, two and three con- 
venient equal divisions. Upon KF describe a 
semicircle, and find Oil the mean proportional 
to EG and OF. Join HE and HF. Prom F 
along FH, set oif FJ equal to the length of the 
side of the given square. Through J draw JK 
parallel to HE. Upon JK describe the required 
square, as shown. 

355. To Construct a Rbctancsle Equal 
in Area to a Given Square ABCD, and One 
Side of the Rectangle to be a Certain 
Length, as EA. Place the given side, EA, of 
the rectangle perpendicular to a side of the 
square, as EA and AD. Join DE and bisect 
it by the perpendicular through F, c.utting EA 
in G. With O as centre, and OK or OD as radius, 
describe a semicircle, cutting EA produced in 
H. Then AH is the other side of the required 
rectangle, as shown. 

366. To Reduce any Irregular Figure, 
AS ABODE, lo a Triangle of Equal Area. 
Join AC, and through B draw BF parallel to AC 
and meeting DC produced in F. Join AF, and 
the triangle AFC equals the triangle ABC in 
area. Join A D, and through K draw EO parallel 
to AD, cutting CD in O. Join AG, and the 
triangle AKO equals (in area) the triangle EOD. 
Then A FO is the required triangle. 

357. To Construct a Triangle Equal in 
Area to a Regular Polygon, as ABCDEF. 
Divide the polygon into equal triangles by lines 
drawn through the centre O, then OCD is J of 
the polygon. Make HJ twice the height of HO, 
and KL three times CD. Join JK and JL. 
Then JKL is one triangle equal in area to the 
polygon. Other triangles may bo drawn equal 
in area. 

358. In a Given Circle to Inscribe a Rect- 
angle of a Given Area. Draw any diameter 
BD, and from the centre E draw BFperpendicu- 
lar to BD, making EF such a length that 
EF X ED is one half the given area. Through 
F draw AO parallel to BD and cutting the 
circle in A ana O. Join either of these points, 
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say A, to B and D. Through E- draw AC, 
cutting the circle in C. Join BC and CD. 
Then ABCD is the rectangle required. 

359. To Constrt:ct a Triangle Equal in 
Area to the Sum op Two Given Triangles 
ABC and CED. Place them so that a side 
CB of one is in the same line as a side CE of 
the other, and a corner C adjacent with a corner 
G of the other. Join BD, and through E draw 
EF parallel to BD and cutting CD in F. Through 
F draw FG parallel to CB and cutting AB pro- 
duced in G. Join CG, and AGC is the triangle. 

Proportional Division of Areas 

360. To Bisect any Irregular Quadri- 
lateral FiotrRB ABCD BY A Straight Line 
Drawn Through One of its Corners C. Draw 
the diagonals AC and BD. Bisect BD (the 
diagonal opposite the given point C) in E. 
Through E draw EF parallel to AC, cutting 
AB in F. Join FC, which bisects the figure. 

361. To Bisect a Given Triangle ABC by 
a Line Parallel to one op it.s Sides. On 
either side, say AC, construct a semicircle, 
and at the centre D erect a perpendicular DE 
to AC. With A as centre and AE as radius 
describe an arc cutting AC in F. Through F 
draw FG parallel to HC. FG bisects the tri- 
angle ABC. The other construction shows how 
to divide the triangle into four equal parts. 

362. To Bisect a Given Triangle ABC by 
A Line Perpendicular to One of its Sides, 
say AB. Bisect AB in D, and from C draw a 
perpendicular CE to AB, cutting it in E. Find 
BF, the mean proportional to BD and BE. 
Set off BG equal to BF. From G draw a per- 
pendicular GH to AB. GH bisects the triangle. 

868. To Bisect a Triangle ABC by a Link 
Drawn Through a Given 1*oint D in One of 
its Sides. Bisect BC in E, and join AD. 
Through E draw EF parallel to AD, cutting 
AC in F. Join DF, which bisects the triangle. 

364. To Divide a Given Triangle ABC 
INTO Two Equal Parts bv Lines Drawn 
Through any Given Point D within it. 
From the corner of the triangle nearest the 
point D draw a line AE bisecting the opposite 
side BC in E. Join DE, and through A draw 
A F parallel to DE, and cutting BC in F. Then 
the lines DA and DF bisect the triangle. 

365. To Divide a Circle into any Number 
(say Three) of Parts Equal in Area and 
Perimeter. Draw a diameter AB, and divide 
it into the same number of equal parts as the 
circle is to be (three in this case). Describe 
semicircles on opposite sides as shown. 

366. To Divide a Semicircle into any 
Number (say Three) of Equal Parts by 
C oNCKSTRic Semicircles. Bisect the radius 
DC in E. With E as centre, and EC or ED as 
radius, describe a smaller semicircle. Divide 
DC into the same number of equal parts (in this 
case three) into which the given semicircle is to 
be divided, and erect the perpendiculars to DC 
from F and 0, cutting the smaller semicircle 
in H and J, , With D os centre, and DH and DJ 
08 radii« (describe the concentric semicircles 
which trifl|ii;H^ the large given semicircle. 
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367. To Divide a Given Triangle ABC 
INTO ANY Number op Equal Parts (say 
Three). First, by Lines Drawn Through 
One op its Corners A. Divide BC (opposite 
A) into three equal parts in D and E. Join AD 
and AE, which trisect the given triangle. 

868. The Same. But, Secondly, by Lines 
Drawn Through a P'ixed Point D in One op 
the Sides. Divide AB (the side containing the 
given ijoint D) into three equal parts in E and F, 
Join D to the opposite corner C, and draw' EG 
and FII parallel to DC, cutting AC \i\ G and 
BC in //. Join DH and DG, which trisect the 
given triangle. 

369. The Same. But, Thirdly, by Lines 
1’assino Through a Fixed Point D whthin 
THE Given Triangle ABC. Divide one of the 
sides, say BC, into three equal parts in E and 

F. Join AE and AF. Also join D lo ^ and E, 
and through A draw AH parallel to DE, cutting 
BC in H. Join DH, then A BHD is one of the 
required three equal parts. Next, join D to F, 
and through A draw AG parallel to DF, cutting 
BC produced in G. Join DC, and through G 
draw GJ parjillel to CD, cutting AC in J. Join 
DJ, then ADJ and DIICJ are the other two 
required equal parts. 

370. To Divide a Parallelogram ABCD 
INTO ANY Number of Equal Parts (say Three) 
BY Lines Passing Through a Given Point E 
in One of the Sides. Divide BC into the 
required number (three) of equal parts in F and 

G. Draw FH and GJ parallel to AB or CD, 
and cutting AD in H and J. Bisect FH in K, 
and GJ in L. Through K and L draw EM and 
EN, cutting .4 D in M and N respectively. Then 
EM and EN tri.sect the given parallelogram. 

371. To Divide a Given Parallelogram 
ABCD into any Number (say Five) of Equal 
Parts by Lines Drawn THBonoi One of 
ITS Corners .4. Divide each of two adjacent 
sides VC and CB into the same number (in this 
ease five) of equal parts, into which the parallelo- 
gram is to he divided. Draw lines from ^4 to 2 
and 4 in DC, and to 2 and 4 in BC, and the.so 
linos divide the parallelogram into five equal 
parts. The same method may be used for 
dividing a square or oblong into equal or pro- 
portional parts. 

372. To Bisect a Given Trapezium ABCD 
BY A Line Drawn from One of its Corners 
B. Draw the diagonals AG and BD. Bisect 
AC in E, and draw EF parallel to BD, cutting 
CD in F. Join BF, which is the line of bisection. 

Reducing and Enlarging Figures 

373. To Reduce a Given Irregular 
Figure ABGDEFG to a Similar One Whose 
Sides shall be, say, Three-Fifths of those 
OF THE Given Figure. Divide the figure into 
triangles by the linos BD, BE, BF, and BO, 
drawn from B, one of the corners. From B, 
along BC, set off Be, equal to thr^e-fifths of BG, 
and through c draw cd parallel to CD, cutting 
BD in d. Complete the figure aBcdefg by a 
series of parallels, as shown. Complicated 
figures may be reduced or enlarged by the use 
of squares, as explained in problem 110 . ' 
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874. To Find th8 Area of a Figure The Ellipse. An ellipse has two foci, F 
Bounded by Three Rectangular Lines and and / in 377, and two directrices, EO and HJ, 

AN liftiEGULAR CURVED LiNE, AS A BCD. Draw The line AB is called the transverse or majerr axis, 

a straight lino AD through the curve, so that and CD the conjugate or minor axis ; these axes 

AD becomes a give-and-take line — that is, so are per|>endicular to each other. A line drawn 

that it cuts off as much as it adds to the figure. through the centre 0 and terminated both ends 

Then draw A-fi? parallel to BC, cutting CD in E. by the curve of the ellipse is a diameter, as KL. 

The area of is then equal to x BC)4- Any straight lino perpendicular to the major 

(.4i^ X ^). axis is called an ordinate, as mn, and mp is a 

2 ' double ordinate. A tangent is a line, as MN, 

876. To Find the Approximate Area which touches the curve in one point, and a 

IN Acres of a Field Represented by an normal is a perpendicular, as PQ, to a tangent at 

Irregular Curved Line, as Shown. The area the point of contact. It should bo remembered 

could be found by the method used in the that if any point in the curve of the ellipse be 

wo straight lines, such as 
FC and Of, or FL and 
Lf, these tAVo lines are 
together equal to the 
major axis AB. 

877. To Describe an 
Klmpsb, the Major 
{AB) AND Minor {CD) 
Axes being Given. 
First Method, by 
Means op a Piece op 
Thread. Place the two 
axes so that they are 
perpendicular to and 
bisect each other at O. 
With radius AO (half 
tho major axis), and 
centre C, describe an arc 
cutting AB in F and /, 
which are tho foci. Place 
three pins, one at each of 
the points F, C, and /, 
and tie a piece of thread 
round F, let it pass round 
C, and tie again round /. 
Remove the pin at C, and 
replace it with a pencil. 
Move the point of the 
pencil round, keeping the 
thread taut all the time, 
and tho curve thus de- 
scribed is tho ellipse. 

378. The Same. 
Second Method, by 
Intersecting Arcs. 
Place the axes and find 
tho foci as before. In 
F'O take any number of 

are known as the conic sections. They are, as in points as 1 , 2 , 3. (It is better to make the 

376, the circle, when tho plane is i erpendicular to distances 1 2, 2 3, 3 0, unequal, with the smallest 

the axis, or parallel to the base of the cone ; tho division next to F, as shown.) With radius 

ellipse, when the plane is inclined, and passes Al and centres F and /, describe four arcs at 

through opposite sides of the cone ; the parabola, c. With Bl as radius and the same centres, 

when the plane is parallel to the generator CD intersect these arcs at e. With radius A 2 and 

[876] of the cone ; the hyperbola, when the plane tho same centres, describe four arcs at g, and with 

is so inclined that its angle with the axis AB is radius B2 and the same centres, intersect these 

less than that made with the generator [876]. arcs at g. With radius A3 and centres F and /, 
The cone is supposed to be generated thus : describe four arcs at k, and wh h radius BS 

AB is a fixed axis, and CD, the generator, is a sect them at h. Draw the ellipse through the 

straight line intersecting AB at V, the vertex. points e, g,h. A, D, B, and C. 

CD is then revolved. around AB, at a constant 379. The Same. Third Method, by Intbr- 
adgle with AB, thus generatmg the surface of sbctino Lines. Place the axei as before, and 
8 njght circular cone [376]. through their extremities draw parallels to the 
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preceding problem [374], but surveyors < 

use a method of setting : 

out a series of parallel V 

lines (on the plan of the / \ 

field) a certain distance ^ \ 

apart, accordi ng to scale. 

If the scale is 3 chains to 
1 in., then tho distance / ' v, 

apart of the parallels 

1 > 10 . 

= p -g- = 14 m. ^ . ■ 

(The numerator 10 is / 1 / // 

taken because there are / 1 / u 

10 square chains in an / si h 

acre.) The parallels are / \ /] 

thus drawn IJ in. apart. / / \ // j 

Perpendiculars are L L Z / k 

drawn at the ends in a “ ] 

give-and-take way. a 

Then everj^ inch in length 

If the strips, which are \ 

oj in. Avide, represents 

an acre. \ £ 

Plane Curves. \ / 

There are curves which \ / 

cannot bo draAvn by the ^ 

ordinary compasses ; 
therefore a number of 
points are found first, 
and the curve is then 
drawn freehand or with 
the aid of French curves, 
throi^h these points. 

When a right cone is a 

intersected by planes in 353 . 3,5 
yar:ous directions, the 
intersections give what 


but surveyors often joined to the foci by t 
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axes, making a rectangle EFOH. Divide AE 
into any number of equal parts (say four), 
and join each of these points with C. Divide 
AO into the same number of equal parts, and 
from D draw lines through 1, 2, 3, and 4, to 
intersect those from C, Through the respective 
points of intersection draw the curve AC. 
Proceed in the same manner, as shown, with the 
other three g^uarters of the ellipse. 

880. The Same. Fourth Method, by Means 
OP A Straight Edge, or Paper Trammel. 
Place the axes as before. Take a piece of paper, 
or long flat ruler if the ellipse be large, and 
make EF equal to AOy and EO equal to CO. 
Place it — the trammel — so that V is on the minor 
axis, and O on the major axis. E is then a 
point on the curve. Any number of points 
may thus be found, being careful always to 
keep F on the minor and O on the major axis. 
Draw the ellipse through the points thus 
obtained. 

881. To Describe an Ellipse Passing 
Through any Three Points A, B, C\ not 
IN the Same Straight Line. Join A and B 
and bisect in O. Join CO, and produce, making 
OD equal to CO. Draw parallels io AB through 
C and Dy and to CD through A and By thus 
forming a parallelogram. Proceed as in 
problem 879. 

882. To Find the Centre, Axes, and Foci 
op a Given Ellipse. Draw any two parallel 
chords EF and OHy and bisect them in J and K. 
A lino through J and Ky and terminated by the 
curve, is a diameter. Bisect it in O. With O 
as centre, and any convenient radius, describe 
an arc cutting the ellipse in L, My and N. 
Join L and My and M and N. Through O 
draw parallels AB and CD to LM and MN 
respectively. AB and CD are the axes. The 
foci [F and /| are found as in 377. 

383. To Draw a Tangent and a Normal 
to an Ellipse from a Given Point E in the 
Curve. Find the axes and foci as- in 382. 
Join the foci ^vith K and produce FE and fE. 
Bisect the angle FEO by the line 7/./. which is the 
tangent. For the normal, draw a perpendicular, 
KEy to the tangent. Or, bisect the angle GEL 
by the line KE which is the normal. 

The Parabola. This curve is the locus 
of a point which moves so that its distance from 
the focus [F, in 384] always equals its di.stance 
from the fixed line called the directrix, DD. 
Thus Fa -■ aLy or Fc — cM. In 384, AB is the 
axis, a line drawn through the focus F, per- 
pendicular to the directrix DDy and meeting the 
curve in the point V, which is the vertex, al, 
c2, etc., are ordinates ; aa\ cc\ etc., are double 
ordinates ; and bb' (through the focus) is the 
lat'us rectum. A part of the axis between the 
ordinate of a point and the vertex of the curve 
is the abscissa — e.g., 3F is the abscissa of the 
point d. 

884. To Draw a Parabola, the Focus F 
AND THE DiRECTRI X DD BEING Gl VBN. Throu^ 
F draw the axis AB perpendicular to DD. 
Bisect AF in F, which is the vertex of the 
curve., JEiake any points 1, F, 2, 3, 4, etc., and 
through draw the ordinates. With F as 
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centre and radius .41 out the ordinate in a and 
a\ With radius AF, and again the focus* as 
centre,* out the ordinate through F in h and b'. 
With F as centre again, and radius A2, cut the 
ordinate through 2 in c and c\ Proceed iii the 
same manner with any other points. Draw the 
parabolic curve through the points. 

884a. To Draw a Tangent and a Normal 
from a Given Point P in the Curve. Join P 
with the focus F [see 384], and draw PE 
parallel to A B. Bisect the angle EPF hy 'HO, 
which is the tangent. PJ a perpendicular to 
HO is the normal. 

885. To Draw a Parabola, when the Axis 
AB AND AN Ordinate BC are Given. Pro- 
duce CB to D and make BD equal to CB. 
Construct the rectangle CDFE. Divide A E 
and EC into the same number of equal parts 
(say three). Join 4 to 1 ana 2 in EC. From 1 
and 2 in A E draw parallels to A B intersecting 
the other lines. Through the points of intersec- 
tion draw the curve CA. Repeat the method 
for the other part of the curve, as shown. 

The Hyperbola. This curve is the 
locus of a point which moves so that its distance 
from the focus bears a constant ratio (greater 
than unity) to its distance from the directrix. 

386. To Draw the Hyperbola, when ihb 
Major Axis AB and the Foci F and / are 
(3iven. Jn A B produced, and beyond F, take 
any number of points, 1, 2, 3, etc. (It is better 
gradually to increase the distance between the 
points, as shown.) With centres F and / and 
radius 41 describe arcs at a, 6, c, and d. From 
the same centres, with radius Bl, intersect the 
other arcs at o, 6, c, and d. With centres F and 
/ and radius A2 describe arcs at e, /, gr, and 
hy and intersect them with radius B2 from the 
same centres. Proceed likewise with the radii 
43 and B3. Draw the curve through the 
points of intersection. 

387. To Describe ihe Hyperbola, having 
Given the Fogus F, the Directrix DDy and 
THE Vertex V. And at a Point, P, in the 
Curve to Draw a Normal and a Tangent. 
Join FV and produce both ways. Draw Vv 
perpendicular to CB and equal to VF. Draw 
Cv and produce. On VB take any points L, 
My F, Oy etc., and through them draw the 
double ordinates perpendicular to V By meeting 
Cv in 1, 2, /, 3, etc. With centre F and radius 
LI cut the double ordinate through L in a, a'. 
With same centre and radius M2 cut the double 
ordinate through M in 6, h'. Proceed similarly 
for the other points /, /', c, c', d, d'. Through 
these points draw the curve. 

For the tangent, join F with the point P. 
Draw FE perpendicular to PF, and intersecting 
the directrix in E. Draw FP, the required 
tangent. The normal is PG, perpendicular to 
the tangent. 

388. To Draw the Hyperbola, having 
Given 40, haij?* the Major Axis, GH, a Double 
Ordinate, and CD, the Abscissa of the 
Point O or H. Draw the rectangle OHJK 
about CD and GH. Divide OD, HD, HJ, and 
OK into any numlJbr (say three) of equal parts, 
and number the parts as shown. From A draw 
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lines to the paints on QH, and Irom C lines to 
the points on OK and HJ. The intersections ol 
Cl with Al give the points a and a \ und the 
othe? respective intersections give the other 
points 6, b\ through which the curve is drawn. 

Cycloidal Gurvea. A cycloid is the 
locus of a point on the circumference of a circle, 
which rolls along a straight line, and always 
revolves in the same plane. 

The epicycloid is the locus of a point on the 
circumference of a circle, which rolls along the 
outside of another circle, both circles remaining 
in the same plane. 

When the circle rolls along the inside of 
another circle, both keeping in the same plane, 
the curve traced by the point is called the 
hypocycloid. 

The moving circle is the generating circle ; 
the line upon which it rolls is the director ; 
and the point tracing the curve is the generator, 

389. To Draw the Cycloid of the Point 
P IN THE Generating Circle PHM, which 
Rolls Along the Director PD. Divide the 
circumference into any number of equal parts 
(say 12). Through the divisions draw parallels 
to PD, and make the one through C (the centre 
of the circle) equal to the circumference of 
the circle. Divide this parallel into 12 equal 
parts. With 1 as centre and radius CP, cut 
the parallel through F in N, With same 
radius and centre 2 cut the parallel through 
// in O, Repeat the method with 3, 4, 5, 6, 
etc,, as centres. Draw the cycloid through the 
points P, N, 0, T, etc. 

Note. If the point (generator) is not in 
the circumference of the circle, the locus is 
termed a trochoid, and is found in the same 
manner as the cycloid. 

390, To Draw the Epicycloid, the Director 
ADD AND THE Generating Circle, the 
Point P being Given. Divide the circum- 
ference into any number of equal parts (say 12). 
Join L, the centre of the director arc ADB, 
with D, the point where the director touches the 
generating circle, and produce to P. DP is the 
diameter of the generating circle. Measure 
the arc DA equal to half the circumference of 
the generating circle ; this is best done as 
follows : The angle DLA bears the same ratio 
to 180° as the radius of the generating circle 
does to the radips of the director. Thus, if 
DC — 2, and LD = 5, the angle DLA : 180°: : 
2 : 5— t.c., ^DLA ^ 360°, or DLA ^ 72°. Draw 
LA making 72° with LD and produce. With 
centre L describe an arc through C. This arc 
is the path of the centre of the circle when 
rolling, and 6' is the position of the centre when 
P reaches A, Divide 06' into six equal parts, 
1', 2', 3', etc. With centre L describe arcs 
from 1, 2, 3, etc. From centre 1' with, radius 
CD cut the arc from 1 in E, From centre 2' 
and same radius out the arc from 2 in F, Pro- 
ceed similarly for the other points O, H, and J, 
and also for the other half of the curve, which 
is to be drawn through the points A^ J, H, O, 
F, etc. 

W . To 

PmEOTOR 


Draw the Hypooyoxoid ymm the 
ApUl THE Gbnebatiw Circle 


Dp ARE Given. Proceed exactly as in the 
preceding problem. Draw the half curve 
through the points e, g. A, j, and A. 

Miacellaneoua Spirals. The involtUe 
of a circle is the locus of the extremity of a 
perfectly flexible thread unwound from a 
circle and kept constantly taut, 

392. To Draw the Involute of a Circle^ 
Divide the circle into any number of equal 
parts (say eight). At the extremity of each 
radius draw' a tangent to the circle, and make the 
one BF from B equal to half the circumference 
of the circle. Divide BF into four equal parts. 
Make 10 - Bl, 2D ~ B2, and 3F= BZ, Draw 
the curve through the points P, C, D, E, etc. 

393. To Draw an Archimedean Spiral, 
THE Longest Radius, OA , and the Number 
(say Tw'o) op Convolutions being Given. 
Describe a circle wdth radius OA. Divide OA 
into as many equal parts as convolutions 
required (two). Divide the circle into any 
number of equal parts (say six), and draw the 
radii, OB, OC, etc. Divide Aa into the same 
number of equal parts (six). Make Oh ^ 05, 
Oc — 04, Od -- 03, etc. Draw the first con- 
volution through the points A, b, c, d, e, f, a. 
The second convolution is parallel to the first. 

394. To Draw the Ionic Volute, the 
Cathetus, or Greatest Radius, AB , being 
Given. (Goldman’s Method.) Divide AB 
into nine equal parts. With centre A and 
radius equal to one equal part describe the 
circle for the eye CD. Bisect AC and AD in 

I and 4, and construct the square 1 2 3 4. [Sec 
smaller figure.] Join A2 and AZ, and trisect 
.42 and AZ with groat care. Through the 
points of trisection 6, 7* 10, 11, draw lines to 
obtain the smaller squares, .5 6 7 8 and 9 10 

II 12. With centre 1 and radius IB describe 
the first quadrant to meet 1 2 produced in 
F. With centre 2 and radius 2F describe the 
second quadrant to meet 2 3 produced in G. 
Proceed in like manner for the other quadrants, 
being careful to take the centres successively 
as figured. An enlarged drawing of the con- 
struction is given. 

The inner curve is obtained thus: Make 
cb — CB, and the perpendicular 61 — ^1. 
Join c and* 1. Make be — BE, and at e draw 
the perpendicular ef. From A (above and 
below), set off Ag and Ah each equal to e/, 
and construct the dotted square. Trisect ai) 
before for the smaller dotted squares, the 
corners of which are the centres for each quadrant 
of the inner curve. 

395. To Draw a Spiral Scroll by means 
OF Semicircular Arcs, having Given the 
Greatest Diameter AB the Number 
OF Convolutions (say Three). Divide AB 
into six equal parts in 1, 2, 3, 4, and 5. Bisect 
3 4 in (7. With centre C and radius CZ or C4 
describe a semicircle. With centre 3 and 
radius 2 3 make another semicircle. Then with 
C and 3 as centres alternately^ and radii C2, 
Cl, and 3 1, ZA, respectively and alt^nately, 
describe the remaining semicircles. 
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Milk and the Fine Foods Produced from it. The 
Strength and Stimulation Received from Cereals. 

MILK AND BREAD 


W E have discussed the place of food in health ; 

we now proceed to consider some of the 
chief foods in detail. Let us begin with milk, the 
most important, x^^rhaps, of all nourishing foods. 

Man is a mammah and the first food he receives 
should be milk from his mother’s breast. Failing 
maternal milk, ho has to fall back on goat's milk 
or cow’s milk, but milk ho muM have. 

Seen with the naked eye, milk is a white fluid. 
Seen through the microscope, it is a clear fluid 
full of tiny drops of fat. Since it is the exclusive 
food of young mammals in the earlier months of 
their lives, it necessarily contains all the food 
constituents essential for fuel and building pur- 
poses. The figures in the following table give 
the proportions of the chief food coTistituents in 
human milk and cow’s milk. 


Cdiifttitucnts of Milk 

Human 

j Oow 

Proteins 

Per cent. 
1-7 

Per cent. 

3-5 

Butter (fat) 

1 3-4 

3-7 

Lactose 

! (v2 

4-9 

Salts 

j 0-2 

0-7 


Special Characters of Animal Milks. 

We see that there is considerable difference 
between the cornxjosition of human milk and 
bovine milk, and every animal’s milk has its 
own particular comjiosition. The differences 
are essential to the healthy nutrition of each 
particular mammalian infant. Hence, when we 
feed a human infant on cow’s milk, efforts arc 
made, by adding sugar and cream to the cow’s 
milk, to render it more like human milk. No 
efforts, however, can make bovine milk human 
milk, nor cow’s milk as good for a child as the 
milk of its own mother, and no bottle-fed child 
will ever thrive so well as a breast-fed child. 
Apart altogether from quantitative differences 
in the i)roi)ortions of protein and sugar and fat, 
there are qualitative differences that cannot bo 
remedied by any known methods. 

Superiority of Mother’s Milk. Bovino 
cascinogen (in proteins) and human casoinogen 
have been recently shown to be chemically 
different, and they form different curds in the 
I>rocesB of digestion. Moreover, it has been 
proved that, no matter how we doctor cow’s 
milk, it is never digested in the infant’s stomach 
so rapidly as human milk. 

A very important difference between cow’s 
milk and woman’s milk, not shown in the above 
table, is a difference in the amount of the 
protein compound of phosphorus^ known as 
“lecithin.” lecithin is found mainly in the 
brain and nerves, and is used in the building of 
these. In cow’s milk only 1*4 i)er cent, of the 
total protein contents is lecithin, whereas in 


human milk 3-05 of the protein contents is leci- 
thin. The amount of lecithin in the milk of 
any animal seems proportionate to the weight 
of the brain of the young animal, and by giving 
an infant milk with enough lecithin only for the 
brains of a calf we may be x>ermanently weak- 
ening its brain and nervous system. 

The salts, too, of j^otash and soda and lime 
and iron in the milk of any animal seem to be 
gathered from the blood in a very marvellous 
way, so as to corresxjond in their x)roportion 8 to 
the salts in the young animal’s tissues. Com- 
pared in respect of constituent salts, wc find 
great differences between the milk of a woman 
and a cow, and an infant fed on cow’s milk is 
not getting, salts in the right prox>ortion that his 
tissues require them. 

Lately, too, the German scientist Khrlich has 
pointed out that the mother passes over to the 
child in her milk any antitoxins against disease 
that she may have formed in her own blood, 
and so the child who is not fed on his mother’s 
milk misses the chance to acquire immunity to 
certain diseases. 

The H.isks of Bottle*Fecl Infants. 

80 -called humanised milk is only a rough-and- 
ready imitation of human milk, and no infant 
can thrive as well on it as on a mother’s milk. 
Apart from the question of mere nutrition, 
bottle-fed infanta are exposed to tho risk of 
poisoning from tho various microbes that are 
liable, even despite care, to infect feeding-bottles, 
and are less able to resist any disease they 
contract. Thousands of children die every year 
simply because their mothers are unable or un- 
willing to suckle them, and, whether the reason 
be selfishness or feebleness, it is a terrible com- 
ment on modern civilisation — the highest of all 
mammalians unwilling or unable to give mother’s 
milk to its own offspring I 

Milk as a Tissue»Builder. Milk is 
especially a tissue-building food. Tho protein 
called cascinogen is the most marvellous tissue- 
building substance we know. In it arc repre- 
sented practically every substance that is used 
in building up the other proteins of tho body. 
Fed only on milk, a rabbit doubles its weight in 
six days. Realising its building importance and 
their own small build the Japs are encouraging 
cow-kceping and milk-drinking. 

Milk is therefore essentially tho food of 
growing animals, but it is also one of tho best 
foods that adult persons can take, and the 
almost universal use of milk, butter, cream, 
and cheese shows that the instincts of mankind 
have taught them its value. It docs not, how- 
ever, contain sufficient sugar and fat to supply 
in itself, unless taken in very largo quantities, 
all tho energy-fuel required by a vigorous adult. 
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but in combination with bread or porrid^ or 
farinaceous puddings it is sufficient food for a 
Samson or a Hercules. For invalids and bed- 
ridden persons it suffices for all purposes. And 
wc must remember that it is one of the foods 
that stimulate digestive juices even when appe- 
tite is lacking. 

Fat of Milk* The. fat of milk is in the 
form of a fine emulsion, and when the milk^ 
stands fine globules of fat rise to the top of the 
milk, and are known as cream. Otherwise it 
may be separated off, as is done in dairies, by 
a centrifugal separator. The fat. in chemical 
character, is very like the fat of fatty tissue. 

Minerals in Milk. The minerals in the 
milk are chiefly phosphate of lime, which is 
used for making bones, and phosphate of potas- 
sium, which is used for making muscles, but 
there arc also sodium and magnesium salts and 
iron oxide. They are present in various pro- 
portions in animals to suit their various tissues. 

The richness of a milk is judged by the pro- 
ortion of fat it contains. Tt averages about 
•7 per cent., but may reach 4-7, or in Jersey 
cows as high as 7 per cent. Milk in which there 
is under 3 per cent, of fat is cither bad or watered, 
and it is illegal to sell it. 

How to Take Milk. When milk is 
swallowed, the first change that occurs in the 
process of digestion is the formation of a curd 
consisting of clotted casein. This clotting is 
produced by a digestive substance called rennin, 
and can bo also produced outside the body at 
body temperature. Sometimes the clot formed 
seems specially tough and dense, and the diges- 
tion seems unable to proceed further with it. 
Tough curd can be prevented by diluting the 
milk with soda-water or lime-water, or by 
sipping it slowly and thoroughly insalivating it 
before swallowing it. Milk should not be gulped 
down ; it is not so much a liquid as a solid food. 

There is a great prejudice in favour of drink- 
ing milk between meals and avoiding it at meal- 
times, but it is really best to take it at meal- 
times, along with other food ; and the fashion of 
drinking it at luncheon or dinner instead of 
beer is steadily spreading. 

Some foolish people, forgetting their infancy 
and childhood, declare they cannot digest milk. 
That is usually a fancy. If milk has not been 
drunk for a long time there may be some defi- 
ciency of rennin, perhaps, but a little persistency 
will get over that. Milk is really a most easily 
digestible food, and, as Pawlow has shown, it 
not only by its pwn chemical character stimu- 
lates the digestive juices requisite to digest it, 
but it is digested with a smaller expenditure of 
gastric juice than any other food, so that alto- 
gether it is almost an ideal food. 

Milk and Microbes.^ But milk has one 
very great drawback. It is % good food not 
only for baby boys and baby ^rls, but also a 
spUndid food for microbes. Microbes that fall 
into it parish exc^ingly, and produce enor- 
ff^nilies in a very short time, 
^ncoyered for some time we 


know it becomes sour, and tfaatis owing to chemi- 
cal changes produced in it by bacilli that 
into it and flourish there. 

The bacilli that turn milk sour are not harm- 
ful ; sour milk is quite wholesome ; but there 
are many others that drop into milk and multiply 
and spread disease and death. A few typhoid 
microbes may drop into a milk-pail, or a thirsty 
fly may bring them on its dirty feet, and they 
multiply in the milk, and may fill a whole village^ 
with cases of enteric. Worse still, the microbes' 
of tuberculosis may drop in, brought by flies, 
I)erhap8, or coughed in by a consumptive dairy- 
maid, or contributed by a diseased udder, and 
the result is that the children who drink the 
milk get tubercular glands and joints and lungs. 
Cows arc often tuberculous, and 10 per cent, 
of London milk was recently found to contain 
living and virulent tubercle bacilli. Adults may 
also get tuberculosis in this way, but as a rule, 
the hydrochloric acid in their stomach kills the 
microbes. The children are the chief victims. 

The Need for Boiling Milk. Unfor- 
tunately, byres and dairies are often very 
dirty; cows are often very badly kept, and 
milk-pails and milk utensils are not properly 
sterilised, so that every opportunity is given to 
disease germs to do their deadly work. Even 
under the best conditions and the most careful 
ordinary precautions milk cannot always be kept 
free from contamination, and it is safest and 
best to drink no milk that has not been boiled 
or Pasttmrised. In most Continental countries 
milk is boiled as a rule. In this country boiled 
milk is the exception, but milk ought always 
to be boiled or sterilised. There is an idea that 
milk that is boiled is spoiled, or at least becomes 
less nutritious and less digestible. There seems 
some likelihood that boiled milk is not quite so 
easily digestible nor so nutritious as raw milk, 
but the same difference is found between raw 
and cooked me*at, and yet we continue to cook 
our meat. Even if milk be rendered a little 
less nutritious and a little less digestible, it is 
better to put up with that than risk swallowing 
a few millions of disease microbes. 

Goat’s Milk. Goat’s milk is sometimes 
used instead of cow’s milk. It has more protein 
and more fat, but less sugar. The public, as a 
rule, have a prejudice against it, and think 
that it has a strong and disagreeable flavour, but 
if the goat be carefully fed its milk has practi- 
cally no odour, and the fact that the goat does 
not suffer from consumption is a strong argument 
in favour of its milk. 

Cream. Cream is mainly the fat of the 
milk, but it contains also }>rotein, milk, sugar, 
and mineral matters. It is one of the most 
nutritious a^d valuable fati we know. Its value 
depends chiefly upon the facts that it very closely 
resembles the fats of the body, and has such a 
melting-^int that at the temperature of the 
body it is just on the verge of melting. It is 
really a much more suitid>le form of fat for 
fattening and energising purposes than the well- 
known ^-liver-oil fat . 
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Skimmed Milk. Skimmed milk is the 
residue left wlion the cream has been removed ; 
it contains most of the protein, but very little 
fat. It is, therefore, more useful for building 
than for working purposes, but if fat in some 
other form or carbohydrates be added to the 
dietary it is a most valuable and economical food. 

Protein of Milk. The protein of milk, 
as we have said, is the best tissue- builder known, 
and contains every kind of brick, so to speak, 
that can bo built into the edifice of life. It is 
quite easy to separate it from the milk, dry it, 
and use it in powder form ; and many prepara- 
tions of dry-milk protein, such as protenc, 
casumen, sanatogen, and plasmon, are to be 
bought. Sanatogen contains, in addition to 
protein, 5 per cent, of glycerophosphate of 
sodium. These dry preparations of protein 
enable us to avail ourselves of the protein of 
milk in large quantities without adding too much 
fluid to the system, and in so far they are useful 
and good. They can bo added with advantage 
to cereals and vegetables deficient in protein. 

Butter and its Allies. Butter is made 
by churning cream which is beginning to turn 
sour. It is practically concentrated cream, and 
contains, like cream, fat, protein, and sugar. 
Like cream, it is one of the most dig(^stiblo and 
nutritious of fats, ijiko all fats, it has a high 
fuel value, and one pound of butter yields over 
2000 calories. It is very serviceable in cold 
wcatlu^r to keep up the tomperatiire of the bo<iy. 

Butter-milk is veiy much the same as sour 
skimmed milk. It is the sour fluid left in th<» 
churn after the butter fat has been removed, 
and contains almost the same percentage of 
protein as pure milk. It has therefore tronsider- 
able nutritive value, and the lactic acid it con- 
tains makes it a refreshing drink. 

Margarine or oleomargarine is a butter pre- 
pared from animal fats. It contains the same 
ix*rcentage of fat as butter, is very similar in 
its chemical character, is equally nutritious, 
much cheaper, and keeps better. 

Cheese. Cheese is the clot of milk compressed 
into a solid form. It contains on an average 
about equal parts of water, fat, and protein ; 
but cream cheeses contain a larger percentage 
of fat, and different cheeses vary in their per- 
centage composition. The nutritive value of 
cheooe is very high : a pound of cheddar cheese 
contains all the protein arid most of the fat in 
one gallon of milk, or twice as much nourish- 
ment as is contained in a pound of beef. Owing, 
however, to its concentrated character and the 
largo quantity of fat it contains, it is not very 
resdily digestible, even though it contain diges- 
tive ferments that aid in the digestion of other 
foods. It can bo rendered more digestible by 
grating it, or by carefully masticating it. The 
flavour of cheese depends on chemical products 
generated by the bacteria that grow in them. 
These bactena are said to “ripen” the cheese, 
and are often grown specially and added. 

. Next in importance to milk as food for man 
opme the cereals. The mort important are 
wheat, oats, maize, and rice. 


The Dominance of Wheat. Wheat is 
the most valuable cereal grown. On it is built, 
in great measure, our modern W estem civilisa- 
tion. The whcatfields are the great factories 
where the sun is manufacturing energy for the 
dominant races, and these races owe their 
dominance largely to the energy supplied them 
by the wheat. Wheat is a bettor food than 
rice, and whoat^eaters must always bo superior 
in mental and physical energy to rice-eaters. 

In the United States alone there are more 
than .30.000,000 acres of wheat-land, and in 
Canada there are many millions more. So long 
as wc can get wheat, wo are fit to hold our place 
in the van of civilisation, but if ever wheat fail 
us wo shall probably decline to a lower level of 
energy. It is strange to think that proud man 
should be so dependent on the grass of the field. 

The Parts of' a Wheat Grain. The 

grain of wheat consists of three parts, the ^ erm^ 
the erulosperm, and the Iron; and when the 
wheat grains are ground into flour, flours of 
different character can be prepared according 
to the proportions of germ^ endosperm, and bran 
contained in the final product. The nutrient 
value, again, of the flour depends on tho pro- 
portions in which these three parts of tho grain 
are retained, for the germ contains most protein, 
the endosperm most starch, and tho bran most 
mineral salts and cellulose. 

As a rule, tho germ is roj('cted because it 
contains a fat that is apt to turn rancid, and the 
bran is rejected booauHo it makers the bread 
brown and coarse. The flour therefore produced 
by milling processes contains more starch, less 
protein, less cellulose, and less mineral salts than 
the natural grain (contains. Tho diminution of 
the prot(*in diminish(‘s tho value of the flour as 
a complete food, since it reduces tho protein 
below tho level necessary to sustain life, and 
processes have been invented to retain the germ, 
and thus include more protein. 

Hovis flour, for instance, is a flour containing 
the germ. A ferment in tho germ is destroyed 
by superheated steam, and the fat is also treated 
with superheated steam to sterilise it and pre- 
vent it from turning rancid. 

The Mistakes of Millers. Tho efforts 
of millers, however, have been directed to obtain- 
ing a very white, starchy flour to please tho eye 
of the ignorant pubfia, with a consequent reduc- 
tion of the nutritive value of tho wheat. Not 
only 80 , but it has lately been discovered that 
the most refined while flours used in bread- 
making lack the substance “ vitamine ” which 
we have previously mentioned, and thus render 
those who consume them less vigorous and more 
liable to disease. In view of fhis fact a great 
endeavour was made a few years ago to per- 
suade the public to eat bread made of the less 
refined seconds flour, which is darker in colour, 
and contains more protein and also “ vitamine.” 
Bread made of such flour was sold and is still 
sold under tho name of “ standard ” bread. It 
is not so attractive in appearance broad made 
of white flour, and, owing to the extra protein 
it contains, it is stickier and stodgier, but it 
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is better for the health and energy of those that 
oonsume it than the starchy white bread. 

For and Againat Brown Bread* Brown 
bread or whole- meal bread is better than re- 
fined white bread, in that it contains more pro- 
tein, more salts, and vitamine ; bnt, weight for 
weight, it contains much less nourishment than 
white bread, for it contains much more water 
and a considerable propbrtioi^ of indigestible 
bran, which is not only indigestible but hampers 
the digestion of Jihe ’ starch and protein with 
which it is mixed. It is not an economical loaf 


lievos constipation. The extra mineral matter 
it contains may be good in cases of rickets. 

The BaKing of Bread. The baking of 
bread renders it more digestible. The starch 
grains are burst and broken by the moisture 
and heat, and the stickj' and dense mass of starch 
and protein is blown up and broken uj) by 
carbonic acid which is driven through it. The 
(carbonic acid gas is usually a product of yeast. 
Yeast is added to the flour, and, acting on sugar 
in the flour, forms carbonic acid gas and alcohol. 
Tfie alcohol is evaporated by the heat, but the 
carbonic acid gas bubbles through the bread, 
and makes it light and spongy. 

But yeast is not always used. Aerated bread 
is aerated by meahs of water saturated with 
carbonic acid gas under pressure. When the 
pressure is reduced the carbonic acid gas bubbles 
through the dough, and blows it up. In other 
cases baking-powder, made of tartaric acid or 
biturtrate of potassium, with bicarbonate of 
sodium, is mixed with the dough, and gives off 
carbonic acul gas as in the case of an ordinary 
chemical reaction. 

The Limitations of Bread. Bread as 
a food is deficient in two ways. In the first 
place, it has too little protein, and in the second 
place it does not, like milk and meat, excite 
the digestive organs to secrete digestive juice. 
Therefore it is best taken with meat, soup, or 
milk, or soaked in gravy. In any case, it should 
always be particularly well masticated, both 
because mastication provokes appetite-juice and 
because there is a ferment in the saliva which 
digests starch. 

The Indigeatibility of New Bread, 

New bread is very indigestible. It cannot bo 
properly chewed and insalivated. A dry crust 
is much more digestible and nutritious. Toast 
is tastier than plain bread, but if it be soaked 
in butter, as it often is, it is rendered less diges- 
tible. A biscuit is a very good form in'Vhich 
to take flour. Biscuits contain, bulk for bulk, 
less water and more carbohydrate and protein 
than bread, and their very dryness ensures 
fttfl^ient mastication and ii^alivation. ' 
Maoibrbm,*v^TmioelIi, and semolina are prepara- 
tions td ic^taining a large percentage of 
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protein, and are very nutritious ioods. li(a;ny 
patent foods have wheat as their basis. 

Oatmeal Second Only to Wheat. .Let 
us now look at oatmeal. If wheat bo the 
best of cereals, oats are a good second. They 
have been defined as “the food of men in 
Scotland and the food of horses in England, “ 
and the definition has been followed by the very 
suitable retort, “Where else can you find such 
men and such horses ? “ The figures in the 
following table give a comparative view of 
constituents of wheat and oats. 


and have a much greater percentage of cellulose. 
The richncs.s in fat renders oats a more heating 
food than wheat, and rather less easily digested. 
The large percentage of cellulose renders oats 
less nutritious, and rather irritating to the bowels. 
In certain eases of constipation, however, the 
largo residue of cellulose is beneficial. Oats are 
usually taken in the form of porridge or oat- 
cakes ; they do not cohere into bread. 

Quaker and Waverley Oats. Quaker 
Oats and Waverley Oats are flattened and 
crushed between heated rollers so that the 
cellulose is broken and the grains partially 
roasted. This treatment renders the oats moi j 
digestible, and the fat in the oats less liable to 
turn rancid. W e must not forget to put to the 
credit of oats the fact wc mentioned in a previous 
chapter: that the oats contain some mysterious 
substance that has a stimulating effect on the 
thyroid gland, and favours development. 

Maize. Maize, or Indian com, is as cheap 
as wheat and almost as nutritious and digestible, 
but it does not make into bread. Unfortunately, 
it is known in England chiefly as cornflour, in 
which form it has been deprived of its protein, 
and consists almost entirely of starch. It is a 
favourite food for invalids, but it is not suitable 
as an invalid food, and is much more fitted as 
fuel for a working man. 

Rice, Rice is the most generally used of 
all cereals. It forms the staple food of one-third 
of mankind. Its composition is as follows : 
Water, 13*1 per cent. ; protein, 7-9 per cent ; 
fat, 0*9 per cent. ; starch, 76*5 per cent. ; cellu- 
lose, 1*0 per cent. It will be seen that rice is 
much poorer in protein and fat than wheat or 
oats, but much richer in starch. It has little 
flesh-building and little hcat-producing material, 
and is thus suitable for lean^en of moderate 
muscular development working in a warm 
climate. Almost the whole of it is absorbed, and 
it leaves very little intestinal residue. When 
polished it consists almost entirely of starch, and 
loses with its protein the substance called 
vitamine, which is necessary, for health — so 
necessary that the abstraction of it from tho 
rice r^ults in tho disease called beri-beri.” 
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for the poor, but it at leart contains vitamine. It will be seen that wheat is rather richer 
and the bran leaves a rough residuum in the than oats in protein and carbohydrates, but 
intestine, which stimulates the bowels and re- that oats are much richer in fat than wheat. 
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Production of Milk, Cream, Cheese, Butter, and Preserved 
Milk. Dairy Cattle, their Management and Food. 


DAIRY FARMING 


I N this country tho production of milk for sale 
. in its natural condition has become the most 
important feature of dairy farming, elaborate 
machinery, scientifically designed, l)eing employed 
today. The limited si'^e of our islands, with their 
population, practically forbids tho production of 
all the butter and cheese wo require for our 
consumption. Thus, while the importation of fresh 
milk is practically prohibited by time and tem- 
{)orature, tho daily demands of the people make it 
imperative upon the farmer to abandon to a very 
large extent tho manufacture of tho two chief 
products we have named for what in most cases 
is tho more lucrative practice of producing milk for 
sale. There is, nevertheless, still great scope for 
the production not only of more milk, but of more 
butter and choose, and in each case of better 
quality. 

Tho products of British dairy farming are : 

1. Milk for sale. 2. Cream for sale. 2. Butter. 
4. Cheese, which is manufactured in five forms — • 
(a) pressed, (b) bluo veined, (r) unpressod, {d) soft, 
(e) cream. /3. Condensed and other forms of 
preserved milk. 

Separated inilk is also sold in largo quantities, 
and it is known to be largely employed as an 
adulterant of new milk. 

Milk. Milk produced for sale varies in 
quality. In accordance with the Government 
standard, it must contain 3 per cent, of fat. Tho 
richest milk x^ro<i^iccd by farmers and others — 
that from Jersey, Guernsey, and Devon cows — 
seldom finds its way into the market ; it contains 
from 4 1 to TiJ tier cent, of fat, individual cows 
often doing still better, and x^ossesses greater value 
for butter production than the milk of other cattle. 

Cream. Cream is sold in two forms : (1) that 
"vhieh is skimmed by hand or taken from the 
separator, and sold quite fresh or in jars ; an<l 
(2) clotted cream, almost exclusively the production 
of Devon, Cornwall, and Somerset. This material, 
richer in flavour, having been submitted to hent, 
keeps under natural conditions much longer tluiu 
cream skimmed by hand or by the separator. 

Rutter. The butter wo produce varies 
in quality and character as much as in jirice, 
7d. a pound being by no means uncommon in 
somii markets during summer, while Is. 6d. and 
still higher figures are often realised by skilled 
makers, oftentimes amateurs, as tho production of 
a Jersey or a Guernsey herd. British butter may bo 
divided into two categories, that which is produced 
on the farm, and that which is the product of tho 
creamery or factory. Tho average samples of cither 
are, perhaps, not superior to the best kinds imported 
from France and Denmark, but the best brands in 
this country, such as those exhibited at tho National 
Dairy Show at Islington in October, are incom- 
parably superior to anything we import. Wo are 
compelled to admit that our inferior brands of 
farm butter are less palatable than the uniform 
product of the Danes and the Normans, and it is 
for this reason that the character and the flavour 


of our best butter is practically unknown to tho 
average consumer. Tho best imported butters aro 
tho factory brands of Denmark, and tho best 
blended butters are those of France ; following these 
in order come tho products .of (.Canada, Italy, 
Holland, Australasia, Germany, and Russia. 

Cheese. Cheese is made in ^bis country in 
great variety, although to a much loss extent than 
in France. British cheese may be classed as follows. 

Press KD — Cheddar, Cheshire, Gloucester, Derby, 
Ijt‘ieest(*r, Lancashire, Wiltshire Loaf. 

Bi.ue Veined — Stilton, Wensleydale, Cotherstone, 
DoLsc't (chiefly skimmed milk). 

V NPR ESS K D — Caerphilly. 

Soft and Cream. — Yorkshire Curd, Godman- 
Chester, Col wick, Slipcoto, St. Ivol (Yeovil), Cou- 
lommiers, Gervais, Pont I’Evequo (the three last- 
named arc imitations of French articles), and cream. 

Tho most important British cheese is Cheddar, 
which is the ty])e of the product which reaches us 
in such large quantities from (>anada and Australia 
and the United States. Cheshire of fine quality 
13 largely consumed by tho huge manufacturing and 
operative jioxmlation of Lancashire, Yorkshire, and 
(beshire. Leicester in its finest form is the most 
mellow of all British pr(\s8('(l varieties, but tho art 
of making tho best, if not lost, is now apparently 
but little practised. Stilton, made by a limited 
numb(‘r of farmers, the maiority of whom produce 
an inferior article, is practically on the market 
only during a limited season from December 
forwards, although it might and should bo pro- 
duced for sale during tho whole year. Its superior 
quality as comi)arod with tho veined chooses of 
the Continent, notably Gorgonzola, fits it for a 
lucrative and extensive export trade, but it Ls, 
even in our own country, superseded throughout 
tho entire year by Gorgonzola of second and third 
rate quality hailing from Italy. Wensleydale, at 
its best, is equal to the finest Stilton produced. 

Our curd and cream cheeses aro much fewer 
and infinitely inferior to those produced in France, 
in which country tho aoft-chee.se industry is of ^ 
<*norinouH proportions, enabling milk-producing 
farmer.s to realise much bettor prices than aro 
obtained in this country, though tho same results 
are possible. Wo aro content to import Brie, 
Camembert, Ro(|Uefort — a sheups’ milk, blue-veined 
choc'^e — •Pommel, a mixture of cream and milk curd ; 
Port du Salut, which somewhat resembles our 
Caerphilly, although siqierior in (quality, and other 
varieties, all of which it is po.saiblo for our people to 
produce with great profit to themselves. 

Condensed and Preserved Milk. 

Condensed milk is now manufactured both from tho 
pure and the separated milk of tho cow, which also 
produces tho raw material from which various 
brands of dried or powdered milk aro manufac|)ured. 
Beyond tho fact that tho farmer produces the milk 
for the manufacturer, tho preserved milk industry 
has practically no relation to dairy farming. 

Creameries* many years the factorv 
and creamery systems have been extending in all 
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dairy>farming countries, although in Englandr 
perliaps, least of all. The milk is csontributed by the 
farmer, tested on its receipt, separated, tho cream, in 
most well-conducted establishments, pasteurised, 
inoculated with a prepared starter containing the 
bacteria necessary for the production of flavour 
and (quality, and subsequently churned in largo 
(juantities. Next to Denmark, which has led the 
world in this department of the dairy industry, 
Ireland is perhaps the most notable example of 
progress in tho creamery system. 

Value of Bacteria. The introduction of 
the cream separator more than twenty years ago 
by the Swedes and the Danes was almost contem- 
poraneous with the inauguration of advanced 
dairying in this country ; although followed by 
other inventions, it effected a practical revolution. 
Since that time tho discovery that the flavour of 
butter and its keeping qualities are controlled by 
bacteria has enabled tho maker to effect further 
improvements, so that the product of totlay, while 
far in advance of that manufactured by tho past 
generation, will keep for a longer period. Much tho 
same transformation has occurred with regard to 
cheese, which is now manufactured by all competent 
persons on the basis of scientific teaching. 

Progress in one direction, too, has been accom- 
panied by progress in another. The discovery of 
a method of manufacturing an imitation butter, 
known as margarine, by the aid of <Mo, an important 
production of the Chicago stockyards, has led to its 
admixture with pure butter, and conscfiuently to a 
form of adulteration which is now punishable by 
law, but which is often difficult of detection. 

Sale and Yield of MilK. It is also 
instructive to learn that tho farmer still sells 
his milk to the dealer, in spite of the existing law, 
by the barn gallon of 17 pints, practically 2 gallons 
with a pint overplus, which in earlier days was 
regarded as necessary to make up for the loss in 
retailing. Milk is usually sold under contract, 
realising a higher price from October to March 
than during summer, usually Is. 8d. to Is. 9d. per 
barn as against Is. 4d. to Is. fid. 

The dairy farmer’s success depends almost 
entirely upon the productive powers of his cattle, 
and therefore upon his own skill as a buyer or 
breeder, and as a feeder. The average yield of 
.milk in this country, as in America, is about 440 
gallons per cow, which is an insufficient quantity 
to provide a profit. The fact, however, indicates 
that as there are large numbers of cattle which 
yield considerably more — from 1000 to 1200 gallons 
in individual cows, and from 600 to 700 gallons over 
whole hordfl-~numbera of farmers must be owners 
of cows which yield considerably less than 400 
gallons. The dairy farmer is more often than not 
a breeder of his own stock, and ho should mate his 
cows with a bull of a milking strain, whose influence 
will assuredly result in the improvement of the 
milking properties of almost every heifer calf which 
is bom to him ; but this is made difficult in Great 
Britain by tho fact that we have no system of 
recording individual milk production, and no milking 
herd-hook record, such as is kept in tho United 
States of America. 

FeedlniS Principles. Economy in milk 
production may be effected in another direction. 
There is nothing in the management of a herd so 
impoc:tant as a knowledge of the princitiles of feed- 
ing. To rely solely upon the common produce of 

farm— hayv stiaw, and roots— is in these days 
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absolute folly ; yet there are many dairy farmers 
who use neither com nor oake, or who, making 
purchases of both, employ them without jeoognising 
the principles, upon which they should be selected. 

Improvement in Dairy Production. 
Our third proposition relates to the exercise of greater 
skill in the production of butter and cheese. It 
is possible that less than* 10 per. cent, of our fami 
manufacturers of those two products are failing to 
obtain better prices owing entirely to deficient 
knowledge. Dai^ schools exist, and itinerary 
instnictors travel in many counties at the expense 
of the ratepayer ; nevertheless, large quantities of 
English farm butter are sold week by wiMjk at 
much lower prices than are realised by imported 
brands, while the quantities of first-class cheese 
which are obtainable are so small, and of second and 
thin! class cheese so largo, that one is almost inclined 
to despair of the future of British dairying. 

Butter which realises 8d. per lb. — a very common 
price in summer — practically returns, allowing 1.U1. 
a gallon for the skimmed milk, from 4d. to 4id. per 
gallon, whereas when Is. 2d. to Is. 3d. is realised 
— ^and still better prices than these are obtainable 
for first-class Jersey or Guernsey butter — 7d. per 
gallon may bo obtainable. There are two reasons 
for this: the more perfect removal of the cream 
from the milk, and greater skill in manufacture. 
It is precisely the same with cheese. Many makers 
fail to obtain more than fiOs. to 66s. per cwt. 
Others, equally clever in marketing as in' manufac- 
turing, obtain from 758. to 85s., and in exceptional 
eases still higher figures, without adding tho value 
of the whey. 

Marketing. This question, which brings 
into prominent^e tho business side of tho farm, 
is one which is very much neglected. The farmer 
is seldom found circularising the public, or taking 
any steps }»y advertisement or otherwise to obtain 
regular customers with whom he may conduct a 
w'i'ckly retail trade. His cheese is sold to a merchant ; 
his butter, more frequently than not, to a local 
shopkeeper, who is clover enough to obtain a profit 
upon what he buys as well as upon what he sells. 

Among other subjects that may he briefly 
discussed here afe some which dircctl}’' bear upon 
tho economy of the dairy. It is the custom in 
this country to house cattle during the night early 
in Octol)cr, but it has been shown by demonstration 
at the Harj)er Adams College at Newport, in Shrop- 
shire, that where the cows aro kept out of doors on 
the pastures at night to the close of the year, instead 
of bringing them in with October, money is saved. 
This is one among many questions which farmers 
should test for themselves, whatever their practice 
or belief may be. Again, in the rearing of young 
stock it has been demonstrated by tho Officers of 
the Yorkshire College that great saving may be 
effected by feeding calves upon skimmed separated 
milk to which cold-liver oil has been added 
in order to replace tho fat that has been removed in 
the cream. During successive years groups of calves 
were reared to maturity, the^ accounts being 
strictly kept, on two systems of feeding, with wJ^le 
milk and with skimmed milk and oil, and in each 
case the results were in favour of the latter. 

Tho practice of town cowkeepers, who buy 
of tile best that can be found, is to fatten each 
ammal for the butcher as its milk supply decreases, 
with the result that there is 0 continual drain of the 
be^ cows in the country, very many of which are of 
high value as stock for breeding purposes. What- 
ever may be the practice, the Is wrottg. 



Dailey Cattle. The pure breeds of. dairy 
eaHle wnich may bo term^ British are without 
question superior to those of any other country; 
iiMloed» with the exception of the black oattle of 
Holland, generally described as Butch, the Sohwyz 
of Switzerland, and the dairy cow of Normandy, all 
of which are excellent, we know of no cattle in the 
world which arc approximately equal to the best 
of our native breeds. The foreign varieties that 
we have named, however, although largo pro- 
ducers, ^ield milk which is only of meSerate quality, 
and this especially applies to the Butch cattle. 
Benmark possesses two varieties of dairy cow, 
the Jydsk and the Angeler, both useful and economi- 
cal, while the Belgians own an excellent race in the 
Flamande ; but these, again, can scarcely compare 
with the cattle of the British Isles, or with the liost 
of France and Switzerland. 

Improvement of Breeds. Unhappily, in all 
countries the majority of the cows kept by farmers 
are of impure blood, chiefly crosses or scrubs,'* 
which have been candessly bred, and in many cases 
carelessly reared. Whether purity of breed be main- 
tained or not, in order to achieve success in the 
dairy farming industry it is essential not only to 
maintain but constantly to improve the milk- 
producing qualities, and this can only be ac- 
complished by breeding farm-stock, both sire and 
dam, which is of essentially deep and rich milking 
blood. This fact may be illustrated as follows. 


/Jupiter ( 
P.ire8t, /Mercury \ 

151b. Ulphea 

4oz. I 

batter | /Mercury /; 

P®f I NymphcpaJ PhiP.dra,J 
week. VtSlb. 7oz. 1 I91b. 1 

I 12 oz, V 


Mercury /Jupiter / Jupiter 
l^da J EuropaJ Alpbea 


r /Jupiter r J 
J Europa j A 
IlGIb, i 
I 6oz. I 
ull 3 


Cow A, 

3 lb. blitter 
per week 


/Bull 3 
■[ Cow D, 
I 41b. 
/Bull 4 
{ Cow B, 
I 51b. 
/Bull 4 
-f Cow 0, 
I 41b. 

/ B 111 5 
Cow H, 
I, 31b. 


-[ I'ow J, 
\ 3 lb. 


Thus the cow Purest, bred from the bull Mer- 
cury (a son of Jupiter and Alphea, both of high 
butter-producing blood, as the p^igree shows) 
and the cow Alphea, which had already produced 
high butter-making stock when mated with 
Jupiter, produced ISJ lb. of butter per week. 
Again we see by the second pedigree that by con- 
tinually using cows which were small producers 
itnd bulls, neither of which had any 

** butter blood,** wo ^et produce as in . “ Cow A,’^* 
which shows a diminished yield of only 3 lb. per 
W’eck. Whereas if these cows were mated in each 
generation to a bull with milking blood in his veins, 
they would systematically produce offspring which 
would inherit in a more or loss marked degree the 
qualifications which their sires possess. It is for 
a similar reason that the constant employment 
of Shorthorn bulls, which have practically no 
inhj^nt value except for the production of beef, 
while improving the size, form, and meat-producing 
qualifioatlons pf the stock to which they become 
sire,, fails, to impart the milking> property, which is 
so essential on the dairy farm. On the great majority 
qf.famiSt calves are brra from time to time which are 
of liittte ,or no, .ecqoqpi value for breeding or 
^iry fiiiirposes. Such animals should be converted 
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as quickly as possible into veal, and this practice is 
more profitable when they arrive in the spring, and 
can be allowed sufficient milk at a time when its 
value is lowest in the market. 

The Good MilRiog Cow, It is desirable, 
howewr, that we should not bo mistaken as 
si]gge.sting that milk is the only <iualifieation in a 
cow. She po.s.ses.ses an intrin.‘»ic value apart from 
her deep and rich milking properties, and this is 
especially the case among the larger breeds. A 
good milkej*. therefore, should possess good feeding 
projH'rties, a gentle disposition, a mellow skin, 
square build, which combines brt'adth across the 
hips and between the buttocks, depth of body, and 
length, although the milker, contrary to the beef* 
pr<MiuccT, i.s finer in the shoulder, neck, head, and 
horn. Size and constitution are largely obtained by 
the lilx*ral feeding of the calf ; and a leH.son in this 
direction may be advantageously taken from those 
breeders of stock bulls who allow their bull calves 
to- .Mick their dams, or to drink whole milk until 
they hav(‘ completini their first year. 

The best milk breeds are Bairy Shorthorn.s, 
Bevons, Red Polls, Ayrshires, Kerrys, Dexters, 
British Holsteins, Jerseys, and riiiern.seys. 

Management of the Cow. The student 
will find f)ur gimeral remarks on the Rearing and 
Managonituit of Cattle on page JSSo. We therefore 
confine onrselv(‘s now to the special treatment to 
be pursued in ermrieotion with the milking breeds. 

in the ordinfiry way a milking cow should be 
dried six weeks before she is due to calve. In drying 
a cow, a milker begins by omitting a daily milking 
for a f(*w days, and then by omitting to milk alto- 
gether. A week or two before calving — or when, 
owing to her breed or history, milk fever is antiei- 
patecl— a eow of a fleshy breed should bo scantily 
fed, that her condition may be reducwl. If she be 
turnetl out, a poor pasture will serve the purpose 
be.Ht, without any addition to her ration. If she is 
being stall-fed, cake and meal should he omitted, a 
light ration of hay alone being provided, and .she 
should liave plenty of exercise. 

Calving. When calving is near, the cow 
should he watched and kept unticHi night and 
day, either on a jiasture or in a loose- box. Some- 
times, after calving, the “.placenta,*' or after- birth, 
refuse.^ to pas.s, and a veterinary surgeon should 
then b<» called in. 

It sometimes happens that after calving one of the 
teats of the udder is bloekcfl, and refuses to pass 
milk. This is sometimes owing to a chill, some- 
times to the carelessness of a milker before calving. 
It will need careful and gentle manipulation, and 
it may he lu'cessary to strip it, or attempt to strip 
it, every couple of hours through the day in the 
effort to remove the material or cau.se of stoppage. 
Should hand manipulation fail, the calf should be 
tried. In the ordinary way, a calf will succeed where 
man does not, suction being powerfully brought to 
bear. Should there be no good result from either 
course, a .silver tube must bo obtaiiuvl, and, after 
lubricating with oil, very carefully introduced 
into the duct of the tc*at. This will usually pass 
sufficiently far to enable the milk to flow, hut the 
pa.s8age may close again unle.ss the greatest possible 
care be exercised. 

Another trouble is the hardness of the udder, 
which may arise from one of various causes. Here, 
too, the calf’s assistance is often important; and 
although it is the practice of many breeders to 
remove the calf at birth, and to feed it from the 
pail, it had bott^'r bo left with its dam in such a 
case, that, by its repeated sucking and punching, 
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tho uddor mav return to its normal condition. 
Failing . the calf, hand rubbing with oil or goose- 
grease is often found effectual, but in all castes the 
udder should be stripped of milk every three hours. 

Colostrum. The first milk drawn from a 
newly calved cow is of much deeper colour than 
normal milk. It is known as colostrum, and is 
unquestionably valuable for tho calf, upon which it 
acts medicinally. Colostrum is extremely rich in 
solid matter, especially casein and albumin. The 
solids may reach 25 to 28 per cent, against 13 in 
normal milk, while tho casein and albumin may 
reach 15 to 20 per cent., against 4 per cent, in 
average milk. 

Abortion, or slipping of tho calf, is one of tho 
.accidents and misfortunes of tho dairy herd. A 
cow purchased in the market or elsewhere may be 
infected, and, if the fact be unknown, may remain 
with the herd in her new home, and infect the cows 
around her [see page 2415J. No trouble should be 
regarded as too great in a case of this kind, for 
abortion in the herd has often ruined a farmer. A 
cow which has aborted should be fed for the iMitchor, 
as there is some risk of infecting the bull, and 
through him the whole henl. 

Hreeding. When a farmer ))reeds his own 
stock, ho must decide at what age and under 
what conditions his heifers should be mated. A 
heifer which is undersized, raw, and still growing 
had better wait until from 19 to 21 months, but 
large-framed beasts, which are practically mature 
enough for bn^eding, may undoubtedly lx> intro- 
duced to the bull at 18 months. A heifer should 
never be retained for breeding if she be unhealthy, 
or, indeed, if she be not robust. Xt is far wiser to 
feed her for the butcher. Much is accomplished by 
good feeding from birth; maturity is hastened, 
strength is imparted, and an animal may he brought 
into the dairy as a profitable servant at the age of 
2\ years instead of years or lat(‘r. There are 
too many who fail to feed well, and who allow their 
young stock to graze upon poor pastures, in the 
belief that they arc saving money by the practice. 
Ungenerous feeding is, however, uneconomical. 
In tho case of tho males of a herd, a young bull may 
prove infertile from lime to time owing to tho 
scanty way in which ho has been fed. 

In the vast majority of cases, cows calve in 
spring, but tho farmer is able to control the period 
of calving in accordance with the value of the 
calf or of the milk. The chccsemakcr, requiring 
milk from April to September, prefers the spring- 
calving cow ; tho milk-seller, who caters for winter 
prices, often prefers the autumn calver, and he may 
obtain a larger yield at a time when it returns him 
the most money. It is important, therefore, that 
where cows are to calve at given periods, the bull 
should bo confined to a box and yard, and only 
used when tho cows are in season and at the right 
date. Where the cows calve in spring, labour is 
reduced, together with the cost of feeding, for the 
herd, being on the pastures, are pretty much left 
to thomsolvos. In wdnter, however, the milking 
cow is stall-fed, and this not only involves greater 
cost but demands greater attention at the hands of 
both owner and men. As wo shall see, however, 
some hand^feeding in summer is im()ortant, and, 
indeed, imperative. 

Points a Purchaser must Look For. 

It is important in x>urchasing a cow that no mistake 
shodld made as to her value. There is ho lesson 
in this which can compare with experience, 

but a f<!^,i^brds Win help even the experienced 
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buyer. Tho animal [see page 1757] should be largo 
for her breed, with a capacious belly, breadth across 
the hips, a straight back, depth of loin, widtho be- 
tween the buttocks, fine shoulders and neck, a long,’ 
fine head, powerful muzzle, and fine, shapely horns 
characteristic of her breed. A short, thick cow 
with a deep brisket, coarse head and nook, heavy 
shouldelrs, and groat fleshy charact-or should bo 
rejected, especially if tho udder be small and narrow. 
She should be healthy, quiet, gentle, chewing her 
cud when at rest — a very gocxl sign of health ; her 
honis clean and without many wrinkles, her tooth 
sound (worn teeth and wrinkles on the horn indicate 
age), and provided with a well-formed, largo udder 
with a silky covering much shrunken after milking. 

Tho size of the? udder is not an absolute guide to 
milking power, and therefore in purchasing from a 
Xjrivate buyer on the farm it is wise to sec selected 
cows milked morning and night, and to take the 
precaution not to inform the seller when a visit for 
the purpose will bo made, or the animals may 
possibly be “ stocked ” for the purpose — ^that is, 
unmilked at the x^revious milking time. A good 
cow milks well to the last ; nevertheless, a very 
heavy yield with one calf may be followed by a 
much lighter yield with tho next, although later the 
return is alm()st certain to bo good. There is no 
empirical method of selecting a good milker. TIuj 
best judges are often deceived by appoaranees. A 
healthy cow has warm ears, a loose, mellow skin, 
horns warm at tho base, and dew on her nose. 
It should be noted that a cow always grazing 
]>ushes her teeth through more rapidly, whereas 
f(‘d in the stall she has less use for her incisors, 
which may in consequence appear later. 

Care of Stock. Although the xuactico is 
most uncommon, cows should bo daily groomed, 
scraped in winter, and washed, if necessary, to keej) 

I he flanks and buttocks clean. Ax)art from grooming, 
tho coat should bo washed at least once a week with, 
soax^-and-water, to which a small quantity of carbolic 
aei(l has been added. One x>art in fifty will destroy 
parasitic life. Should ringworm af)pear in cow or 
calf, immediate and persevering attention should bo 
given, few complaints being more* obstinate. The 
etlges of the erusl of tho growth may bo removed a 
little at a time, and the whole daily rubbed with 
e4irbolic or mercurial ointment, which, however, 
fails to ijcnctrato the crust itself. 

The Byre. The buildings in which cows arc 
stalled, milked, and fed vary in design. They are 
described on j)age 2811. 

The cows may be tied to the stalls in one of many 
ways. A common i)lan is to affix a vertical iron 
rod right and left with screws at each end to each 
partition. A chain is attached to this rod by a 
ring that it may slide from top to bottom, and thus 
each cow is fastened when tho chain is passed around 
her neck to the x>artition next to which she stands, 
and is able to feed from the manger without too close 
contact with her neighbour. Food receptacles, 
however, whether manger or racK, arc provided in 
numerous forms, and the remark equally applies to 
the various methcxls of changing tho cows, esxwcially 
in the United States, where they are in many cases 
most ingenious. An advantage . of the firebrick 
manger is that if a tap be fixed at one end, and a 
pip© and plug at the other, the whole may be‘ flushed 
out with water and cleaned, while, when necessary, 
it may be partially filled with water for drinking. 

The walls of tho cowhouse should bo periodically 
lime- washed, and the floors" ‘disihfectod daily*; 



where the latter are made ol burnt clay or 
^briok, and grouted in cement, they should also 
be with water. In winter the stalls may be 

Uttered with straw — oat straw is best, especially as 
a portion wiU bo consumed by the cattle — with peat 
moss, or oven with sawdust or shavings, if other 
materials bo not obtainable, although the latter do 
not make the best or most desirable of beds. 

It is essential that boxes should be provided 
for calving cows, calves, and sick cattle, all of which 
should be weU lighted and ventilated, luit kept free 
^Tom draughts. 

Storing and Preparing Cattle Fodder. 

A food store and mixing apartment where a number 
of cows are kept is required, and it is a good plan 
to construct this in the centre of tho cattle building. 
The floor should bo of concrete, and arranged so that 
the pulped roots, tho chaff, tho cake, and the meal or 
grains used may bo close at hand, ready for mixing 
in a heap morning and night. The mixture is 
usually allowed to remain heaped for twelve hours 
that it may ferment. Being thus Warmed, it is 
carried, either in tubs or baskets, a galvanised iron 
barrow, or a tramcar, direct to the cattle. 

Whore many cows are kept the small steam 
or oil or petrol engine described on page 2812 may 
be used with advantage. There should he a loft 
or store overhead, and here tho chaff-cutter may be 
fixed, the hay or s'raw being delivered from the 
outside of tho building, and the chaff, as it is needed, 
passed below through a trap-door in the floor. A 
oelt attached to the shafting which drives the chaff- 
cutter will serve to drive the ])ulpcr and tho corn- 
mill ; hence if a store for roots bo conveniently 
placed, into which they may bo delivered by tho 
carts from tho field, and if the grain to be ground 
bo stored in the loft, tho food may bo conveniently 
prepared and mixed as occasion requires. 

When and How to Milk Cows. CWs 

should be regularly milked, whatever the hours fixed 
may bo, but it has been shown by experiment by 
milking at three periods — 6.30 a.m. and 2.30 p.m., 
6.30 a.m. and 4..30 p.m., and 6.30 a.m. and 6.30 p.m. 
— that although the yield was practically the same 
in each cose, the mixture was richer when drawn 
at the first two periods. Except when milked 
twelve hours apart, or thereabouts, the milk of the 
evening is always richer than that of the morning, 
i Milkers should bo encouraged to milk with dry 
hands, otherwise tho practice of dipping the fingers 
into the pail is regularly followed. The practice is 
not only disgusting but contributes to tho non- 
keexung power of tho milk thus contaminated. 

When the milkers enter the cowhouse early on 
tho winter’s morning, the cows may be supplied 
with a little sweet hay or, if the owner prefers, 
with their morning’s mixed ration. Tho udders 
are then cleansed, the milkers wash their hands, 
don their overalls, and draw tho milk in pails 
which have been cleansed overnight and left in 
the air. After milking, and when tho food has 
boon consumed, the cows may bo turned out 
either to graze and drink, or, when the weather is 
severe, for oxerciso and drink. After breakfast the 
men proceed to clean out tho stalls, gutters, and 
houses, and then to prepare tho ration for the 
following day. In summer tho cows remain in the 
fields, but attention should be given to gates, 
fences, the water supply in ponds or streams, to 
posable gap^ in hedges, and, where fomge crops, 
fuoh aa vetches, rye grass, trifolium, clover, lucerne, 
cabbage, or ndfiae ari provided, to the cutting of 
the food ,wd ponv^anoe either to the pastures 
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where the cows are grazing or to tho mangers. It 
will usually be found essential to allow the forage 
mown in the morning to remain until the next day 
before it is supplied, that it may lose part of its 
moisture, otherwise hoven [see page 2416] may 
follow, especially when this form of feeding is begun 
and when, tho food is young and succnilent. 

Necessity for Keeping Records. 

The system of recording the milk yield of each cow 
should 1)0 followed on every farm, 'rhero is no 
other method of ascertaining her intrinsic milk 
value. As tho milk is drawn from each animal 
the pail should bo placed upon a scale, tho net 
weight ascertained, and marked on tho reconl- 
sheet on the wall. A glance at such a sheet daily 
will suffice to satisfy an owner, or to indicate, when 
the yield suddenly falls off in a particular case, ^ 
whether tho cow be in season or suffering. The 
practice of measuring is misleading, and should 
never bt* followed ; weight is the only certain factor ; 
and a gallon may be estimated as weighing 10 lb. 

Food for Dairy Stock. In supplying food 
to tho cow, it is more advantageous, because 
more economical, to provide a mixed ration, 
where tho animals arc stall-fed, than fo(Ml of one 
particular kind. Crass is tho most important food 
of tho cow, and it is im[)ortant in proportion to its 
quality and variety. Tho term is applied to the 
herbage growing in pastures and meadows, and is 
therefore a nlixtiyre of many plants. Although cows 
may graze during a largo part of the year, tho 
herbage is more or less abundant only between 
May and October; and unless the land l)e over- 
stocked it is during this {)eriod that they improve 
in condition and yield the largest quantity of 
milk. Tho value of grass, like hay, de(>erids largely 
upon its richness in digestible albuminoids, and 
the proportion of those materials present in a 
Ram])lo is greater when tho grass is young. It is 
commonly necessary to supply cows either with 
green forage, crops to supplement grass or with 
meal or rake in order to increase tho amount of 
albuminoids in the food. 

Hay. In many parts of England hay forms 
the principal part of the winter ration. As we 
have Ht^cn, it varies in quality with the age and 
character of the grasses from which it is made. 
GcmkI hay is the Ixjst balanced of all dry foods. 
Owing to its fragrance and sweetness it is agree.ab]e 
to stock, and from this point of view cannot bo 
replaced, but for the production of butter and 
cheese it is inferior to grass. 

Forage Crops. These crops, without ex- 
ception, arsless well balanced than grass, and there- 
fore less useful when supplied alone. Unless they be 
mixed, as where oats or rye are grown with vetches, 
they should bo supplemented with caUo or meal 
to prevent loss by waste*. Foods like lucerne, 
vetenes, and clover, which are exceptionally rich 
in albuminoids, should be supplemented by a dry 
food rich in carbohydrates, while foods like green 
maize, rye, and cabbage should in their turn bo 
supplemented with a rich albuminous food like 
cotton-sced meal, bean-meal, or pea-meal [see 
table, page 2678]. 

L.eguminoua Crops. Among the legu- 
minous crops which are most suitable are 
lucerne, sainfoin, vetches, and the clovers. 
Lucerne [page 2676] should, however, be given 
with foocl rich in starch. Sainjoin yields 15 tons 
to 17 tons per acre, and is twice cut. Like luoeme, 
it makes superb bay, and is suitable for cows, 
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especially when ricc-moal or maize-meal is added. 
ViicJies or Tares are only once cut, although wlien 
cut early a small growth follows. The winter 
vetch seed, mixed with oats or rye, provides a 
more suitable food for cows, coming early in spring,, 
when they may be followed by spring vetches, 
which arc good in late summer and autumn. Like 
all similar succulent forage plants, the vetch 
should be cut a day before using. The various 
Clovers fimge 2676] should bo mixed with grasses 
or fed on the pastures, or, if in stalls, supplied in 
conjunction with meal rich in starch. 

Roots and Tubers, Of these the Mangel 
[page 2677] is the most important, although it is 
generally supplemented bv the swede in North 
Britain. From 20 lb. to 60 lb. daily may Ix) supplied 
to each cow from January onwards. The yellow 
tankanls and globes are preferable to the long re<ls. 

Swedes and Tvmips are commonly used for 
dairy stock. The approximate percentage of dry 
matter in sugar in the various bulbs referred 
to is shown by the following figures, the result of 
the work of the late Sir Joseph Gilbert. 


Hoots 

Dry 

SiiK;ir per cent. j 

matter 
per cent. 

In freah 
roots. 

In dry 
matter. 

White turnips.. ' 

1 8-0 

:»ito 4 A 

.41 to 53 

Yellow turnips. . 

1 9-0 

4 to 6 

to 56 

Swedes 

1 11-:) 

6 to 7 

55 to 64 

Mangels 

1 J2‘6 

74 to 8i 

CO to 68 


Swedes and turnips may be pulp(‘d, sliced, or 
cooked for mixing with the cow^s ration of chaff, 
greens, and meal. 

KohUrabi is but little used, although those who 
grow it for cows speak of it in high terms. It keeps 
well throughout the winter, and communicates 
no ill flavour to the milk. 

Probably owing to its sweetness, the Carrot 
is much relished by milking cows. Owing tc) the 
richness of the carrot in carbohydrates, it should 
be siipplcmonted, when supplied in largo quantities, 
by foods, such as cotton-cake, which are rich in 
albuminoids. The crop, when carefully stored, 
keeps well through the winter. The leaves may be 
fed with advantage. 

The Parsnip [page 2677] provides 12^ per cent, 
of digestible dry matter in its roots, 11 J per cent, 
in its leaves, of which in each case about 10 
cent, are carbohydrates and 1^ per cent, albu- 
minoids. It keeps w’cll, but is not so mu^h relishcil 
as the carrot. 

The Potato crop, when abundant and cheap, 
is frequently employed, either cooked or raw. 

Concentrated dVy foods are chiefly the 
by-products of the milling of grain, oil extraction 
from seeds, and the manufacture of sugar, starch, 
and alcoholic drinks. 

The Right Use of Different Cakes. 

Linseed Cake is more u.soful for mixing with 
cotton-cake than for employment alone. It is of 
high value in the rearing "of young dairy-stock. 
The product of the cotton-seed is used in three 
forms for cows — as meal, decorticated cake, and 
the common or undeoorticated cake. The last- 
named is hiffhlv fibrous, and, if less costly, is much 
leaa^.eoonomual. The meal and the best cake are 


highly relished by cows, are of great value for milk 
and butter production, and are believed to make 
butter firmer than any other food. 

Pape Cake possesses a disagreeable flavour, 
although very rich in feeding matter. Owing to 
the small demand, its price is low, but when .used 
for cows patience must be exercised in inducing 
them to eat it readily. Soya-Bean Cake has a 
high feeding value, but tends to make the butter 
soft. Another useful food, but little used in this 
country, is PaVm-nui Cake, which is readily eaten 
by COW’S and is extremely rich in oil. 

The Feeding Qualities of Meals* Bean- 
meal is higlily nutritious, and useful for employment 
with roots, cabbago, straw, inferior hay, rice, or 
maizo-moal. Pea-meal is richer than bean-meal, 
and may be similarly employed. English peas, 
however, like English l^ans, are usually too costly 
for cows: hence imported. pulse is employed. IjerUils 
are frequently placed on the market, and, if poor 
in oil, are rich in the other feeding constituents. 

Bice-meal is extremely rich in starch, and should 
l3e used on that basis alone. Gluten Meal is a 
residue in the manufacture of starch from maize. 
'I’his is an American product, of high value when 
pure. Bran [page 2679] is a valuable addition to the 
ration of the cow. Sharps or coarse pollards^ like 
middlings ^ whu^h are still liner, b\it richer in starch, 
are both useful foods when prices are low, and, 
although less laxative, they are as rich and as sweet 
as bran. Maize-meal is a highly concentrated and 
valuable food, largely used when the price is low. 
Compared wdth the oat, it contains 50 per cent, 
more feeding matter, weight for weight, when 
prices are identical. Maize -meal is especially 
valuable when cows are fed upon hay, herbage, or 
forage crops unusually rich in albuminoids. Maize 
Germ Meal is rich in all the feeding constituents, 
and is a very useful addition to the ration. 

Oats, although a costly food, owing to its low 
weight, its jirice per bushel, and the proportion of 
husk or fibre, is most valuable for milk production. 

The Best Ways of Using Grains. 

Grains are obtained from distillers and brewers 
in a wet, and fropi merchants in a dry or desiccated, 
form. They mix well with chaff and other foods. 
Dried grains may bo used wdth confidence and 
success if the water })0 carefully added a day 
before they arc to be us(*d. Brewers’ grains aro 
richer in phosphoric acid and lime than the barley 
from whicli they are prwiuced. Malt Culms, Germs, 
or Sjnrouts are the small, dead radicles of barley 
which has boon malted. They aro sweet, of agreeable 
flavour and odour, and well adapted for mixing 
with chaff and pulped roots. 

Straws, their Qualities and Uses. 

The straws of cereals and pulse are of high 
value, inasmuch as they provide the padding 
which is so essential in the feeding of an animid 
w’ith such a capacious stomach as the cow. The 
best straws aro oat and pea, ^ut wheat, bean, 
and vetch straw aro sometimes used. All straws 
aro preferably chaffed or chopped for mixing 
with rations. The chief feeding constituents are 
the carbohydrates and the cellulose, of which 
about one-half aro digestible in the cereals and 
slightly more in the, pulses. The pulse straws 
not only provide more feeding matter, but they 
are richer in albuminoids. 
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• The Paraffins and their Derivatives. Varieties of Alco- 

holic Fermentation. The Sources and Uses of Alcohol. 

THE PARAFFINS AND ALCOHOLS 

Bthane. After methane we have to study this homologous series, os it is called, that the 

ethane, which is the next simplest compound of difference between any two successive members 

carbon and hydrogen. This already illustrates for is always CH^. Further, we notice that there is 

us the remarkable power which carbon possesses a constant ratio between the number of hydrogen 

of combining with itself. The formula of ethane atoms and the numlior of carbon atoms. The 

is This empirical formula, however, tells former are always twice the number of the 

us nothing as to its constitution. It can be latter plus 2 . Hence we can make a general 

obtained from a product of mc^thane by a method formula for the whole series of paraffins, using 

which wo have not space to consider, but it the letter “n” to indicate the number of carbon 

consists of two groups of atoms which have the and hydrogen atoms. This formula evidently 

formula CH.j. This group, or radicle — radicle, will bo 

of course, means a little root — is known as methyl, + 2. 

and ethane may therefore be called dimethyl. Our study of the composition of the paraffins 
since it consists of two methyl groups. Instead will suffice to explain why the higher members 

of using the empirical formula we may write of this series are so extremely valuable as source' 

what is called a constitutional or rational formula, of light, heat, or other forms of energy, 

in a fashion which clearly expresses the ^onsti- Obviously tlio whole of their substance is oxidis- 

tution of the molecule — : able ; they contain no oxygen whatever, in the 

H .C OH j. first place ; and they contain an extremely high 

Evidently this expresses much more than the proportion of hydrogen, which is the most 
mere empirical formula, nor is there any need for effective of alP*fucls. 

us to take the matter a stage further and use up Product* of the Paraffins. We must 

space in figuring the graphic formula, since the embark upon a long voyage in order 

reader can construct or iin^mo this for himse f. j,, .^^uaintance of a ‘wliole host of 

Ho will then notice an illustration of the remark- important compounds which are derived from 
® atom can combine paraffins. But w^o shall not encounter any 

directly with another withm the molecule. difficulties if we kcej) the graphic 

The Paraffins, Ethane is a colourless, formula of methane clearly in our heads. It 

odourless gas resembling methane, and burning really contains the key to ail that is to follow, 

with similar products. From it there can be The Paraffins and the Halogens, 
produced, in a fashion similar to that which kni ^mong the simiilcst derivatives of the paraffins 

to Its own production, another body having a ^^e those in which atoms of the halogens arc 

similar type of constitution. In fact, there is sulistitiitod for atoms of hydrogen. Of these 

a whole series, probably an endless senes, of such wo have already seen several examples. Now 

hydrocarbons that have been produced by leam that the paraffins agree with 

synthesis, and that are one and all models upon anotlu^r. not only in the fundamental 

methane. The hrst four members of the series characters of their architecture, but also in 

are colourless gases ; subsequent mombera are j-hg manner in which they form compounds, 

colourleiw liquids ; and higher membore still are rp,,„ ,chere methane forms compounds, ethane 

white sohds. Those bodies are remarkably free does so likewise. For instance, it is easy to 

from tendency to chemical action. They have „htain from methane a body which is. so to 

Jtilo tendency to combine with other elements. gpeak, a hydroxide. One of the hydrogen atoms 

'iTie ordinary oxidising agents do not affcci t Iumi, „£ ^hc methane has been replaced by the hydroxyl 

and thus, since they are almost without affinity, group, giving us the body with the formula 

they are known as the paraffins. The following CH.,OM. Tliis may be called methyl hydroxide, 

is a list of tho first few members of this series ; if if, were a hydroxide we should expect 

Methane, CH^ Hexane, C„H,4 that when it is treated with an acid there 

Ethane, CoH^ Heptane, CyHjo should be formed a salt and water, just for all 

Propane, (S.tHjj Octane, the world as if the hydrocarbon were a metal. 

Bntane, C4H,n Nonane, This is what happens, and we find that just as 

Pentane, C^Hig Docane, CiqIIos sodium hydroxide and hydrochloric acid yield 

etc., etc. sodium chloride and water, similarly methyl 

^rhis extremely instructive series teaches us hydroxide and hydrochloric acid yield methyl 

varioiis things. It gives us a hint of the syste- chloride and water. If we merely remind the 

matio character of the compounds we are now reader that methyl chloride has the formula 

studying. Its higher members illustrate in an GH.jCl ho will be able to write for 

oxtraoreSnary way the power possessed by the equation representing this action. Methyl 

r^arbon of combining with itself. We observe in chloride may also be produced by the action 

THIS 6R0UP EMBRACES THEORETICAL AND APPLIED CHEMISTRY 
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of chlorine on methane when a mixture of 
them is exposed to light. 

Now we find that ethane behaves in precisely 
the same .way. The direct action of chlorine 
upon it converts it into chlorethane or ethyl- 
chloride, which has the formula C.^H5C1. And 
when the hydroxide of ethyl is treated with 
hydrochloric acid, the same substance is similarly 
produced. In this last sentence we have 
casually referred to one of the most important 
substances in the whole world, ethyl hydroxide, 
which we must discuss at length hereafter, and 
which is commonly known as alco7u>l. 

The Alcohols. If wo conceive of the 
paraffins as similar to metals, we are prepared 
to understand their possession of hydroxides. 
Each of them has its own hydroxide, one atom 
of hydrogen having been replaced by one 
hydroxyl group. These hydroxides are called 
alcohols, and therefore the first fact which we 
have to learn is that, properly speaking, alcohol 
is a general chemical term for a very large 
number of comi30und8. Just as there are 
lower and higher paraffins, so there are lower 
and higher hydroxides of the paraffins, or lower 
and higher alcohols. The first alcohol is, of 
course, methyl hydroxide or methyl alcohol ; 
the second is ethyl hydroxide or ethyl alcohol ; 
and it is this which is of such importance to 
man. The alcohol derived from propane is, 
of course, propyl alcohol. That derived from 
pentane is usually known as amyl alcohol, and 
has, of course, the formula C,r,Hj,OH. The 
presence of this and other higher alcohols in 
alcoholic drinks is of the utmost practical 
importance, since it leads to very serious symp- 
toms in consequence of the rapidly poisonous 
and deliriant action which certain of these 
bodies possess. Methyl alcohol is of com- 
paratively small importance. When wo come 
to consider the next set of derivatives of the 
paraffins we shall see, however, that a substance 
derived from it is of great interest in relation 
to certain of the fundamental facts of life. 
Meanwhile, however, we must consider the 
alcohols. 

Preparation of Alcohols. If wo 

desire to prepare an alcohol, we find that it 
may be obtained from the corresponding halide, 
just as sodium hydroxide may be obtained from 
sodium chloride. For instance, water, under 
certain conditions, reacts with ethyl iodide, 
the hydroxyl of the water takes the place of the 
iodine atom, with the result that ethyl alcohol 
and hydriodic acid are formed. The equation 
for this is as follows : 

C.Hgl + HOII - -h HI 

There are many other fashions in which alcohols 
may be obtained, but we may content ourselves 
with afterwards discussing the method of Nature, 
which depends upon fermentation. 

There are various kinds of alcohols, which are 
oall^ 'primary, secondary, and tertiary, but their 
particular characters need not be discussed, nor 
yet ^e details of their derivation. The alcohols 
m diap^y a sequence of characters, as 

mi^t be ej^ii^ted from analogy with the 
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paraffins. Sir William Ramsay says: **Thc 
lower members of the scries are mobile, colourless 
liquids, with but faint alcoholic smell, and 
mix with water in all proportions. The 
middle members are oily and nave a heavier 
smell, and are sparingly miscible with water ; 
and the higher members are insoluble, colourless, 
crystalline solids. The tertiary alcohols melt 
at a much higher temperature than do the 
primary and secondary.” 

Wood Spirit. The common name by which 
methyl alcohol is known is toood spirit, since 
it is obtained by the distillation of wood. 
This, however, yields many other products, such 
as water, vinegar, creosote, and tarry matter. 
In order to obtain it separately, calcium car- 
bonate is added to this mixture, so as to combine 
with the vinegar ; then when it is distilled, 
methyl alcohol and water are obtained. It 
boils at about 06® C. It is extremely inflam- 
mable, and is used as a source of heat, 
and, like ethyl alcohol, as a solvent, espociallj 
for resins. 

When methyl alcohol is oxidised it follows the 
rule which, as we shall sec, obtains generally of 
the scries to which it belongs, and yields an 
acid. This is formic acid. 

Methylated Spirit. This familiar product 
consists of a mixture of ethyl alcohol with 10 
per cent, of methyl alcohol. The idea is to 
obtain a substance having the essential properties 
of ethyl alcohol but so disagreeable to the 
palate that it would not bo drunk. This 
substance is now over half a century old, and. 
needless to say, has been very largely used for 
the purposes for which it was intended — as a 
solvent, as a preservative, as a source of heat, 
and so on. It is the lamentable fact, however, 
that, despite its disagreeable character, it has 
not infrequently been employed for the purpose 
of producing intoxication. It should really be 
made decidedly more disagreeable than it is. 
The common form of methylated spirit contains 
a good deal of petroleum oil as an impurity. 

This, however, is the time at which one 
cannot too strongly insist that the device of 
preparing methylated spirit is totally inadequate 
to meet the present needs of this country. 
Probably the most productive and valuable 
of all the uses of ethyl alcohol depend upon its 
purity or comparative purity. The consequence 
is that the manufacturer in this country is 
ridiculously handicapped ; he has to pay 
shillings where his German rival pa3rs pence, 
and the consequence is that the manufacture 
of drugs, perfumes, etc., is handicapped in 
this countrv to the point of extinction. It is 
high time that we I'eally had scientific taxation 
which would prevent us from strangling our 
industries in the process of collecting money 
for the purposes of revenue. Methylated spirit 
does not meet all the needs, and it is absolutely 
necessary that ethyl alcohol should be obtain- 
able for manufacturing purposes without the 
payment of the heavy duty which is rightly 
placed upon it when it is used ot abused in order 
to please the palate and nervous system. 



Ethyl Alcohol. The formula of ethyl 
alcohol may be written in many ways, each of 
them varying in the amount of info/mation 
which it affords. The empirical formula is 
C 2 HflO., While this correctly indicates the num- 
ber and character of the atoms in the molecule, 
it really tells us nothing as to the manner in 
which they are built up. The formula 
is much superior, since it indicates that the 
substance is a hydroxide, but the formula 
CHjjCH^OH is better still, since it indicates 
the structure of the molecule in still more 
detail. Indeed, we have only to transpose the 
first and second terms in order to have the 
moans of constructing the graphic formula of 
ethyl alcohol completely before us. 

Fermentation. Fermentation is, of course, 
a very large term, indicating a whole host 
of actions. In general, we mean by a ferment 
an organic substance of animal Or vegetable 
origin which has the power of inducing chemical 
change in other bodies without undergoing any 
change itself. Here we cannot discuss the 
problems which that involves, but must merely 
consider the facts of the commonest kind of 
fermentation, which is alcoholic fermentation of 
sugars. This process has long been known. 
The first ago at which man prepared alcohol 
is far earlier than any recorded history. We 
know for certain that wine and beer were offered 
to the dead in Egypt in the fourth Tnillonnium 
before Christ, and there is other conclusive 
evidence to show that wine was prepared earlier 
than the fifth millennium before Christ. But 
it is only within a few decades that wo have 
learnt the most remarkable and significant 
facts of the chemisiry of fermentation. 

Alcoholic fermentation takes place in the 
presence of the yeasts or saccharomycetes, also 
known as toiulsD. It is not the yeast itself which 
brings about the decomposition of the sugar, 
but an enzyme, as it is called, which is present 
in the yeast cell, and which can be extracted 
from it by suitable processes. During the 
fermentation of the sugar the yeast multiplies 
rapidly, by the process of forming buds on its 
rounded cells (gemmation), and forms a scum on 
the surface of the fermenting fluid. There are 
definite limits of temperature within which the 
process can occur, and there is also a point at 
which the production of alcohol arrests the fer- 
mentative process by interfering with the life of 
the y6^t plant. The historic discovery that 
alcoholic fermentation is caused by a living 
creature is an important link in that great chain 
of discoveries which led to the similar discovery 
of living microbes as the causes of fermentation, 
inflammation, and putrefaction in the body — 
thus leading to antiseptic surgery and its mag- 
nificent ednsequenoes, which have enabled a 
writer with a nice sense of antithesis to say that 
t«ord Lister “ saves more lives every year than 
N^^leon took in all his wars.” 

The yeast plant is found practically eveiy- 
where. We thus take it in large quantities 
wth our food, but it is rapidly Ulled by the 
healthy stomach, which produces that powerful 
antiseptic hyd^hloric acid. In those cases of 
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indigestion where the production of this acid is 
defective, the yeast plant is enabled to multiply 
and cause alcoholic fermentation of the sugar 
of the food. This, of course, deprives the sugar 
of its fo jd value and produces a quantity of gas, 
which causes discomfort and tends to stretch 
the walls of an already over-strctched stomach. 

If a solution of sugar bo exposed to the air — 
and the same is true, of course, of jam and many 
other substances containing sugar — specimens 
of these plants soon drop upon it from the 
atmosphere and undergo development. The 
essential change of alcoholic fermentation is the 
formation of ethyl alcohol and carbon dioxide 
from grape sugiir. This body is a carbohydrate, 
and has the formula C„H, .^0„. The reader 
should write out, for practice, an equation 
representing the decomposition. Ho will find 
that one molecule of grape sugar yields two 
molecules of ethyl alcohol and two molecules 
of carbon dioxide. 

Sources of Grape Sugar. The tech- 
nical name for grape sugar is glucose. It is by 
far the most important of all the carbohydrates, 
since it is the subject of alcoholic fermentation, 
and since it represents the form in which all 
carbohydrate foods are utilised by the animal 
body. It is fh<f characteristic sugar of grapes, 
and, indeed, of fruits in general. But it is also 
obtained indirectly by transformation of other 
sugars. There is, for instance, another sugar 
with which we are most familiar, called cane 
sugar. This has to bo changed into glucose — 
involving, as we shall see later, merely the 
insertion of a little more water into its molecule 
— before it can undergo alcoholic fermentation. 
It is the sugar of molasses. From fruits wo 
obtain such alcoholic liquors as wines and brandy, 
while from molasses we obtain rum. But there 
is yet another carbohydrate which is a very 
important source of glucose, and that is starch. 
This is abundantly contained in such vegetables 
as i)otatoes and barley. It has the empirical 
formula being thus not very remote 

from grape sugar in constitution. An enzyme 
called diastase has the power of converting starch 
into grape sugar, ami various alcoholic drinks 
are thus prepared, such as whisky and beer. 

Alcohol and Bread. It will have oc- 
curred to the reiider that surely alcohol must 
bo produced in the making of bread, since all 
the necessary maUu-ials are present ; and this is 
so. Indeed, broad owes its rising to alcoholic 
fermentation, since it is the carbon dioxide 
thus produced that gives the broad its charac- 
teristic texture. The whole, or practically the 
whole, of the ‘ alcohol produced €wa])oratos 
and is lost. Extraordinary calculations have 
been made as to the monetary value of the alcohol 
which is thus produced and lost in the course 
of the manufacture of bread. In the making of 
so-called ” aerated bread ” yeast is not em- 
ployed, and the carbon dioxide which is necessary 
in order to give the bread lightnass is forced into 
it from without. 

Kf aKinK Wine. The principle of the manu- 
facture of wine is simply to induce fermentation 
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in the juice of the grape. The necessary yeast 
plant can be abundantly obtained from the 
skins of the grapes themselves. The process of 
fermentation has its own natural limit, and 
therefore the product is run into casks. In the 
case of effervescing wines the bottling is done 
before the process of fermentation has ceased. 
When the pressure of the cork is removed, the 
carbon dioxide which has accumulated in the 
course of fermentation after the process of 
bottling is permitted to escape. The following 
statement of the strength of various wines is 
compiled from the table of Roscoe. 


Port (old bottled) 

. . 20*2 per cent. 

Port (newly bottled) 

. . 17*4 

Montilla sherry (1854) 

. . 16-3 

Fine marsala 

. . 17*0 

Madeira 

. . 161 

Beaune 

. . 13*5 

Various hocks 

9*4 to 8*7 

Bordeaux 

6-4 to 8-7 

These estimatas, of course, do not begin to 


account for the differences in flavour displayed 
by various wines. These are duo in the main 
to the presence of chemical bodies of great 
variety which are known as esters or compound 
e.sters, and which we must discua.s later. These 
are very volatile fluids, which, in the tnajority of 
cases, have an agreeable odour. They arc mainly 
formed by the action of acids upon alcohol. 

Other Constituents of Wine. We 

have to recognise the acids of wines, therefore, 
as very important. These may be at least 
seven in number, most of them being organic 
acids. They occur largely in combination with 
various metals, such as potassium, sodium, 
calcium, magnesium, and iron. The free acidity 
of wines, reckoned as tartaric av;id, varies from 
0-2 per cent, in the best wines to as much a.s 
0’7 x>er cent, in inferior wines. More than 1 per 
cent, of free acid makes the wine practically 
undrinkable. The proportion of acidity in a 
large luwnbcr of good wines of various kinds, 
as stated in a well-known German table, varies 
within only very small limits. 

There are so-called wines which are not wines 
at all ; there is no real trace of the vine in them. 
Other wines are only in part derived from the 
grape. Many wines have alcohol added to them 
from without, and many more have esters 
artificially added to them in order to produce 
cheap imitations of other wines. Many wines, 
es|X5ciany French, Spani.sh, and Italian, are 
plastered — ^that is to say, have calcium sulphate 
added to them. The consequence is the produc- 
tion of tartrate of calcium, which is precipitated. 
In such wines the acidity is represented only by 
an acid called malic acid and not by tartaric 
acid at all. 

A complete analysis of wines shows that their 
nutritive value is practically nil, except for the 
sugar contained in sweet wines. There is, of course, 
no reasonable proportion whatever between such 
nutritive value of wines and their cost. 

The distillation of wines produces brandy. 
This {<»ontainB a large number of esters, and 
from 35 ho 45 pdi* cent, of ethyl alcohol. 
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Spirits. Besides brandy, made from the 
grape, we have to consider rum made from 
molasses, which is the residue that cannot be 
crystallised after as much cane sugar as possible 
has been crystallised from the juice of the sugar 
cane. The molasses are dissolved in water, yeast 
is added, and, after fermentation, the product 
is distilled. The characteristio ester of rum 
is called hutylic eater, and this spirit contains 
from 60 to 70 per cent, of ethyl alcohol. Whisky 
is obtained by distillation of beer, and in a 
considerable variety of other ways. It contains 
from 60 to 60 per cent, of ethyl alcohol. The raw 
product contains a number of highly objection- 
able and poisonous substances, especially fusel 
oil and furiurbl. Besides those we have mentioned 
we may note various other spirits — absolute 
alcohol, which contains nothing but alcohol 
except for about J per cent, of water ; rectified 
spirit, which is 90 per cent, absolute alcohol ; 
proof spirit, which contains 49*3 per cent, by 
weight of pure alcohol and 67*09 per cent, by 
volume. For Excise pur])oses the strength of 
alcohol in solutions is always estimated and 
stated by comparison with proof spirit. 
“ Twenty-five over proof ” describes a spirit 
whicli is such that 100 volumes of it diluted with 
twenty-five volumes of water will be equivalent 
to proof spirit. “ Tw<'nty-five under proof 
means that 100 volumes of the spirit so described 
contain seventy-fiv^e of proof spirit. Next 

comes geneva or hoi lands, which contains from 
60 to 00 per cent, of alcohol, and is flavoured 
with oil of juniper. On this ground it is supposed 
l>y ignorant p(Tsons to be of value in disease of 
the kidneys, but, as a matter of fact, both 
the alcohol and jumper are deleterious. 

German Spirit. Many other spirits can be 
obtained from vegetable sources ; arrack, for 
instance, is obtained from coconut or palm 
juice, and Japanese spirit from rice. Much more 
important, however, is German sjfirit, which is 
obtained from the potato, in consequence of the 
following facts. Any kind of starch, when boiled 
with dilute acids, is changed into sugars. The 
acid acts as a catalyst, since it is not itself 
changed. The addition of lime to the mixture 
separates the sulphuric acid by the precipitation 
of the insoluble sulphate of lime, and the sugar 
is left in solution. It can then be used for 
the manufacture of alcohol. In thoroughly 
characteristic fashion the Germans have dis- 
covered, first of all, how to manure unpromising 
soil so that it shall yield abundant potatoes ; 
secondly, how to obtain sugar and then alcohol 
from these ; and thirdly, how to obtain a market 
for the potato spirit which results. It was lately 
estimated that we pay the ^ilermans £1,600,000 
per annum for such spirit. There is, of course, no 
reason in the world but our carelessness of 
science to prevent us from producing any 
quantity of , this valuable spirit at home — 
valuable, that is, for many uses outside the body. 

Beer. The chief source of beer is barley. 
When the barley grain is moistened with water 
and exposed to the atmosphere, it begins to 
germinate, while its starch is Iai;^y converted 



into grape sugar, os we have already seen. The 
reader will write tor himself the equation ropre- 
senfing this change. A constant teihpcrature has 
to be maintained, and the consequence is that 
all the starch originally present in the grain 
appears in solution as grape sugar. The tempera- 
ture is then suddenly raised, and the young 
shoots of barley an? killed. The grain in this 
state is known as malt. Malt is used to obtain 
sugar, by means of the enzyme diastase, from 
the starch present in untr(‘atrd grain, which 
sugar, maltose, is then fermented with yeast, 
yielding beer. 

Beer conspicuously differs from wine and 
other alcoholic liquors in having a small nutritive 
value. This lijis been v(‘ry much overrated in 
the past, and, in any case, the proportion of its 
nutritive value to its cost is ridiculously low. 
The proportion of alcohol in various beers varies. 
Burton ale contains nearly 6 per cent., and 
Edinburgh ale the same amount. London port<‘r 
varies a good deal from about 5*4 t<i (i*9 per 
cent. Some lager beer, despite the general opinion 
that it contains very much less alcohol, contains 
5-1 per cent. There arc various German beers, 
however, which contain as little as 2 per cent. 
The German beers contain a comparatively small 
quantity of the chemical bodies which are grouped 
as extracUvea, and this is an advantage, since' 
these bodies arc difficult of digestion. The other 
important constituents of beer arc, on the 
average, as follows: Water, 90 per cent.; 
various organic acids, 0*1 to 0*3 per cent. ; 
sugars, to per cent. Quite an ai)prcciable 
quantity of albumen also occurs in beer, but 
what nutritive value it has depends mainly 
upon its sugar. 

The hops used in brewing are mainly valued 
for their ffavour. Their only bearing on the? 
chfunistry of the subject is that they tend to 
check the further fermentation called acetous. 

Other Alcoholic Liquors. Tlieiv are 
many liqueurs which arc compouiKh'd from 
alcohol and aromatic essences. {Some arc swc(‘t, 
and others, such as vermouth, arc bitter. Then* 
arc two alcoholic products obtained from animal 
sources — the ancient mead, which is obtained by 
the fermentation of honey, and the well-known 
product koumiss, which is obtaiiu'd by the 
fermentation of marc’s milk, and whi(;h may be 
tolerated by the stomach of an invalid wh(*n 
merp medern dietetic methods ar:? not at hand. 
The alcoholic fermentation of apples yi(*lds cider, 
which contains a good deal of sugar, and, as a rule, 
by no means so little alcohol as is usually thought. 
In general, a cider is quite as strong as a beer. 

Alcohol in Drugs. Alcohol is also con- 
tained in a very large number of drugs - notably 
in tinctures, essences, and so on. It has lately 
been demonstrated that, especially in the United 
States of America, alcohol is one of the most 
important ingredients of patent medicines. 
Certain types of blackguards have discovered 
that they may line their pockets by increasing 
the facilities with which women esj)ecially may 
become drunkards. It has been shown that 
many so-called patent medicines may consist of 
L * i> a? , 
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os much as 45 per cent, of alcohol with a little 
flavouring matter and nothing else. This is a 
form of criminal fraud which must surely attract 
the attention of the law before long. It has 
played its part in producing that lamentable 
increase of alcoholism among women, upon 
which all observers are agreed, and which, if we 
remember the extreme importance of women 
in relation to the future, must be recognised as 
one of the gravest menaces to the eontinuanec 
of our civilisation. 

Characters of Alcohol. Pure waterless 
or anhydrous alcohol is an inflammable fluid 
having a speeifio gravity of 0 803. It has a 
great affinity for water, and the rebult of this is 
that it is almost impossible to obtain it without 
this impurity, and that alcohol is one of the 
most powrulul dehydrating substances known. 
In ord(‘r to remove water from it, as far as 
possible, many devicjes have been adopted. 
The so-called absolute alcohol of eommei'ce, 
which, as w'e have seen, is not really absolute, 
is obtained by the use of caustic lime or calcium 
oxide, CaO. Small pieces of caustic lime are 
placed in spirits of wine in a retoi't, and after 
a few hours the alcohol can be distilled off, 
the lime having been slaked or convcrttHl 
into calcium hydrate. Absolute alcohol is v"i*ry 
mobile and mractive. It has searcely any 
appreciable taste or smell, though, of course, 
it stimulates the nervc?s of common sensation 
in the mouth, and so, by an abuse of language, 
it is d(‘scribed as having a burning taste. This 
so-called tasU? is really due mainly, if not 
entirely, to the rapid abstraction of water 
from the tissues with which the alcohol comes 
into contact. Alcohol does not conduct electricity. 
At a temperature of about 100^^ G. b(;low zito is 
becomes viscous. It freezes only when it reachet 
a temperature of 130*" 0. below zero. The 
fluidity of this substance at low temperatures, 
and its high coefficient of ex})ansion [see 
PiiYSKsl. make it very valuable for use in 


thermometers. 

Alcohol and Water. The affinity of 
idcohol for water is so great that wo begin to 
suspect that some (dieinieal action must bo 
involved. This suspicion becomes practically a 
certaiiity when we discover that the dilution of 
alcohol with water causes the evolution of much 
heat, and also that up to a certain point the 
mixture of water and alcohol causes a reduction 
of the volume occu\)ied by the two. No doubt 
there is some chemical action involved, and 
the satisfaction, or transformat i >n of chemical 
potential energy, is expr(?sscd by the appearance 
of that form of kinetic energy which we call 
heat —iuat as the burning of coal pro(hi(!cs heat. 
Sulphuric acid and water behave similarly. 

These and many other instances make it plain 
that, as u.siial, wc lind some reservation necessary 
when we come to look more closely into the 
question of the dogmatic distinction between 
compounds and mixtures. The distinction is a 
real one, but Nature is continuous, and, as 
everywhere else, wc find, if wo look carefully 
enough, gradations between all her v^mus 
processes. ^ ALEE BY 
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GROUP 7-HISTORY • THE STORY OF ALL AGES AND PEOPLES-CHAPTER 23 

The Ambition of the ** Grand Monarch/* and the 
Unexpected Changes it Brought Throughout Europe. 

RISE & DECLINE OF THE BOURBONS 


'T'hb age of Louis Xiy., which forms the first 
* sub-section of our next period, coincides 
with a iriarkod period of our own history. The 
personal rule of Louis began immediately before 
the restoration of Charles II. ; it ended imme- 
diately alter the accession of the Elector of 
Hanover. The “ glorious Revolution *’ divides 
it into two almost exactly equal halves, during 
the first of which, consciously or unconsciously, 
the English Government habitually played into 
the hands of the Grand Monarque, whereas during 
the second William HI. and Marlborough were thc‘ 
protagonists in resistance to his aggression. 

English Kings in French Pay. Charles 
IT. and James IT. were the French king’s first 
enemies ; both — the one secretly and the other 
openly — were adherents of Catholicism; and 
aggre. sivo Catholicism, though with an element 
of antagonism to the papacy, was a part 
of Louis’ xjrogramme, and the Stuarts were 
quite willing^ to purchase freedom from par- 
liamentary control at the x^rit-e of suhservienee 
to France. In England, people and Parliament 
were in ignorance of these fundamental facts ; 
the French alliance and wars with the Dutch 
were both features of the Commonwealth policy, 
which in foreign affairs was popular, (^onse- 
(juontly, people and Parliament acquiesced in an 
apparent continuity which was an actual reversal. 

The Revocation of the Edict of Nantes revealed 
the designs of the French king ; the English 
Revolution necessitated the association of English 
and Dutch, while the exiled king relied on French 
protection and support. England, it is true, 
was not. enthusiastic in suiJX3ort of William lll.'s 
wars against Louis, but axjathy was converted 
into fury when Louis recognised the son of 
James 11. as king of England, and the country 
filing itself into the War of the Spanish Suc- 
cession with ardour, though its direct interest 
in the actual issue was small. 

Complete Union with Scotland. The 
fruits of victory which fell to Great Britain at 
the end seemed inadequate, but she had suffered 
infiitltely less than any of the other belligerents ; 
and fever since La Hogue, in 1692, her naval pre- 
eminence had been becoming more and more 
decisively established. Incidentally, also, the 
threat oL complete separation from Scotland in 
the middle of a great war had forced England to 
assent instead to an all but complete union. The 
two countries ceased to be internationally dis- 
tinct, and were merged in Great Britain — a fact 
of vitfij importance in the next stage of inter- 
natioxiirl rivalries. 

Although Catholic aggression, or suppression of 
Protestantism, was part of the plans of Louis, 
this was not distinctively the case during the 


first half of his reign ; nor was there even in the 
latter |X)riod any pretence that Louis was at the 
head of the Catholic States of .Euro[)e. . On the 
contrary, the papacy was in direct opposition. 
The x>rimary objects which the French king had 
in view were the magnification of the monarchy 
in France and the magnification of France in 
Euroxic. For the second purxiose, the great end 
to be attained was the annexation to France of 
roughly the whole of the old heritage of Bur- 
gundy, of which a great x^art was still attached to 
Spain. He had this end in view when he married 
the eldest Sx)anish xuincess, whoso half-brother 
shortly after succeeded to the Spanish throne, 
while her half-sister was married to the Emperor 
Leopold, the head of the German Haps burgs. 

The Treason of Charles II. The acces- 
sion of Charles II. in Spain x)ermitted Louis to 
claim the Burgundian provinces for his wife, on 
the basis of a law which gave the female children 
of a first marriage iiriority over even the male 
children of a/ second marriage. These claims 
Louis in part made good by the campaigns of 
1667-8. He could afford to pay little regard to 
the formation of the tri])le alliance of England. 
Holland, and Sweden, w Inch w as the outc^omc of 
the alarm causcil by his aggression, since he knew 
that the King of England was clever enough to 
cinaimvent his Ministers for a substantial con- 
sideration, and that Sweden also might be dix)lo- 
mati<‘ally didaiihed. Holland itself was the next 
object of his aggression, wilh the additional 
motive that the Dutch Republic stood in the 
way of the development of his xfians for sujipress- 
ing the Huguenot religion in France. 

England and Holland Drawn To- 
gether. The attack was opened in association 
with England, during a convenient prorogation of 
Parliament, in 1672. Holland, however, resisted 
with her traditional resolution. The fall of the 
Rexmhlican Government and the restoration of 
the House of Orange in the person of young. 
William HI. to the offi(;e of Stadlholder provided 
a leader of unsurxjassed tenacity and shrewdness, 
and completely changed the relations of Holland 
and England, William being the nephew of 
(’’.harles. England withdrew, and at the same 
time the x>owcrs took alarm. Catholic as well as 
Protestant. Louis found himself facing the 
prosjiect of a Euroi^ean combination. Tiiiennc 
conducted a series of campaigns of extraordinary 
brilliancy, but his career was ended in 1675 by 
a stray bullet. 

Next year the extraordinary development of 
the French navy by Colbert was demons tratecU 
Conscious of the strain on his resources, however, 
Louis was ready for a x>eace on favourable terms, 
which were obtained at the Treaty of Nimeguen 
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in 1678. But Nimeguen did not satisfy Louis 
Tho audacity with which he proceeded ,to 
interpret treaties in his own favour could har<By 
be tolerated by tho Haps burgs, German or 
Spanish ; and the diplomacy which had held 
Prol/CStant states neutral in the late wars was 
nullified in 1685 by the Revocation of the Edict 
of Nantes, which also drove a large part of the 
be.st of the French industrial population into- 
exile in England, Holland, and Germany. 

The Grand Monarch’s Futile Exer- 
tions. Tho Pope himself condenined the Revoca- 
f ion . and Louis was consciously and confidently 
preparing a^jiingie- handed attack on the European 
combination, which was on the verge of com- 
pletion when tho revolution in England deci- 
sively united .the naval Powers. For this Louis 
had himself to blame, since he made hii first 


balance, while there had been ''formal renun- 
ciations. on the. part of. both the princesses; A 
partition the obvipud ooiif^e. , . ^ 

The A1 liance Against Louis, An agice3' 
ment between the interested parties had bestowed 
the main inheritance on a grahdsbn of' the 
emperor, the electoral Prince of Bavaria., who 
was outside tho Austrislh succession Iteolf, but 
in 1699 the prince died. King Charles of Spain 
followed suit, after naming Philip', a grahdsbn' 
of T.<ouis, as his heir, though the Powers had 
agreed upon a fresh pai*tition. Lbhis repudiaM 
the partition and accepted the will ; Austria 
prepared to assert her own claims ; the action 
of Holland would be largely dependant 'bn 
England, and the action of England was decided 
iy Louis’ recognition of James Edward Stuart 
as king of England, at the deathbed of Janies II. 
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move by invading tho Palatinate, thereby 
leaving the ruler of Holland free to go to assist in 
the expulsion of King James from England. By 
f ho time that Louis was in a position to turn upon 
Holland, the English crown was firmly set on tho 
head of tho Dutch Stadtholder, ana the great 
navy which had inflicted a disastrous defeat on 
the English fleet of! Beachy Head was shattered 
at the battle of La Hogue in 1692, The allies, 
however, were sufficiently diverse in their aims 
to enable Louis, after just holding his own, to 
negotiate terms with them separately, which were 
embodied in the Treaty of Ryswick in 1697. 

The Spanish Succession, Louis was still 
further from having' achieved bis ends than he 
had ,becn after Nimeguen. ,But fresh oppor- 
tunities were present^ by the now ^ acute 
^uest ion of the Spanish succession. The Spanish 
king w^s dying without issue ; the fhildmn of 
his two sisters were also the children of Louis 
and of the Eknpeior Leopold respectively. The 
aeqertsitipn of ^tfce^whde Spanisn denninipn by 
eithei^ ip 


Once more, Europe was in alliance to check the 
unbridled and insatiable aggrandisement of Louis. 

Marlborough’s Brilliant Strategy. 
Louis sought to brihg the allies to their kriees 
by striking straight at Vienna, but the attempt 
was completely wrecked by Marlborough’s 
brilliant strategy, which united his own forces 
with those of Prince Eugene and shattered the 
French and the Bavarians, whose prince had 
joined Louis, at Blenheim. Year by year, in a 
series of skilful campaigns, the ‘French Mng’s 
inquests in the Spanish Netherlands were 
wrested from him, but a tnm ’ In domestic 
litics i>laced' the Tory pefibee party in power 
England. ^ 

1t*heHapaburga and Bourbona Divide. 

Twice ill the course of the war Louis h^^ b^h 
ready, to make peace on terms ^ whiok ' woidd 
have fully satii^^ even William of. Oran^, 
had he Ii^n alive; But tho^ terms had been 
i^jeot^» and noV the praqt^r defection - of 
England Hseoured -him very^-nui^. moi^4a^ou^ 
^ble. ^nditmnSj un^r the. Treaty of Ut^ee^t in 
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1713. The Spanish Netherlands were transferred 
to Austria, but a Bourbon sat on the Spanish 
as well as on the French throne, and Italy was 
roughly divided between Hapsburgs • and 
Bou rbons. To Britain the most material gain was 
that Louis was unable to intervene on l^half of 
the Stuarts when Queen Anne died and a coup 
d*6tat secured the Hanoverian succession. 

In spite of the disaster of the War of the Spanish 
Succession, Louis left France with her Iwrders 
greatly extended, her frontier strengthened, 
and dynastically in close association with Spain, 
which was now definitely severed from the 
Hapsburg connection. Moreover, the power of 
the crown was practically unchecked. On the 
other hand, the tremendous series of wars had 
exhausted the resources of France, and her 
industrial population had been depleted by the 
Revocation of the Edict of Nantes. The 
middle cl^rs was excluded from all share in the 
government ; the peasantry, cru.shcd by taxa- 


sion to the Spanish throne was blocked by the 
offspring of Philip's first wife. The prospect 
of a disputed French succession waned with the 
marriage of young Louis XV., and thus cleared* 
the way for a “ family compact ” between the 
Bourbon dynasties for the aggrandisement of 
the Bourbons and the humiliation of the 
Hapsburgs and of Qreat Britain. 

Signs of a Coming Storm. The compact, 
which was a secret one, made in 1733, did not 
precipitate war, for the French minister, 
Fleury, was quite aware that much recu|)eration 
was necessary for France before she could 
plunge into a "great war with Spain for her ally. 
The English ministei, Walpole, was equally 
anxious to avoid the arbitrament of arms, 
though he had information of the hostile designs. 
Both sides meant to achieve their respective 
ends by diplomatic methods. But the control 
was taken out of the hands of Fleury and 
Walpole by events which proved too strong 
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tion, were at the mercy of the lords of the 
soil, and the lords of the soil themselves were 
undergoing a process of rapid degeneration, 
which was hastened under the regency which 
followed the death of the old king, whose heir 
was a sickly child. 

The Bourbon Dynasties Combine. The 

possibility that the King of Spain might after 
all claim the succession to the French throne, 
which he had renounced, threw the French 
Government into temporary alliance with the 
British Government for the maintenance in both 
countries of the succession as laid down in the 
Treaty of Utrecht. For a time the disturbing 
factor in Europe was to be found in the jealousies 
of Austria and Spain under her new dynasty, 
and in the ambitions of the Spanish queen- 
consorV the Italian Elizabeth Farnese, for the 
advancement her own children, whose' succes- 


for them. Commercial friction in the Spanish- 
American seas was exasperating popular feeling 
in both Spain and England, while the approach of 
a question of succession was exposing Austria to 
attack at the hands of any power which saw a 
prospect of profiting by her dismemberment. 

Charles VI., emperor and head of the Haps- 
burgs, ruled oyer a group of states which did not 
recognise a single common law of succession ; 
in some cases the title of his daughter Maria 
Theresa was good, in others it was at best 
doubtful. Charles obtained from most of the 
Powers a guarantee of the Pragmatic Sanction, 
or decree declaring Maria Theresa heir to the 
whole, but such promises usually provide loop- 
, holes of escape whidb a diplomatic conscience 
enough. Thus, in 1739, 
Walpole s hand was forced by a nation infuriated 
by tales of the high-handed doings of the 
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Spaniards, and war was decla^ bet%veen The Disturbed Balance of Power. 
Spam and Great Britain. Immediately after- 'Wat of the Austrian Succossion, which 

wards Charles yl. died ; the Bavarian Elector ended with the Peace of Alx-la-Chapelle in 1748 , 

put forward claims against Maria Theresa ; established the position of Pnissia as a hrst-class 

Frederic of Prussia started a general conflagration power, while it confirmed the descent of Spain 

by occupying Silesia with an army. Every into the second class. Holland and Sweden had 

Power found itself with something at stake, or almost ceased to count. It left Maria Theresa 

hoped to snatch something out of the turmoil, in undisputed possession of her Hapsburg 

and all Western Europe was very soon involved heritage, except for the cession of Silesia to 

in the War of the Austrian Succession, however Frederic. It also left her husband, Francis of 

remote from Its national interests. Lorraine, emperor; in eflect, the Hapsburge 

Xhe Sudden IVise of Prussia. The were, relatively to the Bourbons, stronger at 

factor on which tho^world had notr eckoned was the end than at the beginning. Groat Britain 

Prussia. In the past, the Elector of Brandenburg had lost nothing and gained nothing except, 

had stood on a par with other princes of the incidentally, freedom from the alarm of 

empire. In the Thirty Years* War, Brandenburg Jacobitism, which had been finally broken on the 

had done its best to remain neutral, and had field of Cullodcn. But the rise of Prussia had 

never assumed anything approaching a leading decisively changed the whole favourite diplo- 

position. In the second half of the century, matic problem of the balance of power ; an 
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however, the “ Great Elector ” — an astute Austrian domination of Central Europe was less 

politician and skilful soldier — had played his to be feared than the activities of the Prussian 

part with a consistent determination to king, who had, moreover, succeeded in making 

strengthen the Electorate, making and breaking himself personally obnoxious to Maria Theresa, 

alliances, fighting or refusing to fight, with to the Russian Tsarina, and to the French 

most advantageous results to himself, and little king's mistress, Mme. do Pompadour, 

regard for moral considerations. His successor In the next European war, the rivalry of 
did little beyond achieving the status of King Bourbons and Hapsburgs, which had been an 

of Prussia, but Frederic William, who followed unfailing factor in every combination for a 

him, devoted himself to the organisation of his century and a half, disappeared altogether, 

state and its army in a fashion which excited Before the Seven Years* War broke out, in 

aome derision, which derision his son, Frederic II., 1756, the one definite certainty was that France 

the Great, promptly showed on his accession, in and Great Britain would fight, and that Austria 

1740, to l^ave been very much misplaced. and Prussia would fight. How the antagonists 
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would pair of! was uncertain till the last moment. 
That war, in fact, resolved itself into a desperate 
struggle for life on the part of Prussia against 
a circle of foes, and a struggle for transoceanic 
empire between France and Great Britain. 

France Swept from the Seas. It was 

almost an accident that Great Britain and 
Prussia were ranged on the same side. Some 
British and Hanoverian troops and large British 
subsidies enabled Frederic to hold his own 
in a contest numerically most unequal on 
land, and left Great Britain free to devote the 
whole of her real energies to the naval and 
colonial struggle, in which she was completely 
triumphant. France, wholly misapprehending 
the conditions, w'asted blood and treasure on the 
Rhine and the Weser, while her fleet was wiped 
off the seas, and her effective foothold in America 
and India was finally cut away. 

Problems of Overseas Expansion. For 
a century and a half England had been develof)- 
ing colonies along the seaboard of North 
America from Florida to Acadia. For a some- 
what shorter period France had been developing 
colonies on the north and on the south of the 
British. British expansion would necessarily 
work westwards ; French expjinsion would 
necessarily work south from Canada and north 
from Louisiana, blocking British ex])ausion 
altogether. No compromise was possible ; the 
future manifestly lay with the power whose 
maritime supremacy should enable her best to 
maintain communications with her colonies. 
But, strange though it now seems, this view of 
the position seemed hidden from the eyes of 
French observers. 

English Supremacy Beyond the Seas. 

Similarly, for a century and a half an English 
company had been developing trade with India, 
and for half the time a French company had 
been doing likewise. In India, as in America, 
a stage had been reached in which the virtual 
elimination of either English or French had 
become inevitable. In 1744 Dupleix had begun 
the attempt to eliminate the British. Checked 
by the Peace of Aix*la-Chapello, the contest had 
taken a new character, the rival companies 
taking the field as supporters of rival native 
dynasties, while in America the rival colonists 
>vero in collision. In India, as in America, 
naval supremacy was the condition of success. 
The insular position of England had necessitated 
the continuous development of her fleets ; the 
continental position of France had absorbed 
her mainly in the development of armies. 
Colbert alone of French statesmen had turned 
his eyes to the ocean rather than to the Rhine. 
Hence, when the struggle came, it was France 
that was eliminated. In India the British were 
left without European rivals to complicate their 
relations with native powers ; in North America 
they held the field though the outcome of the 
victory was to be a cleavage of the race. 
rThe security of Prussia and the expansion of 
Britain . were established by the Ireaties of 
Paris and llnberteburg in 1763. Spain had 
by a b^ted intervention . when 


the war was drawing to a close. After the peacb,- 
the German soveieigns were engaged maifily 
on tho organisation of their own States ; their 
foreign poliev was concerned with the East 
rather than the West,, with Russia, Poland, and 
Turkey, rather than with France, and Great 
Britain. The western Powers looked on at the 
partition of Poland between Austria, Prussia, and 
Russia in 1772. 

Great Britain’s Loss of H er Colonies. 

Great Britain embroiled lierself in a dispute 
with her American colonics, upon whom she 
made demands which were in themselves 
justifiable both technically and morally, in a 
manner which was peculiarly irritating, and 
which set at naught more than one of the 
fundamental doctrines on which the Constitution 
rested. The result was first acute friction, 
then unsuccessful attempts at coercion, then 
point-blank defiance and open hostilities. The 
colonies, which had hitherto studiously professed 
loyalty, soon changed their attitude and fought 
avowedly for complete indcj^endence. 

Concentration Against Great Britain. 
France found the opportunity of revenge for 
which she had been waiting fifteen years. She 
had awakened to the fact that the disasters of 
the Seven Years’ War were due to tho maritime 
superiority of the British ; she had been 
resolutely reconstructing her navy, and her 
intervention on behalf of the colonies showed 
that Great Britain was no longer the irresistible 
mistress of the seas. But although the old family 
compact reappeared, and Spain joined in, and tho 
French fleets secured the American victory, the 
elTect was to concentrate British energies on the 
renewed struggle with tho Bourbons ; the totter- 
ing naval supremacy of the islanders asserted 
itself once more. The Peace of Versailles, which 
closed the war in 17i^3, left Britain shorn of half, 
her empire, but it had passed not to the Bourbons, 
but to an independent nation of British race, 
and Britain was still the Queen of the Seas. 

England Established in India, and 
Monarchy loses France. Meanwhile, 
the territorial dominion which Clive had 
won in Bengal while the Seven Years’ 
War was raging was confirmed by the 
able administration of Warren Hastings. 
Great Britain had become definitely one of the 
powers in India, and it was soon to become 
evident that she must either cease to be so 
altogether or compel her position to be recog- 
nised as paramount. But in France the cata- 
clysm was approaching. The system of 
government was rotten. To the world, France 
displayed a brilliant and Extravagant court 
and a noblesse incomparably the most polished 
in the world. Below there i^as a populace 
savage with oppression, gaunt with starvation. 
The stage had been passed when the situation 
might have been saved by level-headed modera- 
tion and relief of the ghastly burden of 
taxation. The flood-gates were opened ; the 
deluge swept over France, whirling down the 
crown and the noblesse; and the RepubHo 
emerge^ . . ARTHUR D. IKNES . 
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Railway Jolata, Crosalngs, and Points. Friction on the Ralls. 
Water Supply. Culverts, Fencing, and Platform Structures. 

TRACK EQUIPMENT 


Rail Joints. The simple expression rail 
joints comprises what has always been, and 
still is, one of the main difficulties of making 
a satisfactory railway. The forms of joint are 
innumerable ; none is perfect. A common form 
is shown in section in 51. 

To understand the requisites for a good rail 
joint it is necessary to have a clear idea of 
the mechanical action of the loaded wheel 
passing along the rail. The rail is bent concave 
upwards between the sleepers between which 
the wheel is at the moment, and concave 
downwards both in front and behind, but 
particularly in front. The action will be better 
understood, in detail by the light of the theorem 
of three moments. Iniis, as an engine moves 
over the line it is accompanied by a wave in 
the rails which subjects the upper and lower 
(ianges alternately to temsion and compression. 
When this wave rcaclu^ a joint in 
the rails, it reaches, unfortunately, 
a place at which the resistance 
Voffered both to tension and com- 
on is less than elsewhere. 

C^sequently the rail, the 
inikediato support of the 
wheel ,wd flange, gives way 
unduly at this spot, and from 
the very ''v'.ct that it gives 
way, this spdti^of course, re- 
ceives heavier jolts than any 
other part. There is a 
popular belief that the 
shock which is often 
distinguished in a rail- 
way carriage as the 
wheels pass over a joint, 

is due to the gap provided for the expansion of 
the rail on a rise in temi)erature. This, how- 
ever, is not the case. Similar gaps filed in the 
head of the rail away from the joint cause no 
appreciable shock as the engine passes. The jolt 
at the joint is due to the weakness inherent in 
the joint, and until the perfect joint is discovered 
the jolt is inevitable. 

The stiffness and moment of resistance of a rail 
at the joint should be the same as elsewhere. 
This condition has been the aim of all designers 
^rail joints, arid it must bo the object of all 
WQSe business it is to see that rail joints are 
made and maintained that these conditions are 
as perfect as circumstances permit. 

jPwriaion for Joints. The joint is 
snpported by placing the sleepers on eaori 
side of it closer togemer than the others. In 
li^ht railways the joint may be placed on the 
of a sleeper. Ihis method cannot be^^ 
o n heavier Imes, os the weakness of the jpj^^ 


•y 
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causes pressure at this point to be less distributed 
than elsciwhore, and the sleeper over which the 
joint is placed is soon kno<‘ked out of level. 

The plan of making the rails break joint — 
that is to say, placing the joint of one rail 
half-way between joints of the other — is some- 
times practised. 

Care must be taken t hat the proper odd lengths 
of rail are used in curve.s, as otherwise the sleepers 
will come to be unevenly distributed, producing 
an ununiform road-bed. Thus, if* there be a 
sleeper at each joint and five between, the effect 
of the joints in the inner rail, being displaced 
forwards on rounding a curve is to bring the 
sleepers under the first part of the next rail 
nearer together, and this defect continues after 
the curve is passed and until corrected. The 
advantage of making the rails to break joint 
is the increqfed resistance which is thereby 
given to any .lateral dis- 
^ placement of tlio line. 

In general, the joint 
sleepers in the case of a 
suspended joint should 
bo a distance apart equal 
to six-tenths of tho dis- 
tance apart of tho intcr- 
mediato Bleepers. A 
suspended joint is a joint 
placed between two 
sleepers, which are callcvl 
joint sleepers. Tho ad- 
vantage of longitudinal 
sleepers in facilitating 
the design of a gootl raij^ 
joint will now bo und^‘ 
stood. ^ pro- 

Testing of Rails. Rails arc 
testtid at tho works where theyi^p 
those responsible for the qualitv^ip 0-5^ 
used for tho railway stipuj[is(, 
for overlooking the who' 
facture. Both chemi; j*, i vU 

are required to este ! p ^ 

The suitability o^at the-:, 

the quantitv/ver tb-d: V'l 1 The 

carbon,.^i' and sulphur. 
aP'Js^ ’./Stances upon the 

studied in another section, lor 

•^5^ purpose it is sufficient "‘y, 

4bu?d be absent, P^^^r^Sd 2 

ft AVIATION 
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to wear, but at the same time it renders it 
brittle, so that a high proportion of carbon is 
suitable only for strong, well-built roads, over 
which a great deal of heavy traffic passes without 
much shock. From this it will bo seen that a 
high carbon steel is not suitable for new oon> 
struction at all, since, however carefully built, 
a recent ponstniction is always liable to irregular 
settlement, and now roads seldom have very 
much traffic to deal with at first. The presence 
of nickel adds to the durability of a rail, and 
nickel steel rails have 
been used for this reason 

on curves over which r:*_ ___ 

a heavy traffic passes, ,77. 

but the advantage hero — 

conferred has to bo care- 

fully balanced against 52. l 

the extra cost of intro- 
ducing the nickel. The inspector for the railway 
is usually furnished by the manufacturer with 
an analysis of the steel made each day from 
drillings taken from a test ingot. 

Mechanical Tests. The mechanical 

tests iTn:liido the ordinary deierminationH of 
elastic limit, ultimate strength and elongation 
at rupture, but in default of these or in addition 
to them it is very common to resort to the 
drop test. Where rails are not specially 
rolled for the construction of the road, the 
drop test furnishes a ready means of ascer- 
taining the quality of the metal of which 
they are composed. 

The Drop Test. For the drop 

test the rail is placed on 

solid supports 3 ft. apart, ^ 

and a ton weight is \ 

allowed to drop upon the I 

rail midway between the 

supports. The total length ^ 

of the rail should not exceed ^ ^ 

(5 ft., or the weight of the 
overhanging portions will L 

^add to the resistance of the 
i^Jctt-t^l part. For rails of X 

50 IbTwtdght to the yard the drop should 
bo 14 ft.,\liiJ 1 may added for each 
increase of 5^* /J?* m the weight of the v 
rail per yard. 

The rails should accurately 

to the presvTibed weigt^ Variations in 
section should not exceedSt m. ; varia- 
tion in length should not'eS^SPf^ 

The holes for the ;olt8 at 

must be accurately placed, and inuSW?® 

clean — that is, free from bux-s. 53. i 

Rails must show no irregularity on 
top, biit be perfectly smooth'; tii^ onds cros 
must be cut precisely at right anglea.i^n'i'i 
all burr removed. It is convenir 
of the manufaoturer.bo.rolled'k . 
on the side of the web of the rail,'^^ 


52. A FROG 


53. LARGE 
^ANGLE 


service of the rail greatly depends upono it. 
Rails being the essential things^bout a railway, 
it is impossible to know too much about them. 

Points and Crossings. The advantage 
of constructing the tyres of the wheels of rolling- 
stock with flanges in order to guide them along 
the rails is accompanied by the drawback that, 
whenever it is desired to transfer rolling-stock 
from one sot of rails to another, the continuity 
of the latter must be broken. Gaps sot in the 
rails to permit the p.-ssago of wheel flanges are 
called croasinga. 

The Frog. A dia- 
gram is given [62] of the 

rr7T:Z^s^:rr7rrr^£^ g£^pa provided at the 

place where two lines 
of way first come into 
rROG contact ; it is often re- 

ferred to as a frog. The 
point in the middle where the dotted lines are 
seen to cross each other is the centre of the 
crossing. It will be seen that the two rails 
approaching each other from the left meet in 
a point which is not extended to the centre of 
the crossing, but rounded off before this is 
reached, 'riiore is danger lest the flanges of 
wljeels passing from right to left should strike 
this point if it bo advanced too close to the 
iH'iitre of the crossing. Under any circum- 
stances it is a pla(!e that is subjected to 
special wear, and must be fixed and 
strengthened with special care. The rails 
approaching each other from the right 
arrive at their minimum distance apart — 
referred to as the throat of the frog — at a 
j)oint about as far from tlio centre of the 
crossing as the termination of the other 
^ rails. The rails then increase their distance 
apart, and pass on each side 
, ^ of the opposing rails, forming 
J (Uffow q»,L, guide for the outer side of 

^ * Ike flanges of the wheels of 

the rolling stock, and are 
finally splayed out to avoid 
^ any danger of being struck 

by the flanges of wheels com- 
ing from the other direction. 

The Angle. The in- 
clination of the tw'O sets of 
^ rails to each other is the angle 

of the croasing ; it is com- 
monly referred to by number ; the number 
is half the cotangent of half the angle. 

Clearance. Lines may cross each 
other at any angle. In order to under- 
;QE stand the provisions which should be made 
s to enable this to be dpno with safety, it 
must be remembered that the flanges are 
upon the inner sides of Jbhe wheels and 
project about an inch beneath the level of the 
top of thib rails, also that the distance b#ween 
the ' side of the flange in contact with one 
rail and the side of the flange in contact with 


tlio date, and it is sometimes providTOX^'i^^ v the side of the flange m con^t with 
number of the “ blow ’> shall be stampe^i?® X other rail is rather less than the gau^ 
«o that if a number of rails fi-om one b\ ^^Ma-the railway-that » to say, there is 


metallurgy, 
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Aovm diagrammatioally in 53, a jolt as the 
wheel passes over the gap cannot be avoided. 
When, howeveiyae in 52, the crossing is made 
at a small anja^^ the jolt is very greatly dim- 


pointed rails that can be switched aside sc 
as to bo passed by tlie wheel flanges eithei 
on one side or the other, according to the 
position of the points. An illustration of a 
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inished, if not entirely obviated. The effect of 
the acuteness of the angle of crossing is to 
bring the gaps in the rails into the form of an 
elongated parallelogram ; and since the breadth 
of the tyres of the wheels is^always made greater 
than that of the top of the rails, the wheel will 
have already reached the new rail before it has 
entirely left the old. 

Guide Rails. It will bo scon in 53 that 
additional rails are provided inside the usual 
rails to guide the wheels by confining the move- 
ments of the flanges on their outer sides. This 
has already 
been referred 
to in 52. The 
effect of these 
is to provide 
that at the 
moment when 
one wheel is 
passing a gap, 
and therefore 
not so com- 
pletely under 
the guidance 
of its flange as 
at other times, 
the other 
wheel fixed to 
the same axle 
is provided 
with a rail on 
each side of its 
flange, so that 
any tendency to movement from side to side is 
sufficiently opposed. 

Switches and Points. One means of 
diverting a train from the track upon which it is 
running to another line of way has been suffi- 
ciently described in the account which has been 
givin of the contractor’s or temporary railway. 
These contractor’s crossing and stub switches 
have been constructed with elaboration for 
permanent use, but have not been found satis- 
factory. On the permanent way the diversion 
of rolling stock is now universally accomplished. 


point, together with the stock rail or ordinary 
rail with which it is associated, is given in 54. 
The points are well illustrated in the photograpli 
[55]. The length of the switch, often called tongue 
rail, is usually About 15 ft. At the thick end 
it is pivoted, and here its cross-section is th*' 
same as that of the stock rail ; its distau(*e from 
the stock rail at this end must be suftieieiit to 
allow the flanges of the wheels of the rolling 
stock to pass betwticn. At the other end it is 
pointed, and the movement of the pivot is to 
enable this end to be moved, cither away from 

the stock rail 
so that the 
flanges of the 
wheels can 
pass at this 
end also, or 
close against 
it, so that the 
point comes 
between the 
wheel r ;ngo 
and the stock 
rail, thus di- 
verting the 
wheel and 
causing it to 
roll upon the 
switch. 

Cross- 
over Road. 
Fig. 56 shows 
diagram • 
matically the very ordinary arrangement pro- 
vided for crossing from one to another of two 
parallel roads. The position of the frogs and 
switches and the guide rails will at once be 
recognised. The photo [55] also contains several 
illustrations. 

Trailing Points. It will be seen [56] 
that trains passing from A to B come upon 
the point rails at the heel or pivot end first. 
Thus, whatever the position of the points, the 
direction of the tram could not be affected 
by them, and the pressure of the flanges of its 



55. SECTION OF RAILWAY LINE SHOWINO POINTS 



56. ORDINARY CBOSS-OVEB ARRANGEMENT OF RAILS 


in the Qrst instance, by means of % sv itch and com- 
dieted 1^ an elbow or “L,** a 

im example will be see^^ ' entre of 58. 
^fUa or switches ’ given to 


wheels would tend to press the point rails 
* Into their right position and retain them there. 

Facing Points. On the other hand, trains 
passing from B to A would come upon the 

^2923 
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57. THE MOST SIMPLE SYSTEM OP POINTS 


58. THREE-TIOIOW POINTS 

point rails, point first. Thus, if these were not 
in the right position the train would go wrong, 
and if, while the train were passing, the points 
were change d in position the train would bo 
broken in two, by the latter part of it being 
differently directed to the first. Facing points 
are, therefore, very much 
more dangerous than 
trailing points, and 
should be avoided 
where vor possible. 

Thus, if 56 be taken to 
represent a double line 
of way, the direction of 
traffic would be from A 
to B and from 1> to C, 
and not the other w ay 
about under any avoicl- 
able circumstances. 

Locking»bar« In 
places where facing 
points cannot bo avoided. 



box are various and complicated, 
especially at ‘ crowded junctions, 
where there are of many acres of 
ground covered wm crossing and 
branching lines of way. In these 
situations electric methods are now 
being introduced. 

Varieties of Points. Points 
are not necessarily provided with more 
than one tongue. Thus, in 57 is 
shown diagrammatically what are 
still called points, though only one 
is, -in fact, a movable point. It will 
be seen that the movement of this 
switch at the bottom of this figure 
will suffice to change the direction of 
a pair of wheels coming from the right, so that 
on reaching the fixed point at the top of the 
figure the flange of the wheel on that rail will 
already have boon brought into the right position 
if) pass it, whether on one side or the other. In 
58 three-throw points are shown diagrammati- 
cally. Hero more than 
one set of points are 
introduced at the same 
spot, and a train com- 
ing from the right may 
be sent in any one of 


the three directions, 
is suitable for main 
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TURN-OUT FROM 
MAIN LINE 

the mechanism by which the points are shifted 
is best connected with a bar called a locking- 
bar, disposed on the inner side of one of the stock 
rails so as to be locked or fixed in its position 
by the flanges of the wheels so long 
as a train is passing or standing over 
tho points. 'Clio points, being im- 
movable while the locking-bar is 
fixed, are kept in one position, 
whether right or wrong, until the 
whole train has moved by. Tho 
mechanism by which the points arc 
moved is simple in principle but 
exceedingly complex in applica- 
tion. It consists essentially of a 
series of links and elbows or bell 
cranks, such as are arranged by 
the bell-hanger about the domestic 
house. Since movements must 
be provided in lw)th directions, 
rods must generally be used 
instead of wires, and the 
levers are usually connected ^ 
with the signalling apparatus 
in such a way that the posi- 
tion of the points is known by 
the position of the signals. 

^ Interlocking. The details of the 
mechanism by ,yhich. these effects are 
produced aAd Patrolled from the signal- 


Neither of these devices 
line traffic, but is often 
UH?ful in station yards where space is confined. 

Safety Points. These are points main- 
tained by means of a weight or s|)ring is such 
a position as would send a train or engine, etc., 
into safety wdieu approaching them as facing 
])oints. In order that the train or engine, etc., 
may be sent in the alteinative direction, some- 
one must lift the w^cight or release tho spring. 
There are many situations where this device 
is useful; it is often provided for sidings lest 
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die trucks therein be blown by wind or other- 
wisp brought on to the main line by accident. 

DMlgn. Joints and crossings are critical 
parts of the pdNnanent wav ; they are subject 
to special wear, and must be specially designed 
and supported* The great majority of railway 
accidents are due directly or indirectly to defects 
in their parts. The approximation of the 
sleepers has already been shown in 43. The 
actual dimensions of the metal contained in ^ 
the frogs and switches depend upon the sec- 
tion of the rail in use, the gauge of the line, 
and other circumstances. A junction or cross- 
ing may have to be effected at very different 
angles. 

One line may be straight and another 
curved, or both lines may be on the curve, . 
and they may be curving in the same or 
in the opposite direction, introducing 
trigonometrical problems of some f-6'- L- 
complexity. 

A Turn-out. In 59 the simple ^ 
ease of a turn-out from the main lines 
is exhibited diagrammatically. Here G represents 
the gauge of the railway in feet. R the radius of 
the curve by which the turn-out is effected, and 
A the angle of the crossing ; L, the distance in 
feet between the springing of the curve from the 
main lines and the centre of the crossing, is 
called the lead. The following relations are 
immediately obvious : 

L = a cot ? , 


The two rails of the line turning out of the 
other have, of course, radii of curvatures differing 
by G, the width of the gauge separating them. 
R is the radius of curvature of the centre line. 

A convenient form for 
ej^ressing the lead is 
V(Ri T Riia in which R, 


ture of the two rails re- 
spectively. 

In the foregoing, it is 
assumed that the points are 
placed at the springing of the 
curve and are themselves curved 
to the proper radius ; also, 
that the lines of the frog are 
Curved. These conditions 
rarely obtain except in street 
, railways when curves are sharp ; 
consequently, in careful work 
the fact wat these portions 
of the turn-out are straight lines 
must ne taken into ac- 
counlu It is, perhaps, 
well to point out that con- 
siderations of space have 
caused the curves in 59 
to be drawn very much 
sharps thah they would 
. m^de upon the main .. . 

hnes of an ordinary > 

psiseiiger railway. J 
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61. CROSS-SECTION OF CULVERT 

Weight of Rails. The proper weight o. 
rails for a railway may be calculated from the 
following formula: .j 

weight per yard (linear) - 17 (R 4 0001 
where K is the maximum load on one wheel in ton^ 
and V is the maximum speed in miles per hour. 

Thus, if the maximum load on one wheel were 
10 tons and the maximum speed 40 miles per 
hour, the rails should weigh 87 lb. per yard, or 
about 75 tons per mile of single line. 

Curves. The curves of a railway arc 
described either according to the length of the 
radius of the circle of which they form part of 
the circumference, or accoid- 
ing to the angle at the centres 
of the circle wliich U .Sllb* 
tended by a chord 100 ft. in length. 
Thus a 6-degroo curve would be, 
J approximattily, the same as a curve 
•' having a radius of 955 ft., and a 15- 
I chain curve would be, approxi- 

■* raately, the same as a 5 deg. 44 min. 

curve. The amount of curvature is 
usually referred to as so many 
degrees per mile of line — that is to 
1) ' say, the total number of degrees 

y circumscribed divided by the length 

of line circumscribing them. 

Friction on Curves. Tlie 
^ extra wear and resistance 
to traction duo to curva- 
♦-/«% ture is of course greater 

on a sharp curve than on 
a comparatively flat 
curve, but the length of 
the latter is proportion- 
ately gr<,‘atcr, so that the 
aggregate effect of the 
, curvature is governed by 

*— 4 Sectiou magnitude of the 

[iVLVEBT sum of the central angles 
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of the curves about which the rails are turned. 
Curvature to the amount of 600 deg^'ces per mile 
would have the effect of doubling, approximately, 
the resistance to traction ; it would indeed offer 
about the same resistance to traction as an 
incline of 1 in 100, and bo very much more ob- 
jectionable — first, because the resistance would 
be the same both ways ; secondly, because the 
wear would be much more both on 
rails and wheel tyres. I 

The interaction of tyres and the 
rails will be best understood by re- 
ferring back to 37. The surface of 
the former, which comes into contact 
with the top of the latter, is called 
the tread. This is always shaped in 
the form of a cone. The coning is 
slight, and not sufficient to be very 
obvious, but, were tlie surface of the 
treads to be extended, a double cono 
would be fonnod, having an apex on ^ 

the outer side of each wheel and in 
line with the axle. Hence, when run- 
ning upon a straight portion of the ? 

lino of way, the wheels will tend to : < . 

take a central jiosition, with each **,1 ; 

flange clear of the rail. When run- j 
ning upon a curve, the flange of the 
wheel on the convex side of the curve 64. skc’tk 
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about a vertical axis. It is sufficient to point 
out here that the absence on railway trucks, e](c., 
of anything equivalent to the locking apparatus 
of a road carriage, causes on curves exactly the 
same amount of scraping and friction with the 
road as would result from turning a comer with 
an ordinary four-wheeled vehicle when the 
locking was jammed fast. While passing round 
^ a curve the carriages of which a train 
^ is composed form angles with each 

** * other, and on any change of curva- 
ture or reversion to the straight 
the buffers of the carriages — when 
lightly coupled — grind against each 
other. 

In modem railway design, the 
numerical results of the effects of 
curvature upon the capital and annual 
expenditure is carefully calculated. 

Superelevation. According 
to the first law of motion [see Phy- 
siesl, a train will continue to move 
on in the same straight line until 
77 acted upon by a force sufficient to 

I divert it. On reaching a curve in the 

^ line this force is supplied by the 

^ pressure of the outer rail of tlie curve 
on the flanges of the outer wheels 
OF WALL of the train, save as hereinafter ex- 


will be scraping against the side of 
tko wheel, except so far as this is modified by 
superelevatioriy which will be explained later. 
The effect of the wheels being fixed to the axle 
and thus necessitating the slipping of one of 
them an inch foy every degree of curvature, has 
already been dealt with in treating of the wear 
of the rails and length of the rails. This effect 
is in some degree modified by the coning of the 
heads, since the portion of the tread in contact 
with the outer rail is rather larger in diameter 
than the portion of the tread in contact with the 
inner rail, and will therefore move further than 


plained. It is, of couise, undesir- 
able that all the pressure should be provided by 
pressure on one side of one rail, when by 
raising the level of the outside rail of the 
curve sufficiently above that of the inside 
rail of the curve the needful pressure would be 
exercised by both rails, and upon their upper 
surface. 

The outer rail of the curve should, therefore, 
be raised sufficiently that the component of the 
force of gravitation in a plane parallel to that of 
the rail- tops shall suffice to divert the path of 
the train to the degree required by the curvature. 
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the latter during a given number of revolutions. 
Thus on a curve of about half a mile radius there 
would be little or no slipping from this particular 
cause. There remains, however, another result 
of curvature of the line, and by no means the 
least important. All road carriages have a 
locking arrangement, as it is called — that is to 
d^y, the axle upon which the two front wheels 
are ^^tached, eoid to which tihe shafts, or, in a 
motor-ear« th^ steering-gear is fixed, is movable 

2«6r ’ 


The amount by which it is raised is called the 
superelevation. If all trains moved round a 
curve at the same rate the superelevation could bo 
calculated to fulfil perfectly the conditions above 
set out, so that the wheels would pass with their 
fiai^es equidistant from the rails, as before ex- 
plained. Howc’.cr, all trains do not move 
round a curvet the same rate, so a compromise 
must be adored ‘ according to the traffic con- 
ditions. The aj^plication of elementary 'mechanics 
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will dhow the superelevation for a lino of 
starfBard gauge to be *4 ia feet« where V is 

the speed of the train in miles per hour , and 
R the radius of the curve in feet. Of course, 
on curves with an up grade the average speed, 
and therefore the superelevation, will bo less, 
and where trains are to pass in both directions 
another compromise must be effected so that 
superelevation only partially counteracts one 
source of friction upon curves. 

Transition Curves. So far, it has 
been assumed that the curves of a railway lino 
are throughout the arcs of circles. Now, a circle 
is a curve of uniform curvation ; immediately 


the curve, being there too much and here too 
little, and causing a lurching of the train vei*y 
unfavourable to steady running. 

Obviously, therefore, the right thing to do 
is to l)egin the curve at tangent point with a 
circle of infinite radius for which the super- 
elevation would bo nothing, and continue it by 
reducing the radius of curvature and at the 
same time increasing the superelevation, until 
the desired radius of curvature and its pr<mer 
superelevation were gradually attained. The 
mathematics involved in such procedure is 
complicated, and though tables have been 
computed by the help of which transition can 
be made in this manner, it is more usual to 
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a train or» rather, a pair of wheels, enters upon 
a circular curve, it begins to turn, and continues 
to turn 9,t tho same rate until it passes out of 
that curve. The superelevation ought, there- 
fore, tOLbe as great at the beginninjg as at any 
other of a circular curve. This < is seen in 
the foliar of the expression for it already given. 

depends only upon the speed and the 


radius of curvature. But the outer rail cannot 
be suddenly raised 4 in. or 6 in., as the cose 
may be, at the tangent point whire. the curve 
hegm, ot similarly depressed at end of the 
ci^e. The superelevation mip, therefore, 
beghi befm the curve and lap-fncreased upon 


introduce a short cubic parabola between the 
circular curves and the straight portions of the 
line* wherever required for the safety of tlio 
service, or for the comfort of the passengers. 

the articles on Surveying for the means 
to be adopted to lay out a cubic parabola. 

Waterways. Tho bridging of rivers and 
brooks is dealt with in another article. It 
remains, however, to treat' with exceptional 
rainfall. This is not conspicuous in our 
favoured islands, but most countries at 
intervals of 10 years or 20 years (or oftener 
in the Tropics) are subject to storm-bursts, 
etc., when water appears in places which 
are at all other times dry, in quantities 
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sufiieient to demolish long stretches of railroad 
unless provision has been made to deal with 
them. To this end the character of the rainfall, 
the soil, and the area drained must be examined. 
The question to decide is: How much of the 
rain falling on one side of the railway must 
pass it to the other side, and in what time ? An 
inch of rain in 15 minutes is, of course, a very 
different thing from an inr h of rain in an hour, 
since the latter has four 
times as long to run away. 

A porous soil will soak 
up a lot of rain, whereas 
a clay soil will allow nearly 
the whole of it to run off ; 
and the same thing will 
occur on porous soil if a 
storm-burst occurs after 
a rainy period when the 
soil is saturated. If the 
drainage area stretched 
away from the railway a 
long distance, the water 
from it will arrive in more 
manageable amounts than 
if it were all within a short 
distance of the railway. 

Area of Opening. 

The first rough idea of 
what area of openings through the line will be 
needed to carry off flood w<iter may be gained by 
applying the formula 

A C Vs 

where A is the number of square feet required 
for the openings, S the area drained in acres, 
and C a constant quantity ; to bo taken equal 
to I or *7 for steep, rocky localities, for 
rolling country, and -2 or lesi v hore the drainage 
area stretches away from the line a distance 
live or six times its width. 

If, then, the area drained were 10,000 acres 
of ordinary agricultural land the number of 
square feet of opening required would not lx> 
less than 200 ft. or more than 700 ft. This is a 
very wide margin in which to exercise judg- 
ment. In order to 
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66. PLAN OP RAILWAY WATER TROUGH 


with a strong arch above to transmit the 
pressure from- above, and an invert arch ‘Mth 
concrete foundations to distribute the pressure 
over the earth below. In spite of the latter 
precaution it will frequently be found that the 
culverts in a high embankment have been bent 
downwards in the middle by pressure of the 
superincumbent earth. Smaller culverts may 
be built in the manner shown in 62, where the 
end elevation and longitu- 
dinal section as well as 
the cross-section is shown. 
Culverts, particularly a 
culvert of circular section, 
as this is, may be per- 
mitted to run, full or even 
with a head as a level 
of water higher than the 
height of the inside of the 
culvert on the up side is 
called. In general, how- 
ever, it is best to make the 
culverts sufficiently largo 
to prevent flood water 
“ backing up ” against the 
railway baik. 

Points about Cul- 
verts. It is in all cases 
important to preserve the 


embankment near the openings of culverts from 
the erosion of the water entering or leaving 
them. Thus, wing walls are often provided 
like those attached to ordinary bridges, but on 
a smaller scale. In 62 the culvert is shown 
provided with a flat face, and a channel of 
stone pitching sloped at 1 in 12 and 12 ft. 
long, is built at the down end to carry away 
the water rapidly and safely. The culvert 
itself should have a slope of 1 in 20. Cast-iron 
pipes are also useful for small culverts, and 
those too def(.*etivo to carry w^ater under pressure 
are often good enough. 

A culvert may sometimes be economically 
roofed with old iron rails jdactKl contiguously. 
Indeed, there are a great many uses about a 
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culvert be allowed to approach too near forma- 
tioi» level, there is sure to develop a bump 
which will be very perceptible as an engine 
passes above it, and which onco established is 
most difficult to cure. The crown of a culvert 
should, therefore, be kept 3 ft. or more below 
the formation level. 

Fenroing. A well-grown hedge forms the 
most economical fence where the soil, etc., is 
suitable, but it takes some time to grow. Sup- 
plemented by barbed wire to prevent trespass 
it makes a very satisfactory boundary. In- 
numerable other forms of fencing are in use. 
A common type of ordinary post and rail 
fence is shown in 63. When a wall is necessary, 
the dimensions given in 64 are necessary and 
sufficient. 

It frequently happens that gates must bo 
provided in the fence to enable farmers’ carts, 
etc., to cross the lino. A common example is 
shown in 65, in which a side wicket is introduced 
for foot-passengers. It will be noticed that the 
gate-posts are squared only aboveground and the 


timber beneath is left in the rough. This gives the 
post a better hold on the ground, and provides a 
better defence against decay. The wood under 
ground should also be charred. If the timber 
below ground is not. left rough, charring will 
w eaken it unduly, and the post in this case should 
bo creosoted, as sleepers are. A stout fence 
ma;’ be constructed of old sleepers where those 
are available. The sleepers of a standard 
gauge railway being 9 ft. long permit of a fence 
5 ft. 6 in. high, 3 ft. 6 in. being under ground. 
Old rails may also be turned to account in like 
maimer, though there are generally other more 
useful purposes to which they may bo put. 

Water Supply. The water consumed in 
locomotive boilers is a very variable quantity, 
and depends chiefly upon the work done b'y the 
engine. On down grades it will be small, on 
up grades it will be high, and heavy trains 
will involve a consumption greater than light 
trains, by an amount roughly proportional to 
the difPeronce of weights, suppoiung that Uie 
same len^ of line is undet. consideration and 
the speeds are about -^quarV Fifty to one 
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hundred gallons per mile are the usual limits, 
and stations for w^ater supply should be 
provided at intervals not greater than 16 miles 
for the lightest traffic, and as close as 10 or 8 
miles on roads over which the traffic is heavj'. 
The general question of water supply may bo 
studied in another article. 

TracK Troughs. Onlines where a quick 
service is necessary, and long distances must 
be accomplished without a stop, troughs con- 
taining w'atcr are placed upon the sleepers 
between the rrils. Passing trains arc fitted 
with a scoop which enters the trough while 
moving and lifts sufficient water to enable the 
engine to proceed. Illustrations of such a trougli 
are given, the plan in 66, and half-section in 
67. The aceomi^anying photograph [68] show^ 
graphically the section of a nulw'ay line w'ith 
tw'o water troughs. Such troughs are usually 
placed in cuttings whenj a natural supply of 
w^ater can bo obtained by gravitation. 

By the action of the scoop a great deal of it 
is spilt over the line, and special means must. 


tluu'cforc, be taken for the drainage of tlie 
permanent w’ay in these places. ^J’he half- 
section in 67 shows how this may bo ae(!om- 
plished. Two fmd of stone pitching is provided 
beneath the ballast, and 6 in. of cinder below 
the stone j)itching where the troughs are placed, 
w’hile at the fc'.ide is shown the diminished 
thicknesses providt‘d for other parts of the same 
cuttingr>. Since the surface of tl e water in the 
troughs is necessarily level, the rails are made to 
slope from the commencement of the trough, so 
that the scoop enters the water automatically. 
It is made to leave the W’atcr by the same means 
As to the quality of water requirt'd for locomo- 
tive boilers it does not differ from that required 
for other steam-using purpose. 

Water Tanks. The water tank on the 
tender of a locomotive may contain 10 or 
20 tons of water, and tanks by the waysidt' 
from which the former are to be supplied 
must be dimensioned accordingly. They should 
be placed 8 ft. 6 in. from the centre of the 
nearest track, and about 12 ft. above tlie 
level of the rails. It is sometimes necessary 
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to provide for the injection of steam tjjp prevent 
freezing, but this applies with most force to the 
water troughs described. 

Stations. Large stations are usually 
situated in large towns, where' the arrange 


in contrary directions upon ihO main line might 
pass each other with less delay; 11 ft. w is 
the usual distance between the centres of 
adjacent lines of rails. The width of land 
taken up, therefore, suffices for two more 



ments are always determined to a consi<lerablo 
degree by the configuration of the available 
ground. 

In 09 is shown the arrangement laid out for 
a wayside station of a single lino of standard 
gauge railway that is in many respects typical. 
The sidings c e and d f are long enough to accorn- 
modato trains of 15 or 16 tracks, and land is 
provided to enable extensions to bo made when 
and^if they are warranted by future increase 
of traffic. The siding c e might be extendod in 
the direction from c to c to twice its length, 
and another junction with the main line then 
made. This would probably bo the 
first thing to be done, since it would 
provide a means by which trains moving 
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sidings on either side of the lines of rails shown. 
The platform is most conveniently made 
3 ft. high, measuring from the ballast, though 
it may bo less. 

Platform Structures. No structure 
upon the platform should be less than 11 ft. 
from the centre of the contiguous line of 
rails. Other distances commonly observed are 
given in 70. Hero it will bo seen that the 
ordinary width of rolling-stock for a standard 
gauge railway is 8 ft. 4 in., and its height 
above rail level 13 ft. 6 in. One foot is allowed 
between this height and that of me lowe.st 
structure \inder which it should be permitted 
to pass, which makes the least headway or 
height of lowest bridge above rail level 14 ft. 
6 in. The dimensions are shown by the dotted 
lines on the diagram. 

With regard to buildings and other sinicture \ 
at the side of a line, 
none should ap- 
proach nearer than 
7 ft. to the centre of 
a line on which pas- 
sengers are carried 
at heights above rail 
level between 12 ft. 
Bin. and 11 ft., or, in 
the 0^0 of a goods 
line, nearer than 5 ft. 
6 in. between the 
same heights. With 
other gauges and 
different rolling- 
stock these measure- 
ments will, of course, 
be modified, but tho 
illustrations afford a 
concise notion of 
what has been found 
necessary and suffi- 
cient on lines of the 
English standard. 

R. W. WESTERN 
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The Present Condition ot the Novel. Short Studies In Meredith 
and Hardy. Some of our Later Exponents of Fiction. 

THE NOVELISTS OF TODAY 


F or the present study we have reserved the 
work of those novelists who were living at 
the beginning of the twentieth century, and in 
most cases are still writing, as wo are }x?rsuaded 
that there is great need in a work of this kind to 
insist upon the merits of living writers when so 
much of our attention must necessarily be drawn 
to the authors of the past. We have no sym- 
pathy with critics who seem never so happy 
as when they are sneering at the productions of 
their contemporaries. A wory little study of 
literary history will show that in all ages there 
have been critics who have maintained this 
pose. Shakespeare had many detractors in 
his own day ; Scott was not without his adverse 
critics; Dickens was scoffed at as a writer of 
low Cockney books. Rather is it desirable to look 
around us, that we may discover what is good 
in the work of our contemporaries. And if wo 
but do this today we shall be agreeably surprised 
to find how excellent is the prose fiction of our 
living writers. 

The Novel a Perfected Instrument. 

If wo havejiot many giants among us — and this is 
the most difficult of all things to determine, as 
we require some distance of time to measure 
accurately the real dimensions of a great writer — 
thei’e is no manner of doubt that the general level 
of excellence represented by the body of con- 
temporary fiction is considerably higlier than 
that obtaining in any former period of our 
literary history. The novel has become in our 
own day a perfected instrument. From a formless, 
lumpish, uncraftsmanlike thing, such as wo find 
it ill the hands of even great writers in the past, 
it has developed into an admirably proportioned 
and wonderfully effective literary medium. 

A Healthy Sign of the Times. What 
we Ire saying is that the average good novel 
of today is as superior to the average novel 
of the mid- Victorian days as a modern express 
locomotive is superior to the old “ Puffing 
Billy.” This means that the literary art, as dis- 
tin^'t from genius — which may be, but is not 
always, above and independent of convention — 
has vastly imiiroved from the days of our fore- 
fathers. In support of our assertion we have only 
to examine any representative stoiy by such 
writers as Mr. Israel Zangwill, Mr. Eden Phi 11- 
potts, Bir Arthur Conan Doyle, Mr. Arnold 
Bennett, Mr. Maurice Hewlett. Sir Gilbert Parker, 
Mr. Neil Munro, Mr. A, E. W. Mason, and at 
least a score of other well-known writers, to realise 
^w firm and admirably wrought is the texture 
of our contemporary fiction as compared with 
that of any previous period. 

The fact that, side by side with what is entirely 
praiseworthy in the modern novel, there exists 


a vast amount of fiction that is undeniably 
trashy, false to every canon of the literary art, 
useless and often worse than useless as furnishing 
for the mind, has led hasty critics into un- 
fortunate generalisations condemnatory of the 
whole body of contemporary fiction. In all 
times, and everywhere, the weeds have flourished 
as luxuriantly as the flowers — often more pro- 
fusely. It is so today in the world of letters, 
but not more so than at any time in the past. 
That so many of our best living novelists are 
widely and intelligently read by an ever- increas- 
ing public is of far more importance than the fact 
that an immense number of superficial wTitor.s 
secure large circulations for their works by the 
patronage of the uncultured. 

George Meredith. There is, of course, 
a sense in which the two great novelists of tho 
])eriod under notice, Mr. Meredith and Mr. 
Hardy, should have come into our previous study. 
As writers of iictioii, both may be said to have 
ended their carders before the twentieth century. 

Stevenson owed a great deal to Okoikjk MiffRio- 
DlTir (b. 1828 ; d. 1900) ; and this fact may bo 
taken as specially significant. Though bis 
first book, a volume of poems, was published 
in 1851, Meretlith did not begin to be appreciated 
by the ])ublic till quite thirty years later. 
Though there now exists a Meredith cult, it 
cannot be affirmed that its “ idol ” is popular. 
We. may reasonably doubt if ho will ever he road 
as widely as, say, Thackeray, or if he will over 
bceomo a ” classic.” But to tho student of con- 
temporary English fiction Meredith is something 
gn'jiter than a popular writer. He was a greal 
infl nonce. Stevenson counts but as a unit 
among those who were or will bo influenced by 
him. There are various reasons for tho power ho 
has exerted. Tho chief roa.soii is tliaf ho choso 
to look at life with hi.s own eyes, and to doseribo 
it in his own words. The life he depicts may not 
be the life with which wo arc all familiar. His 
people are, as he has described them, “ actual, yet 
uncommon.” Meredith is a social satirist. Full 
often he smites and spares not. But it is scalpel 
work, never mutilation. He was a poet before 
ho was a novelist, a philosopher before ho was a 
poet, and his novels are poetry and philosophy 
combined. His place is with Browning and 
Carlyle. They and he have the defects of their 
qualities. But what splendid qualities these 
are ! Meredith is thought-compolling. He gives 
exercise to the mind. He is a fellow-traveller 
on life’s journey who gives readily from a store 
of experience that is vastly greater than our own. 

How to Study Meredith. Some of ut: 
have not yet learnt that wo get no more from 
a book than we bring to it. Tho Mercdithian 
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mind is an intellectual Golconda. j Hie right 
way to “ work it is to study the inland find 
out the origin and motive of his writings. None 
of Merodith*s novels can be fully appreciated at 
a first readit^. Knowledge, as well as industry, is 
^essential. How, for example, can “ The Tragic 
Comedians be understood jpfioss the reader 
know something of the career of the German 
S^ialist Lassalle ? But the diligent student 
will find Meredith to a very considerable extent 
self-critical and self-explanatory. As to his style, 
this is admittedly difficult ; it is like a river with 
many tortuous windings but noble reaches. But 
his English, at its best, is the best English of his 
time. He is to be studied, not imitated ; and the 
study should result in a disregard for the iteration 
of toil-worn phrases. A writer,” he says, “ who 
is not servile and has insight must coin from his 
own mint.” 

M eredit h*s Style. It has been very happily 
said of him that “he thinks in metaphor,”' 
which is precisely what the ruck of mankind 
does not do. Hence, it is not surprising that to 
the average reader the works of this great novelist 
should present grave difficulties of style. Curi- 
ously enough, we find his poetry presenting a 
clearness and grace of diction, a simple beauty of 
words, which is nearly always foreign to his 
proie manner. The late Ashcroft Noble observed 
with much truth that “ his speaking voice is an 
affair of organisation ; his singing voice is the 
result of careful training.” In other words, 
Meredith the novelist tells his story in a manner 
natural to the man ; but in his poetry the con- 
scious artist, under the restraint of his medium, 
has to rid himself of the perpetual involutions 
of metaphorical thought which are natural to 
him and characterise his work in prose. 

Begin with ** Richard Feverel/’ 

There can be no question that the best of 
Meredith’s novels to begin with is “ The Ordeal of 
Richard Feverel.” If we ask “ What is edu- 
cation ? ” we have here an answer equivalent 
to many debates in Parliament and many 
speeches on political platforms. We have 
education not merely described but seen in 
action. If we ask “ What is love ? ” “ What 

passion ? ” we have but to take up “ Richard 
Feverel ” to see these two dominating attributes 
of our common human nature sot forth with a 
freshness, a vigour, a reverence, a sympathy, 
a feeling for external nature — with a knowledge, 
in short — unrivalled by any other writer of 
contemporary fiction. If we seek an example 
of the analysis of motive we cannot do better 
than study, and we shall be the better for 
studying, the dissection of Sir Willoughby 
Patteme in “The Egoist,” in modem fiction 
surelv the most finished portrayal of any ty^ 
of character, an “uncommon” character m 
which every readers will find some phase of his 
own self revealed to him. “Beauchamp’s 
Career,” “ Diana of the Crossways,” and “ The 
Adventures of Harry Richmond ” ar^tho best of ' 
Mere(UtS!ii> other nbvels ; “ The Shaving of 

Shagpa0^ th^ .most richly imaginative. To 
show if not ^ways “ the art of 


taking pains,” and does not despise drudgery, it 
may be sufficient to mention that fpr thirty 
ears Meredith was literary reader to a well- 
nown firm of publishers. 

Thomas Hardy. If with Browifing and 
Meredith we believe that 

“ God’s in His heaven ; 

All’s right with the world 1 ” 
a study of the novels of Thomas Hardy (b. 1840) 
will be a somewhat mixed pleasure. Hardy, 
even more than Meredith, has great dramatic 
qualities. But Hardy’s is the voice of the 
countryside — of the countryside that is far 
removed from town. To him the greenwood 
tree suggests not merriment, but destiny ; a 
pair of blue eyes not heaven, but Fate. Life 
is a tragedy with a few interludes. . The coast 
of Dorset might almost , be the shores of old 
Armorica. Yet the philosophy of this Dorset 
seer is stem, not weeping.. The words of 
religion are quoted freely, in bis novels, but 
in the spirit of the educated pagan. The 
peasants he introduces to us lielong to a part 
of England the exclusiveness of which is only 
now being broken into. Their ways and modes 
of thought arc de})icted with a realism that, is 
pitiless, though the novelist lightens his narra- 
tives with many a flash of genuine humour. 
Hardy is a writer who must be approached with 
an understanding of his own environment, which 
is the environment of the characters of his novels. 
The student must gain the. novelist’s point of 
view ; then, even in the case of “ Jude the 
Obscure,” in place of the repulsion that many 
might otherwise experience, simple admiration 
of the writer’s art will be awakened. This art is 
undoubtedly circumscribed, but it is great art, 
nevertheless. Every incident in the novels 
written by Thomas Hardy is calculated with 
unerring skill ; the movement is controlled from 
the outset with the deliberation of conscious art. 
The style is as direct as the plot ; its distinction 
is derived from its subject-matter. 

Hardy’s Best Novels. With Hardy, stylo 
without thought is mere vanity. “ A wr^r’s 
style,” he once wrote, “is according to his'xem- 
perament ; and my impression is that if he has 
anything to say which is of value, and words 
to say it with, the style will come, of itself.” 
Like Meredith, Hardy is a poet ; like him, again, 
he is scarcely a “ popular ” author, though both 
have received in more recent years far more 
public favour than in the prime of their lives. We 
have said enough, perhaps, to show that he is an 
important novelist for the student. His best 
work appeared in the following order : “ Under 
the Greenwood Tree” (1672), “A Pair of 
Blue Eyes” (1873), “Far from the Madding 
Crowd (1874), “ The Return of the Native ^ 
(1878), “The Mayor of Casterbridge ” (1886), 
“The Woodlanders” (1886-7), “Teas of the 
D’Urbervilles ” (his greatest novel, 1891), and 
“Jude the Obscure” (1894-6). The reader 
would do well to take up his novels in this 
sequence, but his always popular story “Far 
from the Madding Crowd may be confidently 
regarded as most representative of his art. 



The Teat of a Novel. At this point we 
think it well to define more particularly than we 
have yet done the supreme quality of a good 
novel. We have in our previous study seen that 
the melodramatic story is one in which inci- 
dents are of first importance. Human nature, 
the facts of life, do not concern writers of this 
class of fiction. Their chief stock-in-trade is the 
“ thrilling situation.” True, in life there are 
many incidents as thrilling as any ever invented 
by the most ingenious sensation-monger, but the 
difference lies in the fact that the great episodes 
of life, like the great rivers of the world, have 
their source in little things, and convey no lesson 
to us unless we know something of the source 
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Crowd,” h(p will find that the fifth' chapter con- 
tains one of the most tragic episodes in modern 
fiction, related in a simple, unaffected stylo, but 
coming like a peal of near thunder on a summer 
day, startling, portentous, “ thrilling ” if you ^ 
will, but absolutely inevitable in the drama the " 
novelist is unfolding. It tells how Gabriel Oak, 
the young farmer who is the hero of the story, 
has come within sight of his long-toiled-for suc- 
cess, and has thoughts of marriage, when, one 
night, ho is reduced to ruin by the misguided 
zeal of a shee])-dog, which drives some two hun- 
dred of his flock, whose lambs have not yet come, 
into a chalk-pit. “ The sheep were not insured. 
All the savings of a frugal life had been dispersed 
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from which they spring. In all works by at a blow. ... It was a.s remarkable as 
masters of fiction it will be found that the it was characteristic that the one sentence lu* 
“ supremo moments,” the crises which they uttered was in thankfulness i ‘ Thank God I am 
describe, have grown steadily, remorselessly, not married ! What would she have done in 
fatefully, out of the lives of their “dramatis the poverty now coming u[)oii me ? ’ ” 
personas,** and have not been invented merely This tragic episode is described with j>erfect 
to “ thrill ** ^r shock the reader. This does not literary art and fidelity to life. It keys the whole 
mean that the supremb moment must come story through the fifty-odd cliajsters that follow, 
late in the story ; it may occur early in the nar- It exercises a mighty influence on the character 
rative ; but when such is the case it will be found of the hero and his relations with the other 
to dominate the entire book, to shape and colour persons of the romance. It is essential to the 
everything that follows. story, woven into the web of it, impossible to 

The •• Inevitable Incident. If the be removed without ruin to the whole. That is 
loader will turn to “ Far from the Madding what we mean when we speak of the incidents 
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in the works of great novelists as being inevit- 
able.” When the reader thoroughly appreciates 
this, he will have no difficulty in distin^ishing 
between the novel of true character and drama 
^ and the novel of false character and melodrama. 

' Kipling’s Place aa Novel iat. One 
of the principal features in the fiction of our 
time is its note of social criticism, especially 
in regard to women. Mr. Rudvard Kipling 
(b. 1865), touched this note in “ The Light 
that Failed,” but Kipling is to be found at 
his best in his short stories of Anglo-Indian life, 
“Kim,” and his outdoor books for children. 
In his prose as well as in his ballads he has 
depicted the Cockney soldier abroad with 
unerring insight and fidelity. His prose fiction 
is as worthy of serious study as that of any 
master of the near past. Whether his opinions 
please or irritate us, we must acknowledge that 
he possesses an absolute individuality in his 
stylo ; that he is a “ maker ” and not a mere 
journeyman of letters. The clash of rival 
forces and the mystic spirit of the dreaming 
East have found reflection also in the work of 
Mrs. FIiOra Annie Steel (b. 1847), particularly 
in ” O n the Fa ce of the Waters ” and the short 
stories published under the title of “ In the 
Permanent Way.” The bitterness of outlook 
in thT^Tiovels of Thomas Hardy is more than 
equalled in “ The Story of an African Farm,” 
wiitten by Mrs. Olive Schreiner when she was 
quite a girl. Revolt, too, though of a more tem- 
perate kind, is a characteristie of the novels — 
“"Marcella,” “ The History of David Grieve,” 
and “ Robert Elsmere ” — of Mrs. Humphry 
Ward (b. 1851), a granddaughter of Arnold of 
Rugby, and a writer whose work claims con- 
sideration with, as it is influenced by, that of 
George Eliot and Charlotte Bronte. 

The •• Society ” Novel. What is called 
the “ society novel ” includes among its writers 
Mr. E. F. Benson (b. 1867), author of ” Dodo ” 
and “ Mammon & Co.” ; Mr. F. C. Philips 
( b. 1849), author of “ As in a Looking-glass ” ; 
Mr. Percy White, author of “ Mr. Bailey- 
Martin,” “ The West-End,” and “ Andria ” ; 
“ Benjamin Swift ” (Mr. William Romaine 
Paterson) (b. 1871), author of “ Nancy Noon ” 
and “ Ludus Araoris ” ; Mr. John A. Steuart 
(b. 1861), author of “Wine on the Lees”; 
Mr. Wtliaam J. Locke (b. 1863), author of 
“ Derelicts,” who has made great advances in 
recent years ; Mr. Edwin Pugh (b. 1874), 
author of “ Fruit of the Vine ” ; Mr. Leonard 
Merrick (b. 1864), author of “ The Man Who 
Was Good ” and “ The Worldlings ” ; “ Ouida ” 
(Mile, de la Rameb), author of “ Moths ” and 
“ The Waters of Edora ” ; Miss Braddon (Mrs. 
John Maxwell) (b. 1837), author of “Lady 
Audley’s Secret ” ; Mr. W. B. Maxwell, a son 
of the last- mentioned writer, author of “ Vivien,” 
“ The Ragged Messenj^er,” and “ The Guardi 
Flame>” an works of distinction. 

^ Mr. H. G. Wells (b. 1866), in addition to 
writing A series of remarkable semi-soientific 
half-sS^og^oal works, which have caused 
hiiQ Compared to both Jules Verne ailil 


Herbert Spencer, lias in “Kipps” penned a 
social satire of exceeding power.. Miss ViofiET 
Hunt, author of “ A Hard Woman,” “ The 
Celebrity at Home,” and “Sooner or Later,” 
and Miss Beatrice Harradbn (b. 1864), author 
of “ Ships that Pass in the Night ” and “ Hilda 
Strafford,” are writers whose works are repre- 
sentative of the Iningled satire .and brilliant 
pessimism which is to bo found in the books 
of many women novelists. 

Realists and Others. Among those who 
have sought, somewhat after the method of 
the French school, to photograph humble life 
may be cited Mr. Arthur Morrison (b. 1863), 
author of “ Tales of Mean Streets ” ; Mr. 
George Moore, author of “ Esther Waters,” 
and an acknowledged pupil of Zola ; William 
Somerset Maugham (b. 1874), author of 
“ *Liza of Lambeth ” ; and Mr. Richard 
Whiteing (b. 1840), author of “ No. 5, John 
Street.” In “ The Passport,” Mr. Richard 
Baogt (b. 1860) has written a brilliant exposure 
of Vatican intrigue ; and religion and ethical 
quf*stions are dealt with by Mr. Wilijam 
Huruell Mallock, Dr. William Barry 
(1).. 1840), “Mark Rutherford” (Mr. William 
Hale White) (d. 1913), and Mr. F. T. Bullen 
(b. 1857). Questions of the day form the theme 
of such purely “ popular” writers as Mr. Hall 
Caine (b. 1853) and Miss Marie Corelli. 
Mr. C0UI.SON Kernahan (b. 1858) has achieved 
distinction in the department of allegory; Mr. 
Harold Beorie (b. 1871) has distinguished 
himself in many veins; Mr. Robert Hichens 
(b. 1864), who produced a striking society 
novel in “The Woman with the Fan,” also 
in “The Black Spaniel ” touched the macabre 
vein, so distinctive of the work of Mr. Arthur 
Machen (b. 1863), author of “The House 
of Souls.” 

Modern. Romance. In the realm of 
historical romance, prominent places arc 
claimed for Sir Arthur Conan Doyle 
(b. 1859), author of “ The White (Company ” 
and “ Uncle Bernac,” and the creator of 
“ Sherlock Holmes ” ; Mr. Stanley Weyman 
(b. 1855), author of “ A Gentleman of France,” 
“ Under the Rod Robe,” and “ My Lady Rotha 
Sir G114BEBT Parker (b. 1862), author of “ The 
Seats of the Mighty ” ; Mr. Anthony Hope 
(Hawkins) (b. 1863), author of “ The Prisoner 
of Zonda ” and “ Quisant^ ” ; Mr. Maurice 
Hewlett (b. 1861), author of “The Queen’s 
Quair ” and “ The Forest Lovers ” ; Mr. S. 
Levett-Ybats, author of “ The Chevalier 
d Auriao” ; Mr. S. R. Crockett (b. 1860; d. 1914), 
author of “ The Red Axe ” thd “ The Raiders ” ; 
Mr. Bernard Capes, author of “ A Castle in 
Spain” ; ** John Oliver Hobbes ” (Mrs. Craigie) 
(b. 1867 ; d. 1906), author of “A^ School for 
Saints ” and “ Robert Orange ” ; “ M. E. 
Francis ” (Mrs. Frances Blundell), author of 
“ Yeoman Fleetwood ” ; an<J Mr. F. Frankfort 
Moore (b. 1855), author of “Tlwt Jessamy 
Bride.” Romance pure and sitnple and fasci- 
nating marks almost eVeiy book that has come 
from the p^ of Mr, and Mrs. Eqrrton Castle, 



joinj authors of “ Young April ’* and ** If Youth 
but Knew.** The quality of a rare humour 
distinguishes the stories of Sir .Jambs M. 
Babbib (b. 1860), stories that stand quite by 
themselves, as “The Little Minister” and 
“ The Little White Bird,” and the short sketches 
collected in “ A Window in Thrums ” and 
“ Auld Licht Idylls.” The romance of adventure 
in Far Eastern seas has found in Mr. Joseph 
Conrad (joint author with Mr. P. M. Hueffer 
of “ Romance ”) a skilful interpreter. Mr. 
Louis Beckb (b. 1848) transports the reader to 
the islands of the Southern Sea.s, as in “ Rodman 
the Boatsteerer ” ; while Mr. R. B. Cunninghamb 
Graham (b. 1852) has written with masterly 
touch of the romance of life in South America, as 
in “ The Ipan<^.” Australian life is reflected in 
the books of “ Rolf Boldrewood ” (Mr. T. A. 
Browne) (b. 1826) and Mr. E. W. Hornung 
(b. 1866), author of “ The Rogue’s March ” and 
“ A Bride from the Bush.’* Mr. Max Temberton 
(b. 1863) has won wide j^opularity by his novels 
of pure adventure, a vein also profitably worked 
by Mr. C. J. CutcliFfe ITyne (b. 1866). South 
Africa as a field of adventure has been exploited 
to some purpose in the highly coloured pages 
of Mr. H. RruER Haggard (b. 1856), author of 
“ King Solomon’s Mines,” “ She,” “ Ayesha ” 
(an old title revived), and “ Stella Fregelius.” 
The roving spirit is well expressed in the work of 
Mr. Mobley Roberts (b. 1857). Mention mu.st 
also be made of the fine works of Sir A. T. 
Quiller-Coucti (b. 1863), author of “ Troy 
Town” and “ The Splendid Spur ” ; Mr. Theo- 
dore Watts -Luntoij (d. 1914), author of 
“ Aylwin ” ; Mr. Charles Marriott (b. 1869), 
author of “ The Column ” and “ Genevra ” ; 
Mr. A. E. W. Mason (b. 1867), author of “ The 
Courtship of Morrice Buckler ” and “ The Four 
Feathers ” ; Mr, John Oxenham, author of 
“ John of Gorisau ** and “ Barbo of Grand 
Bayou ” ; Mr. R. H. Benson, author of “ The 
King’s Achievement ” ; and Mr. W. H, Hudson. 
There is also much to admire in the writings of 
the Rev. S. Barino-Goulu (b. 1834), whoso 
“ Mehalah ” has been widely read ; Mr. Neil 
Munro (b. 1864), author of “ John Splendid ” ; 
Mr. David Storrar Meldrum (b. 1865), author 
of “ The Story of Margrckiel ” ; “ Zack ” (Miss 
Gwendoune Keats) ; David Christie Murray 
(b. 1847 ; d. 1907) ; Mr. W. E. Norris, author of 
“ Giles Ingilby ” ; Mr. Eden Philltotts (b. 1862), 
author of “ Children of the Mist ” and “ The 
Secret Woman ” ; Mr. Halijwbll Sutcliffe 
(b, 1870), author of “ Ricroft of Withens ” and 
“ Through Sorrow’s Gates ” ; Mr. W. C. Clark 
Russell (b. 1844 ; d. 191 1 ), author of “ The Wreck 
of the ^Grosvenor”* ; Mr. Laurence Housman 
(b. 1867), author of “ An Englishwoman’s Love 
Letters ” and “ A Modern Antteus ” ; Mr. 
Israel Zanqwill (b. 1864), author of “ Children 
of the Ghetto ** ; Mr. Hugh Walpole, Mr. 
Arnold Bennett (as popular as a playwright 
as a novelist), Mr. R. Murray Gilchrist, 
Mr, Jeffrey Farnol, and Mr. J. H. M‘Carthy. 

Humour has admirable representatives in F. 
Anstey ” (Mr. P. A. Guthrie), Mr. W. W. Jacobs 
(b. 1863), -Mr. Barry Pain, and Mr. W. Pett 
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Ridoe. Mention must also be made of the 
success of Mr. Joseph Hatton (b. 1840 ; d. 1907), 
while Mr. Jerome K. Jerome (b. 18,59) has proved 
himself a novelist of groat power and insight. 

Some Prominent Women Novelists. 
“ Lucas Malct ” (Mrs. Mary St. Leqbr 
Harrison), in “The History of Sir Richard 
Calmady,” made a reputation for power at the 
expense of more admirable qualities, but the 
book will not readily bo forgotten. Other 
prominent women writers are Miss Rhoda 
Broughton (b. 1840), author of “ Cometh Up as 
a Flower” ; Mrs. Katharine Tynan Htnkson 
(b. 1861) ; Miss Jane Barlow, author of 
“ Irish Idylls ’* ; Miss M. Beth am-Ed wards, 
author of “ Dr. Jacob ” ; Miss Mary Cholmon- 
dely, author of “ Red Pottage ” ; Miss Una 

L. SiLBERRAD (b. 1872), author of “ The Wedding 
of the Lady of Lovell ” ; Miss May Sinclair, 
author of “ Divine Fire ” ; “ Maxwell Gray ” (Miss 

M. G. Tuttiett), author of “ The Silence of 
Dean Maitland”; Miss E. T. Fowler (Mrs. 
A. L. Felktn), author of “ Concerning Isabel 
Carnaby ” ; “ Sidney 0. Grier ” (Miss Gregg) 
(b. 1868). author of “ Like Another Helen ” ; Mrs. 
W. K. Clifford ; “ Rita ” (Mrs. W. Desmond 
Humphreys) ; Mrs. L. B. Walford (b. 1845), 
author of “ *l?ho Mischief of Monica ** ; Miss 
Helen Mathers (b. 1853), author of “ Comin* 
Through the Rye ” ; Mrs. Katharine S. 
Ma(3quoid; and Mrs. Campbell- Praed (b. 1852). 

The Literary Life. With this very 
brief glance at the more recent novelists, wo 
have arrived at the end of our study of English 
prose fiction, and, indeed, within sight of the 
end of this course in English Literature, for 
w4uit is to follow is merely in the shape of 
appendices, in whicl» we shall endeavour to give 
in the briefest outliiio some* courses of reading 
in classical, foreign, and American literature. 
Most of the other (iourses in the Self-Educator 
are concerned with the direct application o< 
know4(Hlge to tho daily conduct of life and 
business. I’his course in Literature has been 
designed chiefiy for the general reader, that 
it might aid him to tho intelligent study of 
our great writers and those writers who, though 
falling short of greatness, have still something 
to tell that will add in some measure to his 
iuiellectual enjoyment. I’he career of the pro- 
fessional man of letters is in some ways the 
noblest and llie most attractive of all, but the 
way to it lies through much tribulation, and 
is not lightly to be entered upon, unless the 
aspirant has as clear a “ call ” for tho work as 
the candidate for the pulpit is supposed to have. 
We have made it no part of our business to 
indicate to the literary asifirant what his course 
of action should bo, but in tho course on 
Journalism, which immediately follows that on 
Literature, the aspirant will find how the door 
may be opened that leads to success in literature. 
For it is worthy of note that by far the largest 
number of authors whose names are familiar 
to the reading public, have made their way to 
reputations' in literature through the humbler 
but more easily opened door of journalism. 

J. A. HAMMERTON 
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Conditions of Entry nod Service in 
and Police Appointnients in Britlsl 

STATE SERVICE 

Asa general rule, the young Briton in quest of 
“ a career in some portion of our Empire over- 
seas would bo well advised to turn his attention 
to private enterprise, whether farming, mining, 
commerce, or the professions, rather than to 
seek the services of the Colonial Governments. 

A moment’s reflection will suffice to show the 
reason of this. Most of the governing bodies, 
it has already been jTointed out, can obtain from 
local sources an ample supply of suitable 
material, and have, therefore, no need to turn 
to the Mother Country for recruits. This is 
especially true in respect of the larger and older 
branches of the Empin^ — Canada, South Africa. 
Australia, and New Zealand, for e5^amplc — in 
which a now generation has sprung up on the 
soil to contest with immigrant residents such 
vacancies as arise from time to time in the 
official ranks. 

An Authoritative Warning. These 
facts have led the Emigrants’ Information 
Office, a Government bureau controlled by the 
Colonial Department, to issue a warning on the 
subject. In the preface to its ‘‘ Handbook on 
Professional Employment in Canada. Australia, 
New Zealand, and South Africa ” — a very 
valuable work, which may bo obtained, post 
free, for threepence, from 34, Broadway, West- 
minster, S.W. — ' it is officially stated that 
“ Candidates from this country stand very little 
chance against persons on the spot of obtaining 
appointments in the Civil Service. Even tele- 
graphists, railway officials, and employees are 
now generally trained locally. There is, there- 
fore, very little inducement for a person to emi- 
grate 'on the chance of obtaining an appoint- 
ment under a Colonial Government.” 

Apart from India and our Eastern possessions, 
which have been specially considered, the 
principal exceptions to the above general rule 
arise where certain Colonics, owing to the lack 
of training centres, the smallness of their white 
population, or other local causes, are unable 
to furnish enough qualified candidates for 
their own requirements. We shall therefore pass 
in review the various openings thus afforded 
to aspirants from Groat Britain, and for our 
readers’ convenience these will be discussed 
calling by calling, instead of grouping them 
according to locality. 

Clerical and Administrative Posts. 

^In this branch of the public service there is 
practically no Colonial demand for British 
candidates, and in general no opportunity is 
afforded them of obtaining an appointment 
before quitting the home country, while in 
Several instances they are specially excluded in* 
lavour ^ local applicants. There is, however, 
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Clerical and Administrative, Railway, 

It Colonies. The Colonial Services* 

IN THE COLONIES 

an. important exception on behalf of students 
from the British Universities who have failed to 
pass the contest for the Indian Civil or Police 
Services, or for Eastern Cadetships. These 
candidates may often secure good appointments 
on the West African Coast, or elsewhere, by 
applying to the Colonial Office, Downing Street, 
S.W. The posts thus available include cadet- 
ships for the grade of assistant disfrict com-’ 
missioner for the Gold Coast, with an initial 
salary of £250 and excellent prospects up to 
£2000 or more. Such students are also selected 
sometimes by the Foreign Office for admini- 
strative posts in Egypt and British East and 
Central Africa, and by the British South Africa 
Company for their Rhodesian territory. 

On the other hand, the clerical service of 
Canada is practically restricted to persons 
brought up in the Dominion, or able to enlist 
local influence on their behalf. The Government 
regulations in Queensland require candidates for 
ordinary appointments to have resided for twelve 
months in the State ; in South Australia two 
years’ residence is the minimum. The Now 
Zealand authorities expressly seek to dissuade 
api)licant8 from going out to that country with 
the idea of, entering its clerical service; *and 
other Colonies are no less discouraging. In- 
quirers are generally informed that preference h 
given to local applicants, and that numbers of 
such candidates are already awaiting appoint- 
ments. Incurable optimists who are not 
daunted from emigration by these and similar 
reports will find in the. “ Professional Hand- 
book” the ’conditions of entrance for the 
clerical service of the various Colonies. 

Railway Posts. Instead of being private 
enterprises, as in this country, the great majority 
of Colonial railways belong to the Governments, 
and, despite the allusion to railways already 
quoted from the “ Handbook,” these offer very 
much bettor chances of employment for a trained 
official than are afforded by the clerical services. 

To enumerate hero the various rates of pay 
for railwaymen in each of the likely Colonics 
would occupy an unwarrantable space. Thcs3 
figures can be learnt on ai)plioation to the 
Emigrants’ Information Office, or to the several 
Colonial agents in London. The former also 
issues, gratis or at nominM prices, a valuable 
series of circulars in which the current wages 
and the demand in each Colony are set out.. For 
our present purpose, a brief indication of the 
prospects afforded to men from home will suffice. 

. South Africa. On the State railways in 
the South African Union there is no demand for 
office clerks, but drivers and firemen, guards, 
signalmen, and mechanics are sometimes engaged 
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in England by means of advertisements in 
the*daily press. The engagements are usually 
for three years, with payment of the passage 
out. The daily wages arc, for drivers, lOs. 6d. 
to 15s. ; guards, 8s. to 11s. ; signalmen, 7s. 6d. 
to 12s. But it must bo remembered that the 
purchasing power of money is much less in South 
Africa than at homo. There is considerable risk 
in going out without a definife ])rospoct of 
employment. On the other hand, experienced 
men who have gone out at a venture have as 
good chances of engagement as those who are 
Colonial born. 

Australia. The rates of pay for railway 
employees in Australia and New Zealand are 
. generally ‘^good, and the hours of duty light — 
from 48 to 57 weekly — but from every part of 
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is generally 23 years. Application should bo 
made to the Crown Agents for the Colonics, 
Whitehall Gardens, S.W. 

The Canadian railways, like those under the 
Southern Gross, arc officially reported to afford 
“ little or no opening for men from England.” 
But such announeem(*nts an* inttmded only to 
discourage anything like a general movement 
to the regions concerned. (Casual vacancies 
occur for which capable men who have been 
trained on Britisli railways are in frequent 
request ; and while an engagt^ment Ix'fore leaving 
home is highly desirable — and for heads of 
families is, indeed, imi)erative — these warnings 
need not daunt an efficient young railwayman 
without eneumbrancos from trying his fortunes 
there. He should not take siiclj a step, however. 
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THE BRITISH SOUTH AFHHU POLICE 


tlie Colony there comes practically the same 
report of the sufficiency of local candidates. The 
construotion of the new railway between Port 
Augusta and Kalgoorlic, however, will probably 
afford some useful openings for trained men in 
South Australia, alike in the traffic and the loco- 
motive, staff. As a general rule, candidates for 
permanent employment must be under 35 years 
of age; end able to pass a medical examination. 
For clerks and superior officers an educational 
test is also usually prescribed. 

^ In West Africa vacancies occur from time to 
time for station-masters, guards, platelayers, and 
others^ as well as for en^ne and carriage builders. 

rates of pay are high, guards and foremen 
j^telayers and fitters receiving £200 a ^ear ; and 
passs^ are provided. The minimum ago 


unless he has a little capital on which to live 
while seeking a post, nor without consulting the 
experts of th^e Emigrants’ Information Office as 
to the likeliest field of employment. 

Police Appointments. Our Colonial 
police are in some few instances municipal 
servants — as at Cape Tomh and Durban, for 
example. Most of the townships, how(.‘ver, fire^ 
too small and scattered to maintain separate 
forces, and police control is therefore usually 
exercised by the Government of the Colony. 

The life of a police trooper in the Colonies is 
at least as hard as in the home country, his 
prospects of promotion are generally but little 
better, and the increased cost of living often 
renders his higher wages an apparent rather than 
4 , real advantage. Oif the other hand, the 
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semi-military duties of many Colonial forces, 
the chances they offer of sport and adventure, 
and that “ call of the wild ’* which the great, 
lonely spaces of the Empire utter to the imagina- 
tive ear, give these services an attraction not 
to be measured in terms of self-interest, and 
draw into their ranks many men whom the 
prospect of town or provincial police duty at 
homo would repel. 

South Africa, In 1912, the various pro- 
vincial forces of the Union wore reorganised into 
two bodies. The first of these, the S( uth 
AfrieanMountod Rifles, is a semi-military force 
included in the South Africa Defence Scheme ; 
the other, known as the South African Police, 
performs ordinary police duties and is divided 
into a mounted and a foot branch. The limits 
of age are 18 and 27 for the former, and 18 and 
35 for the latter force. In both the period of 
enlistment is three years, and the commissioned 
ranks aro filled by promotion. Recruiting in 
this country is for the present suspended for 
both forces. 

Rhodesian Forces. The British South 
Africa Police (which must b(^ distinguished 
from the South African Police mentioned 
above) are a mounted force employed, iindcu* 
the control of the Imperial Government, in 
maintaining order in Southern Rhodesia and 
Bcchuanaland. Non-commissioned oflicers and 
men are recruited, as a rule, in England. Recruits 
must be at least 20 years of age and — unless they 
have served in another police force — not more 
than 25. They must be of good character, 
able to ride and shoot, between 5 ft. 0 in. and 
5 ft. 10 in, in stature, and of proportionate 
build. Officers are oceasionally sent out from 
England, but are usually selected from the non- 
commissioned ranks. The rates of pay aro ns 
follows : Troopers, 5s. a day ; sergeants, Os. to 
8s. ; sergeant- nuajors, 12s. Od. ; commissioned 
oflicers, 15s. Cd. to 30s. and upwards — in each 
case with free quarters and rations. Men 
enlisted from this country are required to i)ay 
their own passage as far as Cape Town, 

Further particulars may be had of the British 
South Africa Company, 2, London Wall Buildings, 
E.C., who will always inform applicants whether 
recruiting is proceeding in England. 

Cape Town and Durban Police. 
Constables in the Capo Town corps aro paid £110, 
£125, and £140 during the three years of their 
engagement, with free quarters and uniform. 
Recruiting is mainly local, but smart members 
of English forces are generally eligible ; and as 
promotion is speedy, ambitious young officers 
from the Mother Country sometimes elfect a 
transference to the Cape. The Durban , Police 
^Force is available to suitable applicants from 
the United Kingdom, the conditions of entrance 
prescribing 6 ft. ^in. as the minimum height and 
35 as the maxinmm age. Preference is always 
given to unmarried men. Candidates from this 
country should write for instructions to the. 
Superintendent at Durban. The pay is £132 a 
year far p^tables, rising in two years to £144; 
and receive £1^. Messing and quarters 

cost a month.' * 
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Australia and New Zealand. In the 

Australian States, as in New Zealand, oafidi- 
dates must apply personally at the police head- 
quarters in each Colony, and there is no demand 
for men from England unless they have had 
previous police experience and are of exemplary 
character. It would therefore bo useless to 
detail the conditions of service in the several 
forces ; they may be found by the curious in 
the Emigrants’ Handbook, to which wo have 
already referred. 

Canada and the N.-W. Mounted 
Pol ice. The Royal North-West Mounted Police 
Force, however, is more readily accessible to 
English candidates. This distinguished police 
corps attracts more British than Canadian 
recruits ; and although all would-be entrants 
must present themselves in the Dominion for 
tmlistment, a wise provision of Iho Commissioner 
(‘tiablea them to make fairly certain of their 
chances before incurring the expense of the jour- 
ney. On applying to that official at Regina, 
Sask., a blank medical certificate can be 
obtained, togc^fher with information as to the 
existence of vacancies, the standard of require- 
ments, and tho terras on which troopers are 
engaged. By rcjturning the medical form filled 
in by a local doctor, a candidate residing in the 
United Kingdom can ascertain from the authori- 
ties his prospects of acceptance or rejection on 
the score of h(*alth. 

Tho terms of service admit only single men 
between the ages of 22 and 30 wlio are active 
and able-bodied, and oi excellent character. 
They must be able to road and write, and must 
understand tho care of horses, and bo good 
riders. The minimum height is 5 ft. 8 in., the 
chest measurement must be 35 in., or more, and 
the weight must not exceed 175 lb. Constables 
arc enrolled for live years, and recicive 1 dol. 
a day, rising to I dol. 25 cents., with rations. 
Non-commissioned officers draw from 1 dol. 50 
cents, to 2 dol. 50 cents, a day. 

A high official of the force has very courteously 
sent us the following useful remarks for the bene- 
fit of prospective candidates. “ Applicants must 
bo perfectly sound from a medical standpoint, and 
have certificates of exemplary character. In- 
tending recruits have to report at Regina at their 
own expense, and be prepared to undergo a 
very strict medical examination by our own 
surgeon. They must assume all risks. Young 
men of about 22 years of age, well educated and 
of strictly temperate habits, are most suitable 
for our service. In fact, intemperance is sup- 
pressed with a stem hand.’^ 

The Crown Colonies and Uganda. 

Candidates for police posts in Uganda or the 
East African Protectorate should apply to tho 
Secretary of State for the Colonies. The appoint- 
ment of officers of the smaller police forces of 
the Crown Colonies is in the hands of tho same 
official, and application should be made to his 
private secretary at the Colonial Office. The 
rank and file in all these Colonies arc, of course, 
natives. 

ERNEST A. CARR, 
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The Astonishing Effect of Ultra-Violet Light 
on Bacilli. Conditions Affecting Germ-Plasm. 

GERM CELLS AND ENVIRONMENT 


F ob tho answer to the .ultimate questions, 
Mendelism has failed us, as wo have seen. 
Nevertheless, we are a stage further, in that 
Mendelism has shown, more clearly than ever, 
where the problem lies. It is in the germ-cell. 
Tjh©. “ ^tora” about which we have hoard so 
much exist in the germ-cell, and have somehow 
been formed there. If w^e are to discover flie' 
origin of variations, or the “ origin of a ' domin- 
ant,’ ” we must study gorm-cella ; and, above 
all, wo must try to tliscover any evidence tlml 
external conditions affect them. This is an in- 
quiry to which none of tho Mendelians has yet 
given a moment, but it evidently lies far deeper, 
and matters immeasurably more for organic 
evolution, than any studies of the behaviour of 
factors already existing. 

At this point we require to consider a new 
discovery, tho most important of its kind that 
has ever been made, which seems at first sight 
far remote from the ]iresent discussion. Wo 
shall leave the Higher forms of life, with their 
two sexes, each producing germ-cella that unite 
to form a new multicellular organism, and we 
shall devote ourselves to some of the humblest 
bacteria, single- celled, asexual organisms, the 
lowest \dsible in the scale of life. 

For some strange reason, bacteriologists have 
in general been the sternest upholders in our 
own day of that doctrine of the fixity of species 
which it was the chief intellectual achievement 
of the nineteenth century to overthrow. Any 
one of them would indignantly repudiate that 
doctrine in general, but, in fact, would stoutly 
maintain the constancy of type among the 
various species of bacteria. This doctrine is 
not merely academic. Half tho jiractice of 
public hbalth in this and other cNvilised countries 
depends upon tho belief that \he bacteria of 
disease breed true, and that ini\ocent bacteria 
cannot be suddenly and violently transformed 
into noxious ones. Practically speaking, those 
ideas may be true and salutary, but pure? science 
now has cognisance of a new fact which will 
doubtless bo only the first of a long series that 
may transform bacteriology, as we at present 
know this fascinating study. 

Effect of Ultra-Violet Light on 
Bacilli. Working in the Pasteur Institute, 
a bacteriologist named Madame Victor Henri 
has succeed^, within the last few months, in 
obtaining unheard-of and sensational results by 
very simple means. The facts are by now well 
vouched for, and have been announced to the 
world by Professor Roux, the director of tho 
Pasteur Institute and’ the famous part- maker of 
the diphtheria antitoxin. Madame Henri worked 
with the well-known bacilli of anthrax, which 
are comparatively laigo, and were the first bac- 


teria of any kind to be incriminated as the cause 
of disease. Those bacteria are of the kind 
consisting of “little rods” -hence the name 
bacilli. Their shape is very constant and charac- 
teristic. Any young student learns in a day or 
two to recognise these well-detined and unmis- 
takable rods. Other bacteria, of many ki^ds. 
arc constantly liable to bo confounded on mere 
inspection; and the reaction to various dyes, the 
appearance of growths or cultures in test-tubes, 
and the symptoms produced in animals may bo 
necessary before a definite name can be given 
to the species in question. Many species, also, 
vary somewhat under tlitferoni conditions : the 
tubercle bacillus is not quite tho same in shape 
if derived from a bovine animal as if from a 
human being. Not so the anthrax bacillus. 

A Sensational Transformation. 
Madame Henri, however, subjected spt'cimens 
of this bacillus to ultra-violet light, and trans- 
formed them,^ftcr nn'roly twelve minutes’ ex- 
posure, so that they became circular instc'ad of 
elongated, and could only be called cocci - the 
general name for round bacteria. Thesis cocci 
were no longer anthrax bacilli, and could in no 
way be mistaken for them. No one, now study- 
ing them for the first tiim*, could in any respect 
connect them with anthrax bacilli, from which 
tliey were, in fact, dir(»ctly descended. Injected 
into animals susceptible to anthrax, these cocei 
pnMluee(f none of tlie symptoms of anthrax, 
but a novel Sf‘t of symptoms, less seveio. unlik(' 
those produced by any known microbes in thosc^ 
animals. Tho newspjiper reports of this dis- 
covery wTre headed “ A New Disease*," but we 
hav(‘ c'nough diseases already, and that is not 
the point at all. The value of the inoculation 
t('Kt lies in its demonstration that (he anthrax 
bacilli had been really — that is, chemically — 
transformed, and not only altered in surface 
appearance. The fact is crucial. Further, this 
transformation is permanent. 'I’hc cocci rci- 
mained as cocci for months, under ordinary 
conditions of culture ; and this ])eri()d, in the 
case of bacteria, means an almost unthinkable 
number of generations. Yet the descendants 
were cocci, of a type hitherto unknown, when 
tested by their manner of grow th in cuitun's, 
and by their chemical reactions in living bodies — 
because their vastly remote ancestors, countless 
generations before, had been exposed to ultra- 
violet light for twelve minutf*s. ^ 

Variations in the exposure, as regards time 
and intensity, produce various results. 1.’oo long 
an exposure to such light is fatal to all bacteria, 
we believe. Briefer exposure produced curious 
intermediate forms of bacteria, which were un- 
stable, the cultures after a time losing their 
new character. But while there remain endless 
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opportunities for experiment,* in the way of 
exposing all kinds of bacteria to a literally 
infinite variety of external influences, the main 
fact of the profound and permanent transmuta- 
tion of a bacterial species, by external conditions, 
has been established. 

The Significance of the Reaulta. 

For a moment wc must turn aside from our 
main inquiry to note the practical significance 
of these results. In general, the hygienist is 
still entitled to isolate infectious disease, and 
to recognise the way in which bacterial species 
arejianded from one host to another, retaining 
their identity. The present practice of j)ublic 
health, on these lines, has overwhelmingly justi- 
fied itself. But clearly there is more to learn, 
and many existing puzzles may be resolved. It 
is, for instance, a serious matter that a bacillus 
which closely resembles, but is not, that of 
diphtheria should frequently bo found in the 
mouths of healthy persons. It is no less serious 
that a bacillus which is normally ])rosont in 
the bowel of every one of us should be very 
similar in many respects to the bacillus of 
typhoid or enteric fever. If the anthrax bacillus 
can bo transformed into a coccus, which re- 
sembles it in no way whatever, resemblances 
such as those we have quoted must bo looked 
upon in the most serious light. 

But for us now it is the deeper biological 
issue that presses. . The transformat ion of species 
has been proved in this instance. Organic 
evolution has been effected, in one (5ase, in twelve 
minutes, and a new form of life has been brought 
into being. A bacterium certainly otfera us the 
problem of the origin of variations in a very 
simple form. First, it consists of only one? cell, 
which divides to form the next generation. 
The distinction between germ- plasm and body- 
plasm,, between germ -cells and body or somatic 
colls, does not i^xist. It we can change the body 
of the bacterium, we also change its g(*rm-plasm, 
for they are one and the same. But when we 
are dealing with any of the higher forms of life, 
even though wo change the body by external 
conditions, we have yet to show that we liave 
changed the germ-cells. If we have not, our 
experiment has no bearing on evolution ; and 
it is certain that, in many instances, the change 
in the parental body involves no change in the 
germ-cells which it boars. 

Bact eria Have No Sex. The second point 
is, II more important. Bacteria 

have no sex. Each individual is the offspring 
of a single parent. There is no ripening of 
“germ-cells,” no casting out of certain parts of 
the nucleus, as in the maturation of the typical 
ovum or female germ-cell of the higher animals 
and plants. There is no crossing, no recombina- 
tion of qualities or factors from two parents. 
There is no parting or bringing together of factors 
hitherto always united, or else long parted, but 
now united again, as in the Mcndelian interpre- 
tation of reversion. In the case of the bacteria,. 
*we are studying something earlier and deeper 
th^ But the whole of Mendelism, and the 
whi^e of the help it affords us in the study of 
orgaqjpvevolution, depend upon the existence of 
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sex in the first place. If there be only one parent 
involved, Mendelism caniiot begin. If there) be 
only one parent involved, Mendelism not merely 
has no idea how any variation could occur at all, 
biit is inclined to deny its possibility. 

Mendel Um Fails to Explain Organic 
Evolution. Yet there was certainly a timoj 
when Life did not exhibit sex, and sex is theref orej 
itself one of the products of evolution — sex andi 
its consequences, such as Mendelism. Here is^ 
another reason, were more wanted, why Mendel-^ 
ism cannot begin to explain organic evolution. ^ 
And it is a reason why ox])erimont on 
form^oflifo^suc^sba^^ of such trans- 

state of bio- 
logical science. It is perfectly clear that, if wo 
are to get any further in this matter, we must 
eliminate the complication of sex altogether— 
W'hich means, of course, that we abandon Mendel- 
ism as a means of explaining organic evolution, 
invaluable though it will always bo as an ex- 
planation of comparatively recent details in 
that })rocess. 

Of course, wc cannot escape from sex in study- 
ing any but the simplest forms of life. But we 
now need to make experiments in which the 
complications duo to sex are averted. We must 
take parents who arc similar, instead of being 
tlissiniilar, as in Mcndelian experiment ; we must 
avail ourselves of Mendelism in order to be sure 
that the parents arc really similar genetically, 
instead of b<‘ing merely similar somatically ; and 
then we must modify external conditions in 
order to sec how the offspring are affected, if at 
all. The total and radical difference, in })rinciplo 
and in expectation, between such experiments 
and those of the Mendelians will bo evident to the 
student. Yet botli, it will bo seen, are indis- 
pensable for progress ; and it is a deplorable fact 
that experiments of this Lamarckian class, as we 
may conveniently call it, are at present being con 
ducted anywhere in the world except in Britain. 

The Germ-Cells of the Body. When 
experiments of this kind were made in the past — 
their number Ixung s?nall and their quality poor 
— the observer had no clear ideas as to how the 
process ho hoped to observe could work. The 
parental body was modified by Nature, and the 
body of the offspring might be similarly modified. 
Today the case is vc'.ry different. Thanks above 
all to the great survivor from the nineteenth 
century. Professor Weisjj^ann, wo have clear 
ideas as to what is involved in the hereditary 
process. We know that there are definite 
reproductive glands in the parental body, 
containing a cellular tissue of a unique order, 
and that from its cells are derived the ultimate 
bearers of heredity, which we call the germ-cells, 
or gametes. Any influence acting upon the 
I^arent must affect the gametes, or it cannot 
affect the heredity of the offspring. Crucial to 
our inquiry, therefore, is aii exact understanding 
of the relations between the processes of the 
parental body and the gametes which it produces. 

A leading student of this subject. Dr. F. A. 
Mjoen, of Christiania, has recently described the 
fiR!T?in the following words, which are true of 
the germ-cells in the animal kingdom generally, 



though written with special reforenoo to man. 
“ Tito germ-cells arc located in the human 
organism in such a way that the individual has 
a natural protection against racial poisons, and 
specially those which, like alcohol, modem 
lustry provides by an elaborate process of 
niifacture. Surrounding the germ- cells of the 
idividual we find a sort of protecting membrane, 
b blood-vessels are in direct contact with 
bermatozoon or ovum. When chemical poisons 
PC brought into the animal body, they find their 
ay to all organs and all colls of the organism 
ith perhaps the only exception, the germ -cells, 
ature has in its wildom arranged a special 
'otection for the most sensitive stage of human 
!e, the stage of conception. There is hardly 
ty doubt that the above-mentioned protection 
pparatus acts against most of the poisons, but 
here are exceptions to the rule. 8uch exceptions 
TO other, chloroform, and the stronger alcohols, 
^he proof that this is the case lies in the fact 
hat those bodies have been found in the germ- 
[)lasm by means of chemical analysis.” 

Immunity of the Germ-Plasm from 
Poisons. This relative isolation in the parental 
body is a general biological fact of profound im- 
portance, quit(^ apart, from the spctual qiuistion 
of the racial poisons. The germ-plasm is in a 
large degree independent of th(^ vicissitudes and 
vagaries of the parental body. The paremtal 
blood may be charged with many unusual or 
even morbid agents, poisons taken with the food, 
poisons made by microbes invading the body» 
and so forth. But, of all the parental tissues, 
the germ-plasm is the most sheltered, since it is 
never in direct contact with the blood. It can 
well be imagined that if the germ-plasjn, which 
carries the whole future of the species, were as 
liable to damage as the body of tlu' transient 
individual, the race could not persist at all. 

The reader will notice that the exceptions 
quoted .by Dr. Mjoen all belong to one chemical 
class, and the fjict is very important. It is prob- 
able that most colloid substances, in general, 
never roach the germ-plasm, whether for good or 
evil. They are unable to pierce the protective 
membrane, and therefore, though circulating 
freely in the blood, they no more affect the germ- 
plasm than if they were not present at all. 
Hosti of the poisons produced by microbes b(»long 
to this category ; and hence is explained th(? 
surprising but highly necessary indcpondence 
which the germ-plasm displays towards nearlf/ 
all forms of parental infection. Ether, chloro- 
form, iind alcohol are typical of the substances, 
known to students of the nervous system, which 
have the power of penetrating into nerve-cells 
and paralysing them. Hence the familiar com- 
bination of these three substances in the an- 
aesthetio which is accordingly called “ A.C.E. 
mixture.” The chemists point out thdt these 
substances have the power of dissolving the 
lipoid,” or fatty envelope, which surrounds 
and usually protects nerve-cells. Probably 
much the same, obtains in the case of the germ- 
cells and.th^ protective membrane. We^see, 
thfiSJcfore, how rash and unscientific it would be 
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to assume, as many hav^o a.sHumed, tjhat all 
infiiiences affecting the parental body bound 
to bo reflected in the body of the offspring>^. 

But doubtless the contrary dogma is still 
more absurd— the asKcrtion that th(? gcrm-cells 
live in a universe of their own, totally untouched 
by all influences radiating from the universe we 
know. That, however, is — or perhaj3S we may 
say was —the neo-Darwinian -position. It was 
based upon a very general forget f illness of a 
crucial process which we must here roeall. When 
Weismann and his followers taught the world 
to realise the separateness and di.stinctiiess of 
the “ germ-plasm,” and exploded the idea that 
all the tissues of the parent eouibiiu' to form the 
corresponding tissues of the olT.spring, wo all 
were inclined to overlook the fact that actual 
germ-cclls are not things givim, and ])re-existing 
in the parental body, but are, in fact, being 
actively manufactured in it throughout the 
whole of the rejiroductive period. The process 
we have forgotten is called garnet ogenesis. 

The Germ-Cell Vital in Organic Evo- 
lution. It is all very well to talk of the “ germ- 
plasm” and the“ germ-cells” as something fixed 
and immutal.)ta^'but the facts are very difierent. 
The torm germ ‘Cell or gamete can bo applied 
only to a ‘‘ rijfe ” 6\uni, or to a .spermatozoon. 
When we ask the history of these things, wo 
find that they have by no moans’ always existed, 
by a jirocoss of “ preformation,” in tlie parental 
body. The female organism jirepares ripe ova 
at definite ]>oriods, anil the j)ro(?oss is an intensely 
active one. The male organism similarly prepares 
s|X)rmatozoa, by intensely active changes within 
the germ-plasm. These processes, whicVi involve 
the genesis of gametes, are called garnet o- 
genesis ; and the crux of organic evohdion lies 
here. Organic evolution depends upon variation. 
Variation results from novelties in germ-cells. 
Germ-cell s are made hy garnet ogenesis. This is 
the heart of the whole problem. The ]\rendelian 
will teach us an infinite number of details as to 
the consoquenees of mating germ-cells, but ho 
can d('al only with what the germ-cells already 
contain. It is in their making, not in their mating , 
that the real problem lies. The central evolutionary 
fact called variation is not, os Professor Bateson 
has too enthusiastically said, the result of 
combinations or re-combinations of factors, but 
depends upon the making of factors by and in 
gametogenesis. 

In earlier years Professor Bateson himself, 
before he was carried away by Mendelian s])e- 
cialism, expressed the real truth very forcibly 
when he said that ” variation is a novel coll- 
division.” The cell-divisions by which the 
gametes are made from the ancestral cells in the 
germinal tissues, and which wo call gameto- 
genesis, are the makers of evolution. "Pho task 
now before biology is to discover the influences 
which affect that process. 

Reproductive Tissues Examined. 
When we examine the reproductive tissues under 
the microscope we are impressed by their intense 
activity. The making of germ-cells is a business 
which requires oxygen, water, nutriment, like 
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all other vital processes. It is the parental body 
that supplies these necessities, without which 
the pr^ss ceases ; arid at once the neo- 
Darwinian notion of the impenetrable isolation 
of the germ-plasm breaks down. Though 
protected from direct contact with the blood, 
and all the hazards that may involve, the germ- 
plasm is yet, like the unborn child, nourished 
entirely by the parental blood. If germ-cells 
wore preformed, and simply shed at intervals, 
as Weismann taught in his earlier writings, we 
should not expect the parental blood to affect 
them. But, in fact, they are made in the body 
by active processes of nutrition and metabolism, 
which entirely depend upon the parental bloocl 
to supply food, air, and water and to remove 
carbonic acid and the various waste l^roducts of 
metabolism. Wo, may, indeed, assert that the 
active germ-plasm, during the reproductive 
period, bears to the body which houses it a 
relation closely similar to that between the 
nrarnmalian embryo or feetus and the maternal 
tissues. The theory of isolation is untenable, 
and wo must, instt^ad, prepare ourselves for 
decades or rg)s of inquiry into all the locators 
that affect the germ-plasm and gametogonesis, 
with consequences for the offspring, and thus 
for the evolutionary process. 

External Conditions Affecting Germ« 
Plasm. In the foregoing paragraphs we have 
made an assumption which is generally accepted, 
but is quite unwarrantable. We have been 
arguing that the germ-plasm can be affected onhj 
by and through the body which houses it, and 
wo have therefore been at pains to learn what 
chemical substances can pass into it from the 
somatic blood, and what cannot. The inquiry 
is vastly important, but there is another possi- 
bility which we have forgotten, and to which 
Madame Henri's experiments will recall us. 
She showed that certain cells — having the 
essential pro})erties of germ-cells, in that new 
generations of the species were derived from 
them — 'Could be modified by exposure to a certain 
form of light, with results which remained in 
subsequent generations. But the germ-plasm in 
the bodies of higher animals, though housed in 
those bodies, is not thereby cut off utterly from 
all direct influences, such as those which played 
upon Madame Henri’s anthrax bacilli. In a 
word, we have omitted to consider the clear 
possibility that exterml conditions may directly 
affect the germ’ -plasm., quite apart from their 
influence upon tne body of the parent. 

The student is familiar with the celebrated 
phrase, never uttered nor written without 
deceiving somebody, which assorts that 
“ acquired characters are not transmitted.” 
That dogmatic denial is commonly quoted 
against the possibility that external conditions 
can ever affect the course of evolution. But in 
the instance before us we are not so much refer- 
ring to “ acquired characters,” or even to the 
existence of the parental body at all ! In that . 
j^arental body is a special form of cell-producing 
tissue whioh we call the germ-plasm. May not 
exteniit; .,eQ|idition^ affect that germ-plasm 
the parental body were not tnere ; 
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as if that ^erm-plasm were a colony o£ bacteria 
exposed to ultra-violet light ? * o 

Effects of Temperature and Radia- 
tions. The leaders of experimental biology today 
are well aware of this possibility. It is never hence- : 
forth to ^ forgotten. For instance, the body 
of the individual is conveyed from a cold countrj^ 
to a hot one, or is experimentally enclosed in a 
chamber having a temperature" very different' 
from that to which the species is accustomed.*' 
This change of temperature may affect the 
individual body, ana, in doing so, it mayr 
indirectly affect the p;erm-plasm which that 
body contains. But, in ♦any case, the germ- 
plasm itself is being abnormally heated or cooled, 
no less than if Professor Carrel had contrived, as 
he could, and doubtless will, to excise the 
reproductive glands and keep them alive in 
isolation from the body to which they belonged. 

It is more than probable that the direct effects 
of so important an external condition as tempera- 
ture, acting during the i)rocess of gameto- 
genesis, which must be largely chemical, will 
affect that process, w'ith consequences for the 
offspring, as it affects the simpler chemical 
reactions of every day. 

So with radiations. Ultra-violet light has 
small penetration, and wo cannot veiy well 
imagine that it could affect the germ-plasm in 
an ordinary mammal, or, at any rate, in the 
female, where the reproductive glands lie deep. 
But in many insects, for instance, the germ- 
])lasm lies so near the surface that ordinary 
sunlight may affect it. Further, there are other 
forms of radiation which have far greater powers 
of penetration than ultra-violet light. The 
Rontgon rays belong to the same order as ultra- 
violet light, but have a shorter wave-length and 
co^espondingly high i)enotration. Many living 
beings are more or less exposed to radiations of 
this order, and their germ-plasm may be affected 
accordingly, * totally without roforeiice to any 
action upon the body of the individual as a 
whole, or any so-called “ inheritance of acquired 
characters.” 

Destruction of Germ«Plasm by Ront- 
gen Raya. In this connection it may be added 
that the Rontgen rays, in their harder and more 
penetrating forms, have a profound effect upon 
the germ-plasm of mammals. The result best 
known is the practical destruction of the germ- 
plasm, with consequent sterility. Very serious 
results may follow, avS is obvious, unless workers 
with the Rontgen rays take steps to protect 
themselves. The action is a selective one upon 
the gonn-plasm. The rest of the body and its 
various glands are unaffected, so far as Ave know. 

No better illustration or proof could be offered 
to the student of the fact, fundamental of 
organic evolution, that the germ-plasm is not 
isolated from the universe, but is part of it, and 
may be directly modified by external agencies, 
without any part being played by the body of 
the individual at all. It is this study of the direct 
action of the environment upon the germ-plasm 
that evolutionists have most neglected hitnertOt 
but that neglect is now being speedily remedied. 

C. W. SALEEBY 
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Qualifications of a Secretary. The Different Kinds of Shares and 
Stocks. Transfers and Transmissions. Company Meetings. 

THE SECRETARY OF A COMPANY 


T he duties of a secretary of a limited liability 
company are so important and responsible, 
and so many penalties are attached to breaches 
of the Companies Law, that it is of the greatest 
importance that a secretary should know just 
what his duties are. He is often referred to as 
the mouthpiece of the directors, and, while this 
may not be strictly accurate, it conveys a very 
good idea of what the secretary is. In some 
unimportant companies, it is true, the secretary 
is little more than a clerk, and is given instruc- 
tions as to the many legal duties which in virtue 
of his office he must execute, but in other 
companies the socretarj^ is the most important 
of all the officials. It is very often ho who tells 
the directors what they must and must not do ; 
and while nominally it is they who should in- 
struct him, in many cases it is actually he who 
instructs them. 

Duties of a Secretary. It may be 

well at the outset to give a brief summary of 
what the duties of a company secretary are. In 
the first place, it is on him that the responsibility 
lies to see that all the statutory requirements 
imposed by the Companies Acts are fulfilled. 
Then it is ho who has to keep all the records of 
the company, and to see that the accountancy 
work is properly carried out and the balance- 
sheet prepared. And he has to attend all meet- 
ings of directors and shareholders, take minutes, 
or arrange for the taking^of them, and keci) a 
correct record of such meetings. He must also 
.see that whatever is decided upon at such moot- 
ings is duly carried out. Of course, ho has 
assistance in all these things, but the respon- 
sibility rests upon him. 

Qualifying for the Post of Secretary. 
In order to fit himself for the carrying 
out of these important duties, a secretary 
needs to make a thorough study of company 
law and procedure. There are many admirable 
books published which set forth more or less 
fully all the duties of a secretary ; and the Com- 
panies (Consolidation) Act, 1908, which can bo 
bought for a small sum, should be read and 
understood, and its provisions remembered. The 
secretary is appointed to his office by the direc- 
tors, and immediately he receives his appoint- 
ment he should master the memorandum of 
association and the articles of the company. 
Then be must know thoroughly the workings 
and conditions of his own company, so that ho 
can answer without delay or hesitation any 
questions his directors may ask him, and supply 
any information they may desire. At the same 
time, he must have his staff well in hand, and 
command the respect of all. No man who has 
not the instinct and ability for managing sub- 


ordinates can possibly hope to succeed in the 
difficult post of secretary of a limite.l company. 

Making a Return of Allotments. One 
of the first duties of the secretary of a company, 
if ho has been ap])ointe(l at its formation, is to 
make a return of allotments. This is done on 
a special form, and the particulars that have to 
Ije given have already been cx])laincd. The 
return must bear the signature of the secretary, 
and be stamped with a five-shilling stamp. 
When a return inchuhis several allot nuaits made 
on different dates, the dates of only the first 
and last of such allotments should be entered at 
the top of the page, and the registration 
must be effected witliin one month of the first 
of these dates. 

The Register of Members. The 

register of mcrnlx'rs has also been referred to. 
This must bn made out as soon as po.ssiblo after 
the company igf registered ; and if a company 
fails to comj)ly with this requirement it is liable 
to a fine not exceeding five })oun(ls for every day 
during which the default eontinucs ; and every 
director and manager of fho conifiany (which 
includes the secretary) who knowingly and wil- 
fully authorises or permits the default is liable 
to a like penalty. This register of members has 
to bo ke))t at the registered offices of the com- 
pany, and must during business hours (subject 
to such reasonable restricjtions as the company 
in gcncial meeting may impose, so that not less 
than two hours each day be allowed for insj^ec- 
tion) be open to the inspection of any member 
gratis, and to the ins])cction of any other person 
on payment of one shilling, or such less sum as 
the comjiany may prescribe for each inspection. 
Any member or other person who may require 
a copy of the register, or any part of it, must 
have it supplied, at a cost of sixpence for every 
hundred words. If any inspection or copy thus 
requested is refused, the company is liable for 
cacih refusal to a fine not exceeding two pounds, 
and to a further fine not exccecling two pounds 
for every day during which the refusal con- 
tinues, and every director and manager who 
knowingly permiis such refusal is liable to a 
similar fine. For convenience of bookkeeping 
a company may, on giving notice by adverti.se- 
mont in some newspaper circulating in (he dis- 
trict in which the registered office of the company 
is situate, close the register of members for any 
time or times not exceeding in the aggrog.iff.* 
thirty days in each year. The register will have to 
bo amended from time to time owing to the deaths 
of shareholders, or the marriage of single women 
who hold shares, and so on. In making necessary 
alterations there must bo no erasure, obsolete 
entries being ruled through. Any alterations 
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must be initialled by the person making them. 
A< column for remark should be provid^. 

The Share Certificates. The secretary 
as well as one or more of ther directors will sign 
all share certificates, and ai. receipt acknowledging 
the safe arrival of his certificates should always 
be sought from' a shareholder. The-share certi-' 
ficates am exchanged, as already explained, for 
the banker’s receipts or letters of allotment, and 
these, when they come from the shareholders, are 
cancelled by stamping the word “ Cancelled ** 
across their face, and are then filed and kept by 
the secretary of the company. If by any chance 
a shareholder shall Imvo lost or mislaid his 
receipts, then he can have a share certificate 
on giving to the company a letter of indemnity, 
which protects them against any loss or damage 
should the receipts be found by an unauthorised 
person. These letters of indemnity must be 
stamped with a sixpenny stamp. When the 
secretary hiis the share certificates made out 
ready ho advises the shareholders, enclosing a 
form which they can till up and send with their 
receipts in exchange for the certificates. 

Share Warrants. Sometimes a company 
is empowered by its articles to issue for fully 
paid up shares share warrants, instead of share 
eertificates. Those warrants are made out to 
bearer, and are transferable by simple delivery, 
the holder’s name not appearing in the share 
register. The stamp duty payable on a warrant 
is thirty shillings per cent., and the warrant 
must be stamped before it is signed and sealed. 
The holder of a warrant cannot bo a director 
of the company on account of whicdi the warrant 
is issued, and he cannot attend and vote at a 
meeting, but he may at any time, on fulfilling 
certain formalities, surrender his warrant for 
registered share certifi(!atc8. The secretary will 
prepare a printed form in which any applicant 
for a share warrant will have to give the neces- 
sary information for identification, etc., before 
t he directors will grant t he warrant. The warrant 
is signed by one or more directors and the secre- 
tary, and is sealed by the company’s seal. If many 
warrants are issued it is wise to have a special 
register for them, separate from the ordinary 
register of members. 

Making Calls. Very few companies in- 
sist upon the whole amount of the value of each 
share being paid up at once. The usual method 
is to divide tne amount up into four or more sums, 
and to state in the prospectus when these will 
fall due. Thus it might be stated that the shares 
were a pound each, half-a*crown being payable 
on application, half -a -crown on allotment, five 
shillings one month after allotment, and a final 
ten shillings three months after that. Whore the 
company does not need a great deal of capital witli 
which to trade, the prospectus may not set forth 
any definite times when the calls will be due, and 
it is then at the option of the directors to make 
a call when they think it necessary. For this 
purpose a meeting of the directors must be held, 
when some such resolution as the following 
would bb p;roposod, seconded, and carried : 

** a cbu w two shillings and sixpence per 
shftini tM and is hereby made on the 100,000 
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preference shares of the company, and that 
the same be paid to the company’s bankeifb on 
or before July 15th, 1914.” 

Notice of Call. The secretary should 
already have prepared and got ready to send to 
each shareholder a notice of eafl. This is 
headed “Notice of Call.” Then follows the 
name of the company and the statement : “First 
call of 28. 6d. per share on the 100,000 pre- 
ference shares of £1 each of the company, 
making 10s. per share paid up.” Of course, for 
succeeding calls the word “second” or “third,” 
as the case may be, is substituted for the word 
“ first.” The wording of the letter is usually like 
this : “ Dear Sir or Madam, — I bog to inform you 
that the directors have this day resolved that 
a call of 2s. Od. jkjf share be made on the ordinary 
shares of the company, and I am directed to 
ask that you will pay to such-and-such a bank, 
on or before July 15th. 1914, the sum of £5 on 
the forty shares that are registered in your name. 
Please forward your share certificate with the 
banker’s receipt, so that the amount of the call 
may be endorsed on the former.” At the 
bottom of the call notice is a form of banker’s 
receipt. Of course, if the share certificates have 
not yet been issued, then, instead of the last 
X)aragraph, there will appear a note requesting 
the shareholder to preserve his receipt, to be 
exchanged later with his other receipts for the 
certificate. As the call moneys come in they 
must, of course, be entered up in the register 
against the shareholder’s name, and on account 
of the shares ho holds. The secretary must 
be very careful, when sending out call notices, 
to see that no shareholders are overlooked. As 
in the case of certificates, so with call notices: 
it is wise to have different coloured sheets for the 
different kinds of shanis. 

Forfeited Shares. Sometimes a share-, 
holder fails to pay a call on the day appointed 
for payment, in which case the directors may 
servo a notice on him requiring payment, 
together with any interest that may have 
accrued. This notice must name a further day, 
not less than fouroen days after, as a date before 
which payment must bo made, and it should 
state that in the event of non-payment, at or 
before the time appointed, the shares in respect 
of which the call was made are liable to be for- 
feited. If the requirements of this notice are 
not complied with, then the shares in question 
may be forfeited by a resolution of the directors ; 
and any forfeited share may bo sold or otherwise 
disposed of on such terms as the directors think 
fit. The person whose shares have been for- 
feited, of course, ceases t#.be a member of the 
company in respect of the forfeited shares, but, 
in the words of the Act, “ shall notwithstanding 
remain liable to pay to the company all moneys 
which, at the date of forfeiture, were presently 
payable by him to the company in respect of the 
shares, but his liability shall cease if and when 
the company receive paytnent in full of the 
nominal amount of the shares.” No member 
is entitled to vote at a general meeting unless 
all calls or other sums payable by him in respect 
of shares in the company have bN^n paid. 
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Different Kinds of Shares. There are 
mai^y different kinds of holdings in a limited 
liability company, all carrying special privileges 
or responsibilities, and it is essential that the 
secretary should thoroughly understand the 
nature of these. First of all, there are the shares 
proper, which may be ordinary, preference, 
cumulative preference, deferred, or founders’. 
Then there is stock, which may be ordinary, 
preference, guaranteed, or debenture. And, 
hnally, there are debentures, which may be de- 
bentures issued on a simple promise to pay, or 
mortagage debentures. 

Ordinary Shares. These form the main 
capital of most companies, and take rank after 
preference shares for purposes of dividend. If 
a company’s shares were all ordinary, then the 
net profits, except for any amount set aside as 
reserve, would be divided among the share- 
holders at a uniform rate of so much per share. 

Preference Shares. These are shares 
which receive a certain percentage of profit, 
usually 6 per cent., before any other shares 
receive a dividend at all. If the shares arc 
preferential as to capital as well as in regard to 
dividend, then, in the event of a return of capital 
at a winding-up of the Qpmpany, the holders of 
these shares would receive back their value 
before'any other shareholders receive theirs. 

Cumulative Preference Shares. In the 

case of cumulative preference shares, any un- 
paid dividends, owing to lack of profits in certain 
years, have to be carried forward, and their 
accumulated amount paid before the other shares 
receive any dividend at all. 

Deferred Shares. Ordinary shares may 
be divided into preferred ordinary and de- 
ferred ordinary. The deferred do not rceeivo 
any dividend until a certain specified and fixed 
rate has been paid to the preferred ordinary, 
but, whei\ the deferred have received the rate 
of interest agreed upon, the preferred share with 
them the surplus. 

Founders* Shares. These are also called 
management shares, and they only participate 
in the profits after all the other classes of shares 
have been paid fixed rates of dividend. In 
highly successful companies that make huge 
profits they are exceedingly valuable. As their 
name implies, they are usually issued to the 
founders or promoters of companies, and some- 
times to the underwriters. 

Stock. Where the articles of a company 
allow it, full 3 ^ paid-up shares may be converted 
into stock, a certain amount of stock being given 
for an equivalent value of shares. Stock has 
this advantage over shares, that it may be 
bought and sold in fractional parts, whereas 
shares can be transferred only in multiples of 
the value of a single share. If the articles of 
association do not permit of the issue of stock, 
and it is considered desirable to issue it, the 
articles may, by specill resolution, be altered to 
permit of the issue of stock. 

Ordinary Stock. This bears the same 
relation to the other kinds of stock that ordinary 
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•Shares bear to other kinds of shares. The 
dividend, therefore, varies with the prosperity 
or otherwise of the company. When the same 
kind of stock issued at different times in a 
company’s history is amalgamated, it is called 
consolidated stock. 

Preference Stock. This ranks for pay- 
ment of dividend next to the guaranteed stock, 
which is described below. There may bo various 
issues of preferenoo stock, ranking one after 
another for dividend ; thus, that of the year 1900 
would rank before an issue of 1910, and so on. 

Guaranteed Stock. This does not mean 
that the dividend or capital is guaranteed by 
some outside person, but that the agreed rate 
of dividend is guaranteed to be paid before any 
other class of stoi^k except debenture stock 
receives anything. 

Debenture Stock. This stock ranks first, 
and the agreed rate of dividend is usually lower 
than in other classes of stock, owing to the 
increased security. 

Debentures. A debenture is a bond given 
by a company for money lent to it, in which it 
agrees to repay the loan at a future time, and 
meantime to pay a specified rate of interest. 
Sometimes the promise to repay a debenture is 
secured by a ifibrtgage on the company’s assets, 
and in such a case the security is vested in 
trustees, who hold it for the debenture holders. 
A debenture holder is thus not a shareholder, 
but a creditor of the conijiany, and ranks for 
payment before all classes of shareholders. 
Sometimes debentures are perpetual and cannot 
be paid off, in which case they are called irre- 
deemable debentures, as distinct from redeem- 
able debentures. 

The Transfer of Shares. When the 
shares in a limited liability company change 
hands, as for instance by a sale, a transfer has 
to bo arranged and recorded in the company’s 
books, and this work is under the direct super- 
vision of the secretary. In small companies he 
carries out the routine himself, but in largo 
companies, where there are constant transfers, 
a s|)ecial department, with a registrar at the head, 
working under the secretary's direction, does 
the work. According to Table A of the Com- 
])anie8 Act, 1908, the instrument of transfer of 
any share in a company must be executed by 
both the transferor and the transferee; that is. 
both must sign and seal it in the presence of 
witnesses. The transferor is deemed to remain 
the holder of a share or shares until the name of 
the transferee is entered in the register of mem- 
bers in respect of it. Shares in a company must 
be transferred in the following or some similar 
form, approved by the directors : “ I, A.B., of 
so-and-so, in consideration of the sum of so much 
paid to me by C.D., of so-and-so (hereinafter 
called ‘ the said transferee ’), do hereby transfer 
to the said transferee the share (or shares) 
numbered so-and-so, in the undertaking called 
the such-and-such Company, Limited, to hold 
unto the said transferee, his executors, admin- 
istrators, and assigns, subject to the several 
conditions on which I held the same at the time 
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of the execution thereof ; and* !/ the said trans^ 
feroe, do hereby agree to take the said share (or 
shares) subject to the conditions aforesaid. As 
witness our hands, this such-and-such a day of 
such-and-such a month, 1914.” 

The Option to Register. By the Act 
the directors may decline to register any transfer 
of shares, not being fully paid shares, to a person 
of whom they do not approve, and may also 
decline to register any transfer of shares on 
which the company has a lien. The director 
may also suspend the registration of transfers 
during the fourteen days immediately preceeding 
the ordinary general meeting in each year. The 
directors may decline to recognise any instrument 
of transfer unless a fee not exceeding two shillings 
and sixpence is paid to the company in respect 
thereof, and the instrument of transfer is ac- 
companied by the certificate of the shares to 
which it relates, and such other evidence as the 
directors may reasonably require to show the 
right of the transferor to make the transfer. 
The stamp duties for transfers are as follows : 
where the money consideration mentioned in 
the transfer does not exceed £5, sixpence ; where 
it exceeds £5 but is not over £25, sixpence for 
every £5 or fraction thereof ; where it exceeds 
£25 but is not over £50, five shillings ; and after- 
wards at the rate of half-a-crown for every £25 
or fractional part thereof up to £300. Beyond 
£300 the duty is at the rate of five shillings for 
every £50 or fractional part. Formerly, when a 
transfer of shares took place and there was no 
money consideration passing, a merely nominal 
consideration of five or ten killings being stated 
on the transfer, the duty was a fixed sum of ten 
shillings. Now an ad valorem duty must be 
paid. But the Inland Revenue authorities 
allow the fixed duty of ten shillings when the 
transfer falls under any of the following headings : 
vesting property in trustees on the appointment 
of a new trustee or the retirement of an old one ; 
a transfer for a nominal consideration to a mere 
nominee of the transferor, where no interest in 
the property passes ; a transfer by way of 
security for a loan ; or a re-transfer to the original 
transferor on repayment of a loan ; a transfer to 
a residuary legatee of stock forming part of the 
residue divisible under a will ; a transfer to a 
legatee for a specific legacy of stock ; a transfer 
of stock being the property of a person dying 
intestate to the party entitled to it. 

The Secretary’s Duty in a Transfer. 
When he receives a form of transfer, the secretary 
of a company must see that it is properly executed 
and completed, and that the share certificate in 
respect of it has also been received, with the 
transfer fee of half-a-crown. It is then the 
practice in many companies, though no obliga- 
tion rests on them to do so, for the secretary to 
write to the transferor, saying that the transfer 
deed has been received, and that, unless he hears 
to the contrary by return of post, he will be re- 
gistering the transfer in the company’s boo^. 
The secretaiy must see that the transfer is 
properly and adequately stamped, as in the 
event ,, pi not being the case he is liable 

personally a penalty of ten pounds. Every' 


transfer must receivp the sanction of the directors, 
and so the secretary will ^ place any proposed 
transfers on the agenda for the next directors’ 
meeting. Everything being all right, a resolu- 
tion wul be passed that the following transfers 
be and are approved, and that the necessary 
certificates be issued under the seal of the com- 
pany. The transfers will be signed by the 
chairman of the meeting, and the necessary 
entries must then be made by the secretary in 
the register of transfers and in the register of 
members. The old certificates will be cancelled 
with a rubber-stamp impression across the face, 
and the now ones will then be made out. If by 
any chance the transferor has lost his certificate, 
the secretary will require a letter of indemnity 
before issuing a new certificate. 

Transmission of Shares. When shares 
are transferred not by sale or gift, but by some 
legal process, as to a trustee in bankruptcy, to a 
legatee by will, or to a committee in lunacy, the 
operation is called a transmission. Before 
registering the transmission the directors must 
satisfy themselves as to the bankruptcy, death, 
or lunacy of the shareholder whose shares are 
being handled. In case of the death of a share- 
holder, the secretary will require the production 
of probate or letters of administration, and the 
names of the executors will be entered on the 
register of members. 

The Company’s Common Seal. On 

many documents, as already indicated, such for 
example as share certificates, there must be an 
impression of the common seal of the company. 
This is a very important matter, for according to 
the Act : Any contract which if made between 
private persons would bo by law required to be 
in writing, and if made according to English law 
to be under seal, may bo made on behalf of the 
company in writing, under the common seal of 
the company, and may in the same manner be 
varied and discharged.” It is really the official 
signature of the company, and it is usual for the 
directors to make special arrangements for its 
custody, so that no unauthorised impressions 
may be taken. Table A of the Companies Act 
(1908) enjoins that the seal of a company shall 
not be affixed to any instrument except by the 
authority of a resolution of the board of directors, 
and in the presence of at least two directors and 
of the secretary, or such other person as the 
directors may appoint for the purpose ; and those 
two directors and secretary or other person afore- 
said shall sign every instrument to which the 
seal of the company is so affixed in their presence. 

. It is usual for the seal to be kept locked, so as to 
put it out of use, and to be j>laoed in an iron safe 
in the office of the secretary. The chairman or 
managing director has one key, and the secretary 
another. Records of the occasions when the seal 
is used are often entered in a book kept for the 
purpose^ which sets forth the date, the ooouments 
sealed, and the signatures of those present. By 
the way, the Act declare^j^at “ every limited 
company must have its name engraven in legible 
characters on its seal; ” ahd'if a £»al is us^d in 
which this provision has not been carried out, 
any director, manager; or officer of the company, 



or any person acting on its behalf, who uses or 
authorises the use of such a seal, and purporting 
it to*bo the seal of the company, is liable to a 
penalty of fifty pounds. 

Company Meetings. A company's policy 
is fixed at the meetings of its directors and 
shareholders, and it is absolutely essential that 
the secretarj^ should be thoroughly well up in 
the details of the procedure which has to be 
followed at these meetings. 

The First Statutory Meeting. The 
Companies (Consolidation) Act, 1908 enjoins 
that every company shall, within a pei iod of not 
less than one month, nor more than t hrcc mont lis, 
from the date at which the company is entitled 
to begin business, hold a general meeting 
of the members of the company, which shall bo 
called the statutory meeting. At least seven da\'s 
before the day on which the mooting is held the 
directors must forward a report called “ Hie 
statutory report ” to every member of the 
company, which report must be certified by two 
directors, or, if there are not two, by tlm sole 
director. It must state the total number of shares 
allotted, distinguishing shares allotted as fully 
or partly paid up otherwise than in cash, and 
stating, in the case of shares partly paid up, the 
extent to which they are paid up, and in either 
case the consideration for which they hav^e been 
allotted. It must also state the total amount of 
cash received by the company in respect of all 
the shares allotted, distinguished as indicated 
above ; an abstract of the receipts of the com- 
pany on account of its capital, whether from 
shares or debentures, and of the payments made 
thereon, up to a date within seven days of the 
date of the report, exhibiting under distinctive 
headings the receipts of the company from shares 
and debentures and other sources, the payments 
made thereout, and particulars concerning tlio 
balance remaining in hand, and an account or 
estimate of the preliminary expenses of the 
company. The report must also contain tlie 
names, addresses, and descriptions of the 
directors, auditors, managers, and secretary of 
the company ; and the particulars of any 
contract the modification of which is to be sub- 
mitted to the mooting for its approval, together 
with the particulars of the modification or pro- 
posed modification. Thv* report must bo certified 
as correct by the auditors of the company, and 
a ctrtificd copy must be filed with the Registrar 
of Companies directly the report has been sent to 
the members. 

Procedure at the Meeting. Though 
the statutory meeting is more or less of a formality, 
a number of regulations must, according to the 
Act, be strictly carried out. The directors must, 
for instance, produce at the beginning of 
the meeting a list showing the names, descrip- 
tions, and addresses of the members, and the 
number of shares held by them respectively, and 
this list must be allowed to remain open and 
accessible to any member during the whole of 
the meeting. The menibers must be at liberty to 
discuss any matter relating to the formation of- 
the company, or arising out of the report, 
whether previous notice .has been given or not, 
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hut no resolution of which notice has not been 
given in accordance with the articles may bo 
passed. The meeting may adjourn from time to 
time, and at any adjourned meeting any resolu- 
tion of which notice has been given, cither before 
or subso(piently to the former meeting, may bo 
passed, and the adjourned meeting has the same 
pow'ers as an original meeting. Of course, the 
statutory report does not, have to be filed in the 
case of a private company, but in the case of a 
public company if it is not Hied, or the statutory 
meeting is not held, the company may be w’ound 
up by the Court, or the Ctmrt may order the 
meeting to be held and the report filed. 

The Annual General Meeting. A 
general meeting of every company must be held 
at least, once in every calendar year, and not less 
than fifteen months after the holding of the last 
preceding general meeting. It must be held at 
such lime and place as may be prescribed by the 
company in general meeting, or, in default, at 
such time in the month following that in which 
the anniversary of the company’s incorporation 
occurs. If not so held, the company and every 
director, and also the manager, secretary, and 
other officer of the company who is knowdngly 
a party to the default, is liable to a fine not 
exceeding fifty .pounds. If the general meeting 
is not held in fPccordance with this provision of 
the Act, any member may apply to the Court to 
call or direct the calling of a meeting. Seven 
days’ clear notice, at least (exclusive of the day 
on w'hich the notice is served, or deemed to bo 
served, but inclusive of the day for which notice 
is given), specifying the place, the day, and the 
hour of meeting, and, in the case of sjX)cial 
business, the general nature of that business, 
must bo given to all such persons as are 
entitled to receive such notices ; but the non- 
rcceipt of the notice by any member does not 
invalidate the proceedings at a general meet- 
ing. The notices arc usually sent by post, 
and are considered properly served if they have 
been correctly addressed, stamped, and posted 
in the ordinary way. 

The Agenda. The secretary will prepare, 
an agenda, and it is usual to send a copy of it to 
the shareholders with the notice convening tho 
meeting. The items would be something like 
this: (1) The .secrotary to read tho notice con- 
vening tho meeting ; (2) letters of apology for 
absence ; (3) minutes of tho last annual general 
meeting ; (4) report and accounts ; (5) resolu- 
tion api)roving and adopting accounts ; ((5) 

resolution that dividend of so much per cent., 
as recommended by the directors, be paid ; (7) 
re-election of retiring director.s ; (8) re-election 
of auditors. 

Of course, this agenda may be much elabo- 
rated. For instance, it may be arranged before- 
hand who is to propose and second the resolu- 
tions, and the names might be printed on the 
agenda. Most of the resolutions at any company 
meeting will be drawn uj) by the secretary, but 
if there is any difficult point it is always wdso for 
him to con.suIt the company’s solicitor, so that 
the phraseology may insure that everything is 
perfectly in order 
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Preparing; for the General Meeting. 

The directors will instruct the secretary to pre- 
are for the general meeting, but he should 
ring the matter to their notice by placing it upon 
the agenda at a directors’ meeting some time 
before the time when notices have to be sent out. 
Having received formal instructions, he will 
prepare and send out the notices, with copies of 
the agenda, the report, and the accounts duly 
audited and signed by the directors and auditors, 
and the auditors’ report. He will then prepare a 
more detailed agenda for the use of the chairman 
of the meeting, who should be the chairman of 
the company. A copy of this detailed agenda he 
will keep before him, as it will facilitate the 
taking of minutes. When the day of the meeting 
comes he will see that the room or hall where it 
is to bo held is properly prepared with chairs, 
table, ink, pens, and so on. The chairman, 
directors, and secretary will sit at a table at the 
head of the room, and on the table will be the 
agenda-book, the minute-book, copies of the 
report and accounts, and the auditors’ reiK)rt, 
and alw’aya there should be a copy of the 
memorandum and articles of association in 
case it may be necessary to refer to them. The 
shareholders should bo admitted to the room 
some time before tlic hour for beginning the 
meeting, and a record should be kept of their 
names as they come in. One method is to admit 
by special cards, when the cards collected form 
a record of the attendances ; while another 
method is to let one or two ttlerks sit at a table 
near the door, and take the names as the 
members enter. 

A meeting should begin at the scheduled time> 
the chairman and aJl the directors, with the 
secretary, being in their places before the 
appointed hour, so that there jiiay be no delay. 
According to Table A, three 'members form a 
quorum; and if within half an hour from the 
time appointed for the meeting a quorum is nCt 
present, the meeting must stand adjourned to 
the same day in the next week, at the same time 
and place. And if at the adjourned meeting a 
quorum is not present within half an hour of 
the time appointed, the members present are 
considered as forming a quorum. 

Proceedings at the Meeting. A quorum 
being present, the chairman calls on the secre- 
tary to read the notice convening the meeting, 
and any correspondence; and the agenda such as 
has been outlined is then proceeded with. The 
minutes of the last meeting, and the report, with 
the accounts, arf) usually t^en as read, the meet- 
ing signifying its approval of this course by calling 
“ Ay ** or “ Agreed.” The chairman then moves 
the adoption of the report and the accounts, and 
the person who is to second is called upon to do 
so. The shareholders then have an oppor- 
tunity of asking .questions or criticising, and 
the resolution is put to the meeting. According 
to Table A, a resolution shall be decided on a 
show of hands, but the more common method is 
for the chairman to ask those in favour to say 
against Nq, and if the Ay<js pre- 
pdhdRMiite ha tml exclaim ” Carried.” 

; 2m , 


^ TaRiag a Poll. Before or on the declara- 
tion of the result' of the show of hands, a noil 
may be demanded by at least- three meml^rs, 
and this may be taken at once, scrutineers being 
appointed by the meeting, or it may be taken"* 
” as the chairman directs.” On a show of hands, 
every member present has one vote, but on a poll 
every member has one vote for each share of 
which he is the holder. No member whose calls 
are not paid up can vote. On a poll, votes 
may bo given either personally or by proxy, 
and the instrument appointing a proxy must 
be in writing under the hand of the appointor or 
of his attorney. No person may act as a proxy 
unless he is entitled on his own behalf to bo 
present and vote at the meeting, or has been 
appointed to act as proxy to a corporation. 
The instrument appointing a proxy must be 
deposited at the office of the company not less 
than forty-eight hours before the time for holding 
the meeting. The starai> duty on a proxy for 
use at one meeting or at an adjournment of it 
is one penny ; but for use at more than one meet- 
ing, ten shillings. It is the responsibility of 
the secretary to sec that all proxies are in order 
and properly stamped, as any irregularity in- 
validates them. At every meeting the secre- 
tary should have read}’ a list of proxies, with 
the votes represented by them, and he should 
also have the share register with him, in case of a 
poll being demanded. ^ 

The chairman may, with the consent of the 
meeting, and must, if so directed by the meeting- 
adjoum it from time to time and place to place, 
but no business may be transacted at any ad, 
journed meeting other than the business left 
unfinished at the original meeting. When a 
meeting is adjourned for ten days or more, notice 
must be given to the members, as in the case of 
the original meeting. 

Taking the Minutes. The secretary must 
be careful to have correct minutes of the meeting. 
Whore the business is merely routine according 
to the agenda, this will be a simple matter, and 
the record should be written up directly after the 
meeting, while the details are fresh in mind. A 
draft should be made out and approved by the 
chairman, and then copied into the minute-book 
and signed by him as soon as possible, as until 
then they are not regarded as evidence of the 
proceedings. 

Where there has been a great deal of discus- 
sion at a meeting, with proposal and counter- 
proposal, the secretary must exercise his dis- 
cretion as to how much he will record. All the 
essential points must, of course, be entered, but 
in addition it is often wiae to keep a record of 
some of the proposals that did not find a seconder 
even. Separate minute-books must, of course, 
be kept for the meetings of sliareholders and 
the meetings of directors. In addition to the 
minutes, the secretaiy must also make a careful 
note of any instructions given at the meeting, 
and see that they are carried out promptly and 
.accurately. The payment of the dividend is an 
ijustanco in point. 

. CHARLES RAY 
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THE MYSTERY OF MAGNETISM 


must now conclude with a systematic if 
^ brief discussion of a subject to which 
reference has frequently been made in ])roceding 
pages. We had no choice but to consider the 
relations of light, magnetism, and the electro- 
magnetic theory of light before we had properly 
defined certain of the terms whi(!h wo employed. 
But, at any rate, these references to the subject 
must have interested the reader in it. It is the 
old story : electricity — whicli derives its name 
merely from the Greek word for amber — was once 
a sort of freak phenomenon, but now its study 
dominates the whole of the natural sciences ; 
and, similarly, magnetism is derived from the 
Greek name for a particular ore of iron, but is 
now recognised to be a phenomenon of the widest 
)X>ssible practical and theoretical interest. 

The Invention of the Compass. The 
ancients knew that the ladesfcme is capable of at- 
tracting iron, in whatever form, and of endowing 
such iron with a measure of its own properties. 
They also knew that other metals do not share in 
this property, and that the intervention of other 
metals between the magnet and the iron does 
not interfere with the attraction. But to the 
few facts they knew they added a vast amount 
of pure fiction, which was accepted as fact for 
many centuries. It was the invention of the 
compass that marked the first epoch in the 
science of magnetism. It is commonly believed 
that to the Chinese must bo ascribed the first 
invention of this wonderful little instrument. It 
is stated by the Chinese historians that in the 
twenty-seventh century before Christ the com- 
pass was used in war. It is also a Chinese dic- 
tionary that first defines the lodestone. The 
Chinese appear to have long used the compass 
upon land before it was employed in navigation. 
It seems quite possible that the Chinese com- 
municated their knowledge to the Arabs, and 
that the Arabs introduced it into Europe, At 
any rate, even in the twelfth century European 
sailors employed a primitive form of compass, 
which “ seems to have consisted simply of an iron 
needle which was touched with the lodestone 
aiivl placed upon a pivot or floated on water, so 
that it could turn more or less freely. It was 
found that such a needle came to rest in a 
position pointing approximately north and 
south. ... As those compasses were made 
of iron (steel was not used till much later), and 
were probably ill pivoted, they must have been 
very inaccurate ; and the difficulty of using them 
must have been much increased by the want of 
a card, which was a later addition, made appar- 
ently by the Dutch.” 

Discoverer of the Earth's Magnetism. 

The next stage in the history of our knowledge 
of magnetism is undoubtedly represented by the 


life-work of Dr. William Gilbert, of Colchester, 
who was physician to Queen Elizabeth, but who 
w'ill be remombered not as a physician, but as 
“ the Galileo of magnetism.” It is true that he 
was President of the Royal (College of Physicians 
and achieved great professional success, but he 
added nothing to medical science. On t he other 
hand, he published, in the year IG(X), the greatest 
work that has ever boon written upon magnetism. 
He died throe years later, at the ( probable) age of 
(>3. Gilbert was the absolute pioneer in this sub- 
ject. Not only did he make many experiments, 
but w'oowe also to him the capital discovery of the 
magnetism of the earth. Having found that the 
w^holo earth is none other than a great magnet, 
Gill>ert Avas thereby enabled to explain not only 
the direction occupied by the com}>as8 needle, 
but also what is known as the magnetic dip. 

The Axis of a Magnet. We are apt to 
think of a magnet as a thing with two ends, 
blit it is w^ell to follow the example of Gilbert 
himself, and t^e the case of a spherical magnet, 
which also has “ poles.” The phenomena of 
magnetism do not at all depend upon the form of 
the magnet. We shall afterwards see that they 
are not motor, but molecular. Such a spherical 
magnet, then, like any other, has an axis 
and polos. That end of the axis which always 
turns northwards we usually know as the north 
pole, and conversely. Wo shall soon see that it 
W'oiild bo much more correct to describe the 
northward-turning pole of the magnet as its 
south pole and the southward turning pole as 
its north pole. At any rate, when the magnet 
comes to rest, the vertical plane in Avhich its 
axis lies is known as the magnetic meridian^ 
indicating respectively the magnetic north and 
the magnetic south. 

The Magnetic Needle. Having disposed 
of the notion that the molar form of a body 
has anything to do with its magnetism, wc may 
now study the more common form of artificial 
magnet, usually called the magnetic needle. This 
will consist of a thin piece of hard-tem|)ered 
steel which has been magnetised in one way or 
another. It may have been rul)bed with a piece 
of lodestone or Avith an artificial magnet, or it 
may have been made magnetic by electrical 
means. A steel knitting-needle can easily bo 
magnetised by the first process. First of ail 
we must have some means of distinguishing one 
end from the other. Lot us decide that the end 
Ave shall call A is to become the north polo 
of the magnet, and the other end, B, the south 
pole. Lot us then take a magnet, i)laco its 
north pole on the point A of the knitting-needle, 
and draw it along the needle from A to B. 
Similarly, avo may draw the south pole of the 
magnet along the needle from B to A. If this 
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process be repeated often enough, we shall find 
that the knitting-needle has Income magnetic. 
Such a magnetic needle may be made to fioat 
upon the surface of water, not because it is 
magnetic, but because of the surface tension of 
the water, as the reader will doubtless remember. 
And we find, when we lower it very gently upon 
the surface of water, that it will slowly turn until 
it comes to lie in the magnetic meridian. It is 
of the utmost value in many experiments to 
have a needle thus balanced so that it can move 
freely in a horizontal plane. A method employed 
by Gilbert, besides the method we have just 
described, was to suspend a very fine magnetic 
needle from a single fibre of silk, which scarcely 
interfered at all with its movements. 

The Magnet and the Poles. What is 
known as the magnetic dip was independently 
discovered by several observers before the time 
of Gilbert. In 1544, a German vicar discovered 
that the magnetic needle, as he says, points 
downwards." “ This may 1^ proved as follows : 
I make a needle a finger long which stands hori- 
zontally on a pointed pivot so that it nowhere 
inclines towards the earth, but stands horizontal 
on both sides. But as soon as I stroke one of 
the ends with the lodestone, it matters not 
which end it be, then the needle no longer 
stands horizontal, but points downwards.” 

The magnetic dip varies in different ])lace8. 
It does not exist at all along a lino which corre- 
sponds more or less with, but along a line which 
definitely differs from, the equator of the earth ; 
this lino is known as the magnetic eqaaior. North 
of it the north end of the needle dips below the 
horizon ; south of it the south end dips below 
the horizon. In each hemisphere, north and 
south, there is a point where one end or other 
of the needle dips vertically downwards. These 
points are known as the north and south magnetic 
poles of the earth respectively ; but a further 
study of them belongs to the subject of terrestrial 
magnetism, and hero we are dealing with the 
whole subject historically. 

The magnetic dip having been discovered just 
before the time of Gilbert, it remained for him 
to explain it in terms of teriestrial magnetism. 
Before him there had been made, but not ex- 
plicitly stated, the notable discovery of the 
mutual behaviour of the poles of magnets, 
'^his behaviour may be expressed by the very 
^imple rule that like magnetic poles repel, un- 
like magnetic poles attract each other. The law 
of the intensity of this magnetic attraction and 
repulsion is the law with which we are already 
so familiar — it varies inversely as the square of 
the distance. 

Para-Magnetic and Dia- Magnetic 
Bodies. Faraday studied an enormous number 
of bodies, and divided them into two groat groups. 
Those which behave like iron,^ being attracted bv 
magnets, he calls para-magnetic,wmie those which 
are repelled in greater or less degree by magnets 
he calls dia-magnetic. We need not ^ve the 
list of substances which he tested. The interest- 
ing fact to notice is that almost every kind, if 
not abfplutdijr every kind, of substance that can 
be with is acted upon by a suffi- 


ciently powerful magnet in one way or another. 
We may select the following substances from 
Faraday's list of dia-magnetic bodies in ordeiP to 
show their heterogeneous character : Rock^ 
crystal, nitrate of lead, citric acid, water, ^ 
alcohol, nitric acid, alkaline salts, glass, iodine, 
resin, sealing-wax, jet, sugar, wood, leather, 
beef, and blwxl. 

The Range of Magnetism. Magnetic 
properties are not confined to solids. For 
Faraday found that gases have magnetic pro- 
perties, though it is not necessary here to quote 
the fable of his results. The most magnetic of 
all gases is apparently oxygen, though it may 
possibly be surpassed in this respect by its own 
modification, ozone. 

Within the limits of magnetic action, the inter- 
position of material bodies is of no more moment 
as such than it is in the case of gravitation, 
provided that the intervening bodies bo them- 
selves non- magnetic. It has already been noted 
that this important fact was recognised some 
centuries ago. 

Though various forms of iron, for instance, are 
culpable of magnetisation, they vary very much, 
and at present very mysteriously, in their be- 
haviour when so magnetised. A piece of soft 
iron will become a magnet when it is touched 
by or placed sufficiently near to another magnet, 
but, so soon as it is removed from this influence, 
its magnetic powers vanish. Steel, however, or 
a hard enough iron, when adequately magnetised, 
will retain the property indefinitely. 

How Physical Conditions Affect 
Magnetism. Certain illustrations of the 
effect of physical conditions upon magnetism 
may be quoted. Thus, in the case of soft 
annealed iron, under certain conditions a con- 
siderable ]:)ercentage of induced magnetism can 
be retained. But the mere effect of a tap is 
sufficient to destroy this. This single instance 
is extremely suggestive. 

Then, again, we may take the influence of 
temperature, which is found to be very decided. 
Up to a certain point a rise in temperature in 
the case of soft iron greatly increases its response 
to magnetism. Yet a point is reached beyond 
which the reverse action occurs, and the mag- 
netism of the iron disappears. It is indeed 
true for all specimens and all varieties of iron 
or steel that there is a temperature — varying, 
of course, in different cases — which we may call 
the critical temperature, and beyond whicn the 
magnetism entirely disappears. 

Molecular Theory of Magnetism. We 
comTiionly think of a magnetic needle as having 
two ends, which wo distinguish as its north and 
south poles, but this is ^y a relation ; and 
the remarkable fact which we discover when 
we break up such a needle is that this rdation 
holds good of all its parts. Break the needle 
in tw'o, and each half beobmes a m«^et, with 
its own north and south poles, tkeir positions 
corresponding to those of the unbroken needle. 
Break im these halves again, and the same result 
is found. Must we. not, then, conclude that the 
ultimate molecular units-^not, of course, the 
ultimate units — of such a magnet are themselves 



magnetised ? In short, must we not form some 
molecular theory of magnetism ? 

Weber’s Explanation. The theory of 
molecular magnets — ^that is, that the individual 
^molecules of iron or steel are themselves magnets 
— was explained by Weber, who supposed that in 
unmagnctisi'd iron the molecules are lying in all 
directions indifferently, and that they therefore 
neutralise each other’s action, with the result 
that the mass, as a whole, has no magnetic 
action. Then, when the iron is magnetised, we 
may supp0S3 that the molecules have all been 
turned more or less in one direotiaii, so that 
their action is summated instead of being 
mutually neutralised. Such a theory evidently 
leads to the conclusion, which is verified, that 
there is a definite limit to the possible magnet- 
isation of any body. 

The Earth, the Sun, and the Magnetic 
Needle. In our brief introductory history of 
this subject wo have already outlined one or two 
of the facts of terrestrial magnetism. We have 
seen that William Gilbert explained the behaviour 
of the magnetic needle by the extremely bold 
but justified sj^eculation that the earth itself is 
a huge spherical magnet. It was this theory 
which led Gilbert to experiment with little, 
spherical models of the earth, which he r^alled 
terrellcoj, or little earths. We have also noticed 
the existence of the magnetic poles of the earth, 
and may briefly note that the term isorlinic. 
lines describes lines drawn on charts of the 
earth so as to pass through places where the 
angle of dip is the same. At the magnetic poles 
the angle, of course, is 90 degrees. Again, though 
we speak of the noodle pointing north and .south, 
wo must remeinbor that, except along two lines, 
there is a declination, or variation, at every 
l>oint upon the earth’s surface between the 
true meridian and the magnetic meridiati. 
“ Isogonic linos ” indicate places where the 
declination is the same. 

Pools are apt to use the magnetic noodle as 
a symbol of constancy — “ true as the needle to 
the Polo.” But, as a matter of fact, there are 
incessant changes in the behaviour of the needle 
at' any given place as regards both variation and 
dip. Some of these can scarcely be measured in 
less than centuries, others definitely correspond 
to the year, and others, again, may bo measured 
from hour to hour. Lastly, we may note the 
amazing fact that the behaviour of magnetic 
mH3dles on the earth is influenced by the state 
of the sun. It is definitely known that sun-.si)ots 
affect the magnetic needle. 

The Error of the Compass. If the earth 
be a magnet, then it should have all the properties 
of a magnet. For instance, it should be capable 
of inducing magnetism in susceptible substances 
in its neighbourhood. It has this property, 
and it is found that steel masts and columns, 
pokers, hammers, and other objects of steel, 
are sufficiently magnetised to affect a compass 
appreciably. This is the result of induction by 
means of the magnet wo call the earth. 

This is a phrase used by Lord Kelvin in order 
to describe the influence upon a ship’s compass 
of the ship’s own magnetism. All tli^ soft iron 
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of a ship is magnetised by the earth’s induc- 
tion, though this. magnetism is only temporary 
and not important. On the other hand, all the 
steel of the ship and its hard iron acquire a 
more or less permanent magnetism, the exact 
nature of which depends upon various factors, 
such as the po.sition in which the ship lay while 
it was being built. This permanent magnetism 
of the ship is a very serious matter, and may 
mean the difference between life and death for 
the sailor. 

The Greatest Inventor in History. 

It is not necessary here to describe the various 
kinds of error which the permanent magnetism 
of the ship may induce in the indications of the 
compa.ss. But we must celebrate once more the 
great name of Lord Kelvin, that mighty geniiis 
Avhose practical inventions alone constitute him. 
perha])H, the greatest inventor in history, while 
his contributions to pure science would suffice 
to immortalise a dozen men. 

The Thomson or Kelvin compass is now to 
be found on every ship that sails the seas, and 
no one can say how many lives it has saved or 
Avhat worth of cargo. Among the distinguishing 
properties of the instrument wo may briefly note 
the fact that the Kelvin compass contains six 
or eight magnetised needles instead of one, and 
that the various kinds of errors of the compass 
are corrected f5y means of appropriate apparatus, 
such as bar magnets, horizontal and vertical, 
the position of which can bo altered, and balls 
of soft iron, which are fixed on to the binnacle 
at the hwel of the card of th(^ comj>asa, and 
Avliieh neutralise the magnetism induced by the 
earth in the soft iron of the ship. 

The Field of a Magnet. Wo have 
already seen that in the neighbourhood of a 
magnet there is some essential difference from 
the conditions which prevail farther away. 
The area over which the magnet exercises its 
influence we may describe as the field of the 
magnet. Wo have already noted facts from 
which wo may properly infer that the earth 
itself, being a magnet, has a field in its imme- 
diate neighbourhood. And this is so. The ex- 
istence and some of the characters of a magnetic 
field may bo shown by spreading some iron 
filings evenly upon a sheet of jiaper underneath 
which lies a magnet. If 've tap the paper we 
find that these filings arrange themselves along a 
scries of curved lines passing between the two 
j)oles of the magnet. These curved lines are 
known as lines of force, and their study is ex- 
tremely complicated and intt^resting. The ap- 
propriateness of the name will be seen if we 
make a further experiment, which consists in 
lowering a small magnetised needle over the 
pa])er and seeing what hapiiens to it. Its f)oint 
will be found to follow one of the linos of force 
already indicated by the position of the iron 
filings, and if the north pole of the needle bo 
downwards it will be driven towards the south 
polo of the magnet. 

For further information regarding magnetism 
and its relation to electricity the student is 
referred to the chapter on Electromagnets on 
page 492, C. W. SALEEBY 
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BRICK AND 

Aijr Flues, flues for convoying air into 
or out of a building in connection with its 
ventilation are often required. These may 
vary from large air ducts, in the case of the 
main flue of a large building, to a small flue 
formed in the thickness of a wall. The large 
duct is formed with brick sides and very frequently 
with a concrete floor and ceiling, and the walls 
may, if necessary, be plastered. Smaller flues 
are often formed in the thickness of the wall in the 
case of inlets, and should be formed without 
sharp bends or angles where possible, and 
should, if possible, be rendered [115]. Extract 
flues are sometimes carried up in the same stacks 
as chimneywflues ; in other coses several are 
gathered mto horizontal ducts and thence 
taken to a vertical flue or upcast shaft, resem- 
bling a small factory chimney, which is usually 
fitted with some mechanical appliance for 
^ extracting the air. [See Ventilation.] 

Forming Chases in Brickwork. It 

is often necessary to form a vertical recess 
in the face of a brick wall, to receive a rain- 
water pipe on the outer face, or one or more 
lead or iron water pipes internally. Where 
such chases are required it is desirable, when 
possible, to form them in building the wall, 
both the depth and width of the recess being 
the multiple of half a brick ; but, especially in 
the case of internal pipes, it is not always 
possible to foresee where they will be requir^, 
and chases must then be cut ; strong chisels 
are required, and the bricks are cut by driving 
the chisel into the brick and levering out the 
brick required to be removed. It is undesirable 
to cut brickwork that is newly erected, or, as it 
is termed, green, for this is uable to shake the 
wall and disturb the brickwork all round. 

Chases may be formed for the most part 
wherever they are required ; but a chase may 
not be cut in a party-wall so that the back of 
it comes within 4 in. of the centre of the wall, 
and they should not be cut close to the angle 
where two walls are joined. A chase that has 
been cut in this way will always bo somewhat 
rough on the cut surfaces, but may be rendered, 
if required, to have a smooth surface. 

Perforations in Brickwork.' Perfora- 
tions are also required for many purposes in 
brick walls, as, for example, where the pipe from 
a w.c. or sink has to be passed through the wall 
from the interior to the outside. Such perfora- 
tions are cut with chisels similar but of greater 
length, where thick walls have to be dealt with. 
Where the brickwork is old and of good quality 
the process may be very laborious ; the perfora- 
tion is made larger than the size of the pipe, . 


TILE WORK 

and the opening is made good with new brick- 
work after the pipe is in position. 

Building-in and Pinning-in Stones. 

Very frequently it is necessary to insert in briok 
walls blocks of stone, which form the sills of 
window openings or the steps or thresholds of 
door openings. These may either be huiU-in as 
the wall proceeds, if they arc prepared, or may 
be afterwards cut and pinned-in. In the first 
case the stone is placed in position when the wall 
has been carried to the proper height to receive it, 
and a bed of mortar is placed under each end, but 
it is usual to leave the centre of the stone without 
any mortar bed. This is termed hollow bedding, 
and the object is to permit the stone more freedom 
of movement if a slight settlement in the wall 
should take place, which may often prevent a 
fracture. When the brickwork is pointed down, 
on completing the work, all such hollow bods 
must be carefully filled with mortar, which is 
worked well into the back of the bed with the 
trowel. After the block of stone is bedded the 
building of the wall is continued, the brickwork 
being cut and fitted round the two ends of the 
stone. 

Whore a stone has to be cut and pinnod-in the 
brickwork is cut away as far as is necessary to 
receive the ends of the stone, which is placed in 
position on a prepared mortar bed, and the 
brickwork is made good all round the stone, the 
cement mortar being forced in between the upper 
surface of the stone and the brickwork above ; 
whore the brickwork has had time to settle 
thoroughly before the stone is pinned in, hollow 
bedding need not be resorted to. 

Forming Sand Courses. In the case oi 
stone staircases in which the ends of the steps 
have to be built into brick walls, and where the 
steps cannot be built in, it is usual to bed the 
bricks forming these portions of the wall that 
will bo required to be taken out to receive the 
end of each step in sand instead of mortar. This 
allows the wall to bo carried up above the sand 
courses, but permits of the bricks so laid being 
withdrawn without shaking the wall. It is, of 
course, essential that the position of all steps to 
be provided for in this way should be accurately 
set out, and the steps when inserted are pinned-in 
in cement mortar, and the brickwork made good 
round them. ^ 

Building-in Iron and Timber. The 

ends of iron bars are sometimes cut and pinned 
into brickwork, but this does not ^ive a very 
good fixing, and, where possible, it is better to 
let the ends of such bars into blocks of stone built 
into the wall. This course is usually adopted in 
all oases in which a considerable strain is placed 
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upon the ironwork, as in the case of the hooks 
for hanging large gates. 

The encC of timbers should not be built into 
brick walls, as they are apt to d ’cay, but there 
should be formed, to receive the ends of all such 
timbers, a recess which will allow a free circula- 
tion of air round them. 

Preparations for Fixing Joinery. 
Wherever joinery is required to be fixed, in 
brick openings or against the face of brick walls, 
preparation for its proper fixing must be made. 
A method formerly in vogue, but much less used 
now, was to build in at intervals wood blocks the 
size of an ordinary brick ; but it was found that 
such blocks are apt to shrink, become loose, and 
therefore be unreliable, and in place of them 
similar bricks made of fine breeze concrete are 
now .used. These are not liable to shrink, and 
give ^cellent fixing for naih and screws, but care 
must be taken if two adjoining faces are exposed 
giving a salient angle, not to split the brick in 
driving in nails. Another method is to build-in 
wood slips, The?e are thin layers of wood tho 
same size as a brick, about f in. thick, and are 
inserted between two bricks in place of a mortar 
bed. , Being thin, they are not liable to shrink 
appreciably, and are firmljr held by the weight 
atmve them ; but care is required in fixing 
joinery to them not to split them. Another 
method which answers fiMdmirably for fixing 
solid frames is to build into the brickwork iron 
hMfaelSt one end split and turned up and down, 
or else split and spread outwards, the other end 
bentf down and tapped for a screw [1^6] this 


end is loft exposed in the face of the brickwork, 
the frame is fixed by means of a screw to it, 
and the head of the screw may be counter-sunk. 
[See Joiner.] 

Position of Fixing Blocks. Whatever 
the means of fixing adopted, points for fixing 
should be provided in all openings within 12 in. 
of tho top and bottom, and at intermediate 
points not more than 18 in. apart, and in the case 
of dadoes, rails, etc., not more than 3 ft. apart 
horizontally, or more than 18 in. vertically. 
Where joinery is to bo fixed to an old wall tho 
bricklayer must cut a series of holes at similar 
intervals, into which the joiner drives wedges of 
hard wood, which are cut off flush with tho face 
of the wall or of tho plaster. 

Bricklayers* Work for Other Trades, 
The bricklayer usually beds all wood plates 
and lintols supplied by the carpenter — t.p., 
he lays on tho surface of tho brickwork 
which is to receive the plate an even bed of 
mortar on which the plate is laid and levelled, 
lie also beds or builds- in templates, corbels, or 
brackets of stone supplied by the mason, or of 
iron supplied by the smith. He also beds door 
and window frames, and points all round them 
between the frame and brick reveals in cement ; 
sometimes screeds are formed against the back 
of tho reveals to receive the face of tho joinery to 
bo fixed, and this is usually done in mortar formed 
of one part of lime to three of sand, with tho 
addition of 1 lb. of clean bullock’s hair to every 
2 cub. ft. of lime, to give it cohesion, as in 
plasterers* work. [See Plasterer.] 
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Altering Old Brickwork. The method 
of toothing new work to old •has been already 
described [page 2727]. Another operation that is 
frequently necessary is the cutting of a new 
opening in an old wall. If the brickwork be 
sound in character, and the opening of moderate 
size, say 5 ft. or less, the opening may y>e cut 
away without any fear of collapse or settlement. 
An arch, with or without alintol, is thrown across 
the opening as for a now arch, and the brickwork 
above made good to it ; the jambs are also, in 
many cases, rebuilt, or at least rofaccd. If the 
work is not sound in character, special care 
must be exercised, as the cutting away is apt to 
shake the wall. When possible, a portion of the 
thickness only, say oncdialf, should be cut away, 
the new arch or lintol inserted under this portion, 
and the whole made good before the other 
portion is dealt with. If the opening is a wide 
one, and a girder or bressummer is to be inserted 
to carry the upper part of the old brickwork, 
the upper part of the wall is first carried on 
needles [see page 1410], the brickw'ork is «*ut a was 
as required to form the opening, and the now 
girder is then put into position and supported on 
iron stanchions or storey posts, or by brick piers 
erected by the bricklayer. When in position, 
the upper flange is covered with a thick layer of 
cement mortar, on which slabs of stone ar(^ 
bedded, equal in width to the thickness of the wall 
above. On these stones a brick wall is eommcnceil 
as already described, and is built up to the under- 
side of the old brickwork, but no footings are 
necessary ; the work is carefully set out and 
finished, so that it will support the under side of 
the old walling, tiles or slates bedded in cement 
being employed to make up any height that will 
not accommodate a full brick course. All such 
work is executed in cement mortar, and the 
process of finishing the new work tight \ip under 
the old, which involves a process of carefully 
filling in the last joint with mortar from the face 
of the wall, is termed pinning -up. 

Underpinning in Brickwork. In 
underpinning an existing wall in brickwork, the 
process is, in some respects, similar to the last. 
A short description of the general process and 
particulars of the excavator’s work was given 
on page 882. The illustration [114] shows an 
end wall of a building the foundations of which 
are to be carried down to a depth 5 ft. below 
their former level. The necessity for this may 
be due to a failure of the earth below the old 
concrete, or to provide increased height for a 
basement. In the first case the old wall will 
have shown signs of failure, and will have to be 
shored before the foundations are touched ; in 
the latter case, if the ground bo solid in character, 
the work may be executed without this pre- 
liminary in many cases ; but judgment and 
experience alone can determine in any particular 
case which course to pursue. 

The pier A or the piers A and E would, in 
most cases, bo first dealt with. An excavation 
largo enough exactly to receive the new concrete 
block is made to the necessary depth, and the 
eidos are well timbered [page 877], and the 
concrete bed inserted, and allowed to set. 
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The bricklayer, after the new concrete founda- 
tion of the first pier or set of piers is in position, 
sets out the new footings on the top of it, with 
due regard to the position of the old brick 
walling to be supported, and erects his wall. 
This is built of the same length as the concrete 
foundations, and in erecting it a toothing is 
formed at the end to receive the intermediate 
lengths ; at the top the wall is pinned up tight 
against the old one. In constructing other 
lengths of the wall subsequently, such as the 
angle pier E, if not carried out at the same time, 
and the central pier C, care must be taken 
to preserve the proper horizontal alignment of 
the different courses, so that when the inter- 
mediate portions, B and D, of the wall are built, 
the whole will bond properly, and form in effect, 
when completed, a homogeneous wall, properly 
bonded, and with regular and horizontal 
courses, and to ensure this, a storey -rod [114], con- 
sisting of a strip of board in which the courses 
are marked, should be employed, especially if 
the underpinning bo of considerable depth. 

Brick Paving. Brick paving [117] is used 
in various forms. Ordinary stock or other forms 
of brick may be employed, and laid fiat or on edge, 
and are used for paving coal-cellars and similar 
positions where there is not much or heavy 
traffic ; they may also be used around the out- 
side of the building to form channels, which 
are sometimes employed to help in keeping 
the building dry, and for yards when the traffic 
is not heavy. In other positions subject to 
much wear and tear, as in the case of coach- 
houses and stableyards, clinkers [page 2456] arc 
much used for paving. Staffordshire blue bricks 
of special form [118] are also frequently employed, 
their edges being chamfered to give a reliable 
foothold for the horses. Some form of hard 
l>ed should be provided to receive this paving. 
It may cjonsist of hard dry rubbish, well rammed 
or consolidated with a heavy roller ; but where- 
ever hard bricks are used, and a thoroughly 
reliable floor is required, w'ithout any liability to 
become uneven with wear, a good bed of cement 
concrete at least 6 in. thick should be provided, 
and the ground below it should be previously 
well rammed or consolidated. 

Laying Pavings to Falls. The floor of 
any uncovered yard must not be laid perfectly 
horizontal, or water would lodge on it and not 
run away, but the surface should be inclined, so 
that any water will run off to one or more con- 
venient points, whtjro it may be carried off by 
a drain. This fall should be formed in the 
concrete bed. This work is described as layiivg the 
concrete, fo* falls, and requires careful setting out 
and levelling to ensure that the paving shall at 
no part be hollow, therein retaining pools of 
water. The concrete is usually finished with a 
floated face in Portland cement and sand, to give 
an oven bed for the bricks. These are bedded in 
cement mortar ; the vertical joints may be filled 
with mortar as the bricks are’ laid, or may Ik* 
kept fine, and when the floor is laid, either dry 
cement is brushed into the joints, or grout, 
consisting of cement and sand mixed with an 
excess of water, is brushed over the floor so as to 
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fill up the vertical joints. In laying brick floors, 
whether the bricks be laid fiat or on edge, they 
may be laid in plain parallel rows, or in magonal 
rows, or in the form smown.as herringbone [117]. 
If laid diagonally or herringbone, a plain border 
of straight bricks is usually form^, which may, 
if desired, be of a different colour to the other 
bricks. The best and most even surface of the 
brick should be exposed, and if it has a frog, 
this must, of course, be laid face downwards ; 
it is also necessary, to produce good work, that 
bricks should be selected for uniformity in 
length, especially in herringbone work, other- 
wise much difficulty will be experienced in 
securing a uniform appearance. 

Other Forms of Paving. Besides brick 
paving, various other materials are in general 
use ; in almost all cases, a good bed of concrete is 
required as a preparation for the finishing surface, 
and as a rule this is finished with a floated face. 


rubbed down withdarge rubbers worked by hand, 
and polished. Terrazza is a somewhat similar 
paving in which the small cubes arc not arranged 
m patterns. In all ciisos in which marble is 
employed, whether in mosaic or in the form of 
marble tiles or slabs, the bed and the material for 
setting should bo lime mortar, as cement is very 
liable to stain the marble and discolour it. 

Cement Paving. For many purposes 
cement paving may bo utilised ; this is usually 
formed of one part of Portland cement to one of 
sand, and should be not less than 1 in. thick, 
as very thin coats are apt to crock and come 
away from the concrete ; if finer work b3 required 
the surface may be finished before it is sot with 
a thin coat of neat Portland cement about 
I in. thick, bi!it the laying of this should not be 
deferred till the coarser rendering is set, or it 
will be liable to separate from it. 

For external work the cement paving should 
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In all cases in which the finished surface is of 
an ornamental character, care must be taken in 
arranging any patterns that may be used, so as 
to centre with the spaces they are to occupy, 
and in adapting borders to any irregularities in 
the plan due to projections or other causes. This 
should be provided for in preparing the design, 
but the execution depends on the workman, and 
requires careful forethought and attention. 

Tile Paving. Tiles are very largely used 
for pavings [1 19]. They y ary greatly in thickness, 
size, shape, and colour ; they may be of one 
plain colour throughout each tile, and throughout 
tho whole floor, or tiles plain in themselves may 
be used in various colours to form patterns, or 
the tiles themselves may be of two or more 
colours. In places where there is no actual traffic 
over them — as, e.g., in hearths — the tiles may 
have a glazed surface. 

Tiles are laid on a floated face formed on a 
bed of concrete ; they must be cut, if necessary, 
to fit irregular positions, are immersed in water 
for some time before laying, and are laid 
and jointed in cement. The cemont bed should 
be about f in. thick to allow of any slight 
unevenness in the tiles being adjusted. 

Mosaic and Marble Paving. Mosaic 
floors, whether of tile or marble, are set out on 
sheets of paper, the small cubes of which they 
are composed being temporarily fixed to the 
paper so as to form the required design. They 
are laid In sections upon the prepared bed, 


be at least 2 in. thick, and may be composed 
so far as the bulk is concerned of one part of 
Portland cement to four parts of small shingle 
free from salt, or of lino granite chippings, and 
finished with neat cement | in. thick laid imme- 
diately after the coarser stuff, so os to set and 
become incorporated with it ; or with crushed 
granite mixed with Portland cement, which is 
known as granolithic paving. 

Channels and Gutters. If channels or 
gutters be required in any form of paving they 
must be prepared for in the concrete bed in 
such a manner that the full thickness of tho 
paving can bo formed at all points in the channel, 
and still give the required finished size for it. 

Asphalt Paving. Asphalt is a good deal 
used for pavings. It must be prepared for like 
other pavings, and the surface on which it is laid 
should be thoroughly dry. It may be laid in any 
thiekne.s8 f?om \ in. up to 2 in., and if it exceeds 
1 in. in thickness, should be laid in two coats, 
which is always desirable when it is required 
to bo absolutely waterproof. It can bo turned 
up against the walls in a continuous layer, 
which, in cases where water is liable to collect 
on tho floor, is a great advantage. In road 
work the asphalt is sometimes laid as a powder 
and beaten with heated irons, but for floors it 
is more usual to heat the asphalt as for damp 
courses, and spread it while hot. [For wood 
block flooring, see Joinery.] 

R. ELSEY SMITH 
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THE GROWTH OF A FROG SEEN BY THE X-RAYS 



Tadpoles sIiowiriK tho developinont of The development of twnesof the Iiead, I’lirther developments of the bones of 

a fiMli-llke tail ami the appearance of and the alimentary canal coiled up like the head, while tho alimentary canal 

pacts of the alimentary canal. a watcli-sprlnK. diminishes in size. 



The alimentary canal situated entirely on the right side, The stage at which the animal leaps a snore asu frog. witl> 

the hind limbs taking torm, and the fore limbs in process shrunken abdomen, and transverse processes of verteli!e 

of unfolding. developing. 



'bm ossification of the upper jawbone, and the vertebral Tlw greatly Increased ossification of the apex .of the 

cohinm and' bead well developed, and the dlBappearance vertebral column, and the bones of fore and hind limbs 

of the tail. well developed. 
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extinct and Extant Ampbiblans. Caecillans. Newts and 
Salamanders. Frogs and Toads. From Tadpole to Frog. 

AMPHIBIANS 


F rogs, toads, newts, salamanders, and some 
other cold-blooded, backboned forms are 
often popularly regarded as reptiles, but in reality 
belong to a decidedly lower class, the Amphibia. 
The soft, slimy skin and the absence of scales 
and claws are distinctive characteristics of 
existing members of the class, but a more im- 
portant point of difference is to be found in the 
nature of the life-history. A frog, for instance, 
does not hatch out of the egg as a miniature 
adult, but as a limbless tadpole, breathing by 
moans of gills and presenting other resemblances 
to fishes. Later on, this larval form passes 
through a number of changes, together mak- 
ing up a “ metamorphosis,” by which it 
gradually come-s to assume the form and 
structure of the adult. The fore and hind limbs 
sprout out, and air-breathing lungs are developed, 
while, in the frog, the gills entirely disappear. 
Jn some other amphibians, however, the gills 
may persist throughout life. 

Extinct Amphibians. Some of the most 
ancient extinct reptiles with which we are 
acquainted possessed certain structural features 
which ally them to the amphibia, and have no 
doubt descended from creatures of the kind. 
As might be anticipated, the reptiles in 
question come nearest to the oldest known 
amphibia. These were the members of the great 
order of armour- headed amphibia (Stegoceph-ala), 
the first backboiuKl animals which entered into 
the possession of the land. They included a 
great number of forms, some very small, others 
of great size, which date from the coal period 
and became entirely extinct during the earlier 
stages ©f the Secondary epoch, being apparently 
unable to compete successfully with the rapidly 
evolving group of reptiles. The heads of these 
ancient types, and their bodies, more or less, 
wore protected by an armour of bony plates. 

Recent Amphibians. These are grouped 
into three orders : 1, C-S3Citjans {Apoda ) ; 

2, Tailed Amphibia (Urodela); and 3, Tailless 
AmP71|:bia {Anura). 

Oaedlians arc limbless, snake-shaped forms, 
which burrow in damp earth, and are widely 
distributed in the tropical regions of both hemi- 
spheres. Their distribution, and the fact that 
they arc devoid of any means of rapid dispersal, 
suggest that the group is one of great antiquity. 
And, as a matter of fact, these little creatures, 
although in some respects much specialised, 
<*ome nearer the primitive extinct forms than the 
other existing, amphibians. Numerous little 
bony plates, for example, are imbedded in their 
skin, repi^sentina the armour that was once 
characteristic of the class. 


Tailed Amphibians. Most country dwel- 
lers are familiar with the little efts, or newts, 
commonly to be seen in ponds or ditches or 
crawling over the damp ground in their vicinity. 
In appearance they are not unlike lizards, but 
their movements are much more sluggish, while 
the slimy, scalelcss skin and the clawless digits 
at once show them to be amphibia. The limbs 
sprawl even more than in reptiles, and the 
thumb is absent. Besides this, newts lay their 
cgg« in water, and tadpoles hatch out from them. 
()iir largest native species is the great crested 
newt (Triton cristaim), which is so called because, 
during the mating season, the male possesses a 
saw-edged fold or crest placed in the middle lino 
of the upper side of the. body. 

Poisonous Types. Salamanders resemble 
newts, but are mostly larger, and, when adult, 
better suited for a life on land. The spotted 
salamander (Salarnandra macidosa)^ common in 
damp woods in parts of central Europe, is black 
in colour, with Grange blotches, giving it a very 
striking appearance. It is, in fact, a case of 
warning coloration, for a poisonous fluid exudes 
from the skin (as in most amphibia) which is 
highly distasteful to mammals, and if injected 
into the blood of small animals of that class 
proves fatal. An enterprising lady who in- 
vestigated the matter gently pressed the tail of a 
salamander between her teeth, and experienced 
considerable swelling of the mouth and tongue, 
associated with the distressing symptoms of 
temporary dumbness. 

The acquisition of poisonous properties by 
the skin has doubtless enabled amphibians to 
dispense with the armour they once possessed. 
These properties are no doubt the foundation 
of the superstition with which newts, frogs, 
and toads arc regarded, but as they neither 
bite nor sting, and can be handled with impunity, 
and since in addition they wage unremitting 
war upon various small pests, there is no excus<^ 
for regarding them with antipathy. 

Egg-laying Larvae. It is interesting 
to note that the tailed amphibia are character- 
istic of the northern hemisphero, 'within the 
limits of' which they are represented by very 
numerous forms. The giant salamander 
{Cryptobranch us japonicus), of Japan and China, 
is the largest of these, being about 6 ft. in 
length. But probably the most interesting 
member of the order is the creature known as the 
axolotl, of which a living specimen is hero re- 
presented. It is an aquatic form native to 
Mexico, and possesses not only lungs, but red 
plumo-like gills projecting from the side of the 
neck. The eggs are laid in water afert the usual 
fashion of amphibians. A good many years ago 
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it was discovered that, under certain conditions, 
axolotls kept in captivity lose their gills and 
change into a kind of salainander, and we now 
know that this takes place naturally in the 
southern part of the United States. The 
axolotl, then, as such, 
is neither more nor less 
than a permanent 
larva, which has pre- 
cociously acquired the 
j)ower of laying eggs, 
and, in Mexico at least, 
dropped the adult 
stage out of its life- 
history. 

Many of the low'or 
species of tailed am- 
phibians retain their 
gills partly or entirely 
throughout life, this 
being naturally asso- 
ciated with an aquatic 
habit. Such forms are 
common in North America, and there is 
one curious species, the olni (Proteus), which 
inhabits the subterranean waters of the caves 
in the Austrian province of Carniola. 


limbs take no part in aquatic progression, being 
folded on the breast. 

The mottled skin of a frog in many respects 
harmonises with the surroundings^ and serves 
the double purpose of protection and aggression. 

A large ampunt of 
change of colour can 
take place, somewhat 
as in the chameleon, 
but less rapidly and 
without so extensive 
a range of possibili- 
ties. Such changes 
arc rendered possible 
by the presence of 
innumerable minute 
s t a r - s h a p e d cells 
(colour bodies) in the 
skin, which contain a 
dark pigment. Under 
the action of the ner- 
vous syst(‘m these may 
be contracted to mere 
pins’ points in size, or expanded to relatively 
large dimensions. In the former case the pig- 
ment is reduced to a small area, and the skin 
assumes a light, yellowish -green hue, as it does 
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Tailless Amphibians. These include frogs 
and toads, which arc the most successful 
members of the class, and are to be found 
in almost all parts of 
the world. On ex- 
amining a common 
frog (Rana tempo- 
raria), we at once 
notice the short, tail- 
less body, and the dis- 
proportionately long 
hind limbs, character- 
istics associated with 
the leaping habit. 

These points are even 
more obvious in the 
skeleton, which should 
be compared with 
that of the giant 
salamander, a tailed 
form. 

The frog is also an 
expert swimmer, and 
the hind feet are webbed. , They execute move- 
ments closely resembling those employed by 
human beings for the same purpose, but the fore 
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among grass^ This state of things is reversed 
when the colour- bodies enlarge, as happens when 
frogs lurk among dark surroundings. 

The insects which 
make up a large part 
of the food arc cap- 
tured by means of the 
long, sticky tongue, 
as in chameleons ; but 
here the mechanism 
is somewhat different. 
The tongue is attached 
to tho front of the 
floor of the mouth, 
and, in a state of rest, 
its forked tip points 
ba^wards down the 
throat. When brought 
into action the free 
part of this organ 
sweeps upwards and 
forwards out of the 
mouth, its end brush- 
. ing past the roof of tho mouth cavity, taking 
up some of the sticky^ fluid discharged by 
a group of small glands. The prey secured, 
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the extraordinary tongue is rapidly drawn black 
to its former position. 

Frogs and all tailless amphibians breathe 
entirely by the lungs and skin, the gills and 
gill-slits of the tadpole being entirely lost 
in the adult. The life-history of the frog pre- 
sents us with the best practical illustration of 
evolution. The limbless little tadpole which 
hatches out from the egg possesses a large 
swimming tail, and breathes by three pairs of 
plume-like gills, much like those of an axolotl. 
Later on these are replaced by the so-called 
“ internal gills, va8(?ular folds on gill-slits which 
place the cavity of the throat in communication 
with the exterior. A fold now grows back over 
the external gills (which are shrivelling) and the 
gill-slits, its edge fusing with the wall of the body, 
except at one place on the left aide, where a small 
round hole (“spiracle”) is left for the exit of 
water which has entered the mouth, traversed 
the gill-slits, and bathed the gills for the purpose 
of breathing. Meanwhile, the lungs arc growing 
out as pouches from the under side of the 
back of the mouth floor, and begin to share the 
work of respiration, gradually supplanting the 
gills, which ultimately disappear, while the 

gill-slits close. , 

These alterations * 

• involve profound 
changes in the ' 
heart and blood- 
vessels. To begin 
with, the heart is 
essentially like 

consisting of two 

principal chain- . .v-* ^ 

bers— an anrich, ^ two-leoged salamandei 

which receives 

the impure blood of the body, and a muscular 
vtniricXty which pumps it to the gills for purifi- 
cation. After this it is distributed to the body 
at large. 

The Lungs and the Heart. As the lungs 
begin to act they pour pure blood into the 
auricle, which becomes divided into two by a 
partition, the left moiety (left auricle) receiving 
the pure blood in question, and the right (right 
auricle) acting as a receptacle for impure blood. 
As the ventricle remains undivided, the two 
kinds of blood it receives from the auricles 
to some extent mix in its cavity, but, owing to 
its spongy wall and several other structural 
features, the mixing is only partial. The result 
is that, in the adult animal, impure blood is 
pumped to the lungs and skin, pure blood to the 
head, and mixed blood to the rest of the body. 

From amphibia upwards to reptiles, birds, and 
mammals, evolution has brought about a 
gradual perfecting of the arrangements for keep- 
ing pure and impure blood separate. But only 
in birds and mammals is this end completely 
attained, and the whole of the body supplied 
by perfectly pure blood. Hence the success of 
tEese two classes of backboned animals. 

^Qthw striking changes mark the. conversion 
of a tsdpole into, a frog, and of these the most 
obvious are the gradual absorption of the tail 


A TWO-LEOGED SALAMANDER — THE MUD EEL, OK SIREN 


and the growth of fore and hind limbs. 
While the young tadpole is a vegetarian,^ the 
adult frog is highly carnivorous, and the long, 
spirally coiled intestine of the former is in 
marked contrast with the relatively short, 
convoluted intestine of the latter. 

Paternal Care of the Young. Our native 
frogs and toads do not trouble themselves about 
the well-being of their eggs and young, but this 
is far from being the case in all members of the 
order. The male of the midwife toad (Alytes). 
native to parts of Europe, carries the egg-strings 
round his legs until they hatch out, and takes 
the greatest care lest they should dry up. Much 
more remarkable arc the arrangements in a 
South American species, in which the male 
possesses a pair of membranous croaking sacs, 
which primarily servo as resonators to increase 
the musical effect of the voice, under the skin of 
the under surface. Into these pouches the just- 
laid eggs arc introduced, and the entire develop- 
ment there takes place, the young remaining in 
this curious paternal nursery until they have 
assumed the adult form. 

Considerable maternal solicitude is shown by 
some members of the order. In the Surinam 

toad (/^/pn), for 
instance, the 
eggs are placed 
I on the rough 

I ! skin of the back, 
J within cavities 

i which they 

pass through 

j V e 1 0 p- 

^ t changes. 

' In^ other cases 

-THE MUD EEL, OR SIREN (^OtoiretUO.) 

there is a pouch 
ill the skin of this region which answers 
the same imrpose. Many tree-frog mothers 
construct nests in which to deposit their eggs, 
the most remarkable case being that of tlu' 
South American ferreiro (Hyla Jaber). Here tlu* 
female builds a circular mud w^all in the shallow' 
part of a pond, within which the eggs are laid. 
A considerable part of the life-history is passed 
in this neat and comparatively safe nursery.” 
The suecess of many tailless amphibians in the 
struggle for existence is partly duo to their 
possessing strong parental instincts, which give 
their offsprings a better chance of survival. 

The Struggle for Existence. In a certain 
sense it may be said that amphibians occupy the 
same sort of place in the animal world that ferns 
and the like do among plants. For in both cases 
there is more or less dependence upon moist 
conditions during part of th^' life- history, a sort 
of memento of the purely aquatic life led by 
remote ancestors. This is somewhat of a handi- 
cap in the struggle for existence. An amphibian 
is obliged, so to speak, to “ fight on a double 
front.” The tadpole competes with aquatic 
forms, the adult with terrestrial ones, or both. 
Thei*e is some compensation for the latter, 
however, as it is often able to use the water as a 
place of refuge. 

J. R. .^i.INSWORTH-DAVIS 
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• The. Secondary Cell. The Plante and Faure Types. 

Modern Cells. Capacity, Care, and Uses of Accumulators. 

ELECTRIC ACCUMULATORS 

F ob many years it was held to be a distinct 
drawback that it was not possible to store 
electric energy on any scale coiiini(»n.surate with 
that of the storage of gas. In some senses this 
is true today, but the advances which have been 
made during the pest few years in the perfecting 
and application on the largo scale of elect rie 
aCq>imulator» has to a gn‘at extent removed 
ibis reproach. 'For instance', 236 shows a bat- 
t(‘ry in use at Wolverhampton, consisting of 
2.10 cells, which has an output of 2310 amperes 
for three hours, and of nearly .^000 amperes 
for one hour, and it will for short periods give 
out as much as DOOO am])eres. At Manchester 
there is a battery of 210 cells which, on a oru'- 
liour discharge rate', give's 8400 ampere's, and 
for short pe'riods 1.5,000 amperes. 

The .Secondary Cell. These results 
have', howe'ver, been obtained from very small 
be^ginnings, and to the majeirily of present-day 
(deetrical enginet*rs the mem ion of se'condary 
batteries is associated 
with small glass cells, 
and generally unsatis« 
factory results. 

• A secovdartf cell means 
one which is not in it- 
self capable of generat- 
ing a curremt, bur only 
acts us a cell afteT a 
current has be'eui usoel 
to charge it. The cur- 
rent thus supplied to it 
produces chemical 
changes in it, and puts 
('lectrical ent'rgy into it 
in producing these 
c h c ni i c a 1 changes. 

Under reversed condi- 
tions the cell will give 
a useful dischargi^ of 
eurient, thus nKlelivcr- 
ing the greater ])art of 
the eleetric^al energy 
winch it has received. 

Such a battery is cap- 
able of acting as an 
accumvlafor^ though 
what it accumulates is 
energy, not electricity! 

Tho ordinary aceu- 
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229. DTAGKAM OF AN EDISON ACCUMULATOR 


mnlatot coll in general use is a lead-acid cell 
— that is, it consists of two load electrodes 
immersed in dilute sulphuric acid. To charge 
it we pass through it an electric current 
from a dynamo, when the positive plate 
becomes covered with a layer of dark brown 
[)eroxide of lead, and tho negative plate £)rosents 


a surface of clean, spongy lead. After being 
thus eharged, the cell is ready in turn to act 
as a source of curn'Ut, giving out its stored 
ent'i'gy. The sjiongy h'ad jdatc now is aetc'd 
upon elu'micaUy, like tho zinc in a primary cell, 
wliile the p(*roxide on the otiter ])late, which is 
tho kathode, acts as an exc(41f‘nt depolariser. 
Then^ are other kinds of accumuIatoi*s using 
other combinations, sucli as the nickc'l-iron 
alkaline cell. 

Plante’s Cell. The original disi'overy 
of the lead secondary e(‘ll was made by Planti?! 
in 18(W), but in those days it took so long to 
“form" the plates by repeated charging and 
diseharging that the aecaimulator was a cinaosity, 
and litt le more. In recent years, howevc'r, there 
lias been a partial, if not complete', return to 
PlaiitY^'s [irincipk', and some of thi* best makers 
work on his lines. 

Faure’s Cell. In 1881 F aure modi He'd 
tlie Plante* proesf'ss by giving tlie two lead plates 
a preliminary coating ejf 
reel leael. This was 
founel to iricrenise the' 
cle>e*lrical activity of thei 
cell, but rendeM’cd it 
incchanierally weakc*i\ 

A form e.)f plate wiis 
se)on ('volvc'el in which 
tlui eU'Ctroeles e'e^nsisted 
of leael grids, in the inli'r • 
stie'cs of which the actives 
material is placed. This 
type of plate has gone 
through many modifica- 
tions, aiul is use'd today 
by some of the^ largest 
manufactiire»rs. It is nenv 
usual to mix a small 
amount e)f antimony 
with the le'ael eif the^ 
grid te) make it harder. 
The active material is a 
])asie consisting of lith- 
arge mixed with elilute 
sulphuric acid. 

Modern Cells. The 
cells we deweiribe as 
ty ideal of modern prae?- 
tico are*, however, made 
in a eliffeTeni way. The 
positive plate [230] consists of a lead-antimony 
grid with a number of holes. Into these holes 
arc pressed rosettes made of pure lead tape, 
coiled together and then prcsse.'d into the holes, 
the wholes hedng finally conipre'ssed hydraulically 
to <'nsure each hole being filled with the lead 
rosette. The negative plate [232] is made in two 
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haJvea, riveted together aftfer the insertion 
between them of the actiiTe material, which is. 
thus held "in posit ipiu / ' 

Another form of positive plate which is used 
in some of £he‘ largest ct^lls is shown in 284. 
Here the plate is oast of pure lead with corru- 
gations ^ shown, and no paste is used, the 
plate being formed by repeated charges and 
discharges, which corrode the surface into per- 
oxide, as in the original Plants method; The 
Chloride Company, who manufacture the types of 
plates [230*232], use specially treated wooden 
separators, of the form shown in 231, between 
the plates. This has entirely suj)crse<lcd in their 
practice the glass rods and ebonite forks which 
were formerly the general nile. 

Capacity of Lead Accumulators. 
The ability of a cell to serve for a greater or 
lesser amount of storage is tcTined its cavneUy: 
I'he capacity of a cell is expressed in ampere- 
hours. Thus a cell which can give out a current 
of 100 amperes for eight hours would be said 
to have a capacity of 800 ampere-hours. But 
t o comprehend 
the significance 
of this mode of 
(expression it is 
necessary to 
know something 
of the voltage 
changes which 
take place during 
charge and dis- 
charge of the coll. 

When a cell has 
been fully dis- 
charged the volt- 
age is about 1 *8.5 
volts. As soon 
as a charging 
current is applied 
its voltage ristjs 
to a little over 
2 volts [237], and 
gradually goes up 
(luring charging 
until, when the 
cell is fully 
charged, it is 
about 2*5 volts. 

When this volt- 
age is reached, 
bubbles of gas 
are given off from 
the plates, or, in 
popular terms, 
the cells begin 
“to gas,“ and 
any further current passed into the cells 
simply decomposes the electrolyte, and is wasted. 
If, now, the cell is discharged as shown on the 
diagram [237], the voltage immediately falls to 
about 2 volts, where it remains until towards 
the end of the discharge, when it falls to ]«85. 

Efficiency of the Cell. The eflUoiency 
cl the oell — ^that is, the ratio of the electrical 
energy put in to the electrical energy given 
out-~4ep^ds upon the rate of charge and 


discharge, being highest when the operations are 
carried out slowly. . Commercially, a definite 
time. is taken* aM xhe.capaicity of a cell is stated 
in the 'number of ampere-hours it will give on 
a' 3, 6, or 8^^ hour discharge. A safe rule as to 
the current one may take from a cell is not to 
exceed 7 to 7^ amperes per square foot of 
positive or negative plate surface. 

The effect which varying the rate of discharge 
will have upon the efficiency and capacity of a 
cell is shown in the following table. 


Hourst 
taken for 
cell to 
disehar«o 

Current 
rate of 
discharge in 
ainpercR 

raleiilat-cd 
capacity at 
this rate in 
ainpere- 
houra 

Efficiency 

10 

10 

JOO 


i> 

10-8 

07-.') 

92-8 ■ 

8 

n-8 


90 

7 

i:i'2 

02r> 

88 

0 

14-7 

88- j 

84-3 > ' 

r» 

17 

85 

80-$) 


20-4 

SI •.5 

' 77-6 


2.Vfl 

77 

73-3 



'■i M 




230. POSITIVE PLATK 231. SEPARATOR 




NEOATIVB PLATE 



(■ 


233. 


Care of Ac« 
c u m u 1 a tors. 

When fully 
charged, the posi- 
fivo plate of a 
lead accumulator 
consists largely 
of lead peroxide, 
which is of a rich 
plum colour, 
while the nega- 
t i V 0 p la t e of 
spongy le a d is 
dull metallic grey. 
When discharged, 
both plates ere 
largely ordinary 
sulphate of lead, 
which is whitish - 
grey. The colour 
of the plate is 
therefore a rough 
guide to the con- 
dition of the cell. 

A more accu- 
rate test, how- 
ever, is to take 
the terminal volt- 
age of the cell. 
If below 1*9 volts, 
it is nearly dis- 
charged. The 
best way is to 
keep pericxlical 
records of the 
specifio gravity of the acid. This increases os the 
cells are charged, and should be about 1*21 when 
the cells are fully charged and 1*176 when they 
are completely discharge. Intermediate readings 

g ive an indication of the state of the cells. The 
irections sent out with the pells by the makers 
should be most carefully followed ; and if the 
battery is a large one it may be well to enter 
into a maintenance agreement with the makers, 
who are always ready to contract to keep them 
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in order for a term of years, ft is very impor- 
tant that batteries of accumnlators should bo 
placed in separate well-ventilated rooms, in which 
metal fittings should, as far as possible, be 
avoided, lest active corrosion occur owing to the 
acid fumes given oil from the cells. 

Uses of Accumulators. An accouni of 
the uses of batteries of accumulators in large 
central stations in conjunction with boosters is 
given in page 2204, where it is shown that their 



AND CHARGE 

employment enables largo savings in fuel to be 
made. Small, accumulators are also now largely 
used in portable form in motor-cars and motor- 
boats for ignition purposes, and in cable-testing 
and telephone work. They are also finding 
favour for driving electric vehicles. 

The Alkaline Accumulator. This type 
of cell, better known as the Edison accumulator, 


has reached its present form through many 
tribulations. The illustrations [229 and 236] 
show liow the latest types of this cell are made. 
The electrodes are nickel and iron oxide, im- 
mersed in a solution of potassium hydrate; the 
cell voltage measured on a 6-hour discharge 
rate is 1*20 volts, the ampere-hour efficiency 
under these conditions being about 70 per cent., 
and the watt -hour efticiency about 00 per cent. 
'J’lie posit ive electroties [238 and 238J consist of 
a number of steel tubes which are tilled with 
alternate layers of nickel hydrate and powdered 
metallic nickel. The tube is made of a spiral 
of steel tape, strengthened by the small steel 
bands shown. A number of these fixed in a 
nickel steel frame form the positive plate. 

238. POSITIVE OR NICKEL TUBE OF EDISON 
ACCUMULATOR 

The negative plate [235] consists of finely 
powdered iron oxide mixed with a small quantity 
of mercury packed into pockets made of finely 
perforated thin nickel steel. These are after- 
wards placed, as shown, in a light steel can and 
subjected to heavy pressure. The electrodes 
are placed in a wielded steel case, which is then 
filled with the potassium hydrate solution. 
These colls are much lighter for a given output 
than a lead cell, and, as experience is proving 
thorn to be capable of w ithstanding rough usage, 
they are coming into considerable favour for 
electric vehicle work. 

SILVANUS V, THOMPSON 
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Putting on the Strings. The Octaves. Tuning. Correct Attitude 
of Player. Finger Preparation. Right and Left Hond Practice. 

THE HARP 


W HEN the beauty of outline and charm of 
tone of the harp are considered, it may 
seem strange that this instrument is nowadays 
seldom heard in the home ; but let the student 
who has bought a harp attempt to master it 
without the assistance of a tutor and he will 
speedily discover why it was superseded by the 
pianoforte. A child can go to a keyboard 
and elicit sounds which are in accord with each 
other ; but with the harj), the player has to 
tune, and continually to keep in tunc, upwards 
of forty strings. On the first occasion he will 
probably havii to replace stivcral which are 
broken. It is therefore necessary that the 
student should appreciate the difficulties which lie 
in wait for him, and endeavour to overcome them 
by carefully following the instructions given. 

Stringing the Harp. It is false economy 
to get cheap harp strings ; only those of the 
best manufacture should be used. Their tone 
is of bettor quality, and, being more evenly 
graded in size, they last longer, 'riie thickest 
and longest strings arc those nearest the pillar, 
giving the deepest tone ; then they diminish 
in length and thickness till thci high treble notes 
are reached. Use a gauge to ensure that each 
size is correct. This can be obtained wherever 
the strings are purchased. 

The first thing to note is that all the C strings 
are red in colour. All the F’s throughout the 
scale are of dark blue. The other strings are 
white. This enables the correct notes to bo 
identified rapidly in playing. Beginning at the 
pillar we have the bass octave, which consists 
of wire-covered strings. Those of good quality 
cost about 2s. each. In a full-sized Gothic 
concert harp the strings nearest the pillar are 
C (red) and D. The old-fashioned single-action 
haq) has a shorter compass of six octaves, from 
E to E. In that case the longest string would be 
E, and the next one to it F (blue). 

How to Put On a String. After 
unrolling a wire string, see that it is ovei’spun 
equally. Pass one end of it through the cyo: 
hole in the first “ wrest-pin” of the neck of the 
instrument, and tie a knot securely at that end. 
Take out the corresponding wooclen peg in the 
sound- board, and pass this end of the string 
through the aperture. Replace the peg so as to 
hold it tight, and bring the upper part of the 
string between the studs of the levers. Adjust 
the tuning hammer, or harp key, on to the wrest- 
pin. Wind the latter round to the right till the 
string becomes taut. If restringing throughout, 
do not draw up any one string to its proper pitch 
until the others have been put on and made 
fairly tight. When the instrument is up to pitch, 
tjio tension on the entire frame is very great. 


It is not advisable, therefore, to impose a sudden 
strain on any one part of the heck. The stress 
should be increasea gradually and equally. 

The Fifth Octave. Having strung the 
bottom C (red), D, E, F (blue), G, A, B, C (red), 
D and E, and left them slack, the fifth octave 
receives attention. The material here is of gut. 
Later, when ordering strings the student will 
be able to indicate the exact gauge best suited to 
his hand. If the string is insufficiently stout, 
it will jar unpleasantly when played. It must 
not be too thick or the touch will be difficult. 
Ladies, as a rule, prtdcr thinner strings than men, 
who are able to get a richer tone from a material 
furnishing more resistan(;e. After unrolling a 
gut string, hold it to the light, and see that the 
texture is clear and that it is not lumpy. If 
ileciked or perished, it is useless to put it on. 
In this octave the lowest string is F (blue). 
Then come three white strings (G, A, and B), C 
(red), D, and E. For the fifth octave the best 
quality of string costs Is. each. 

In the fourth octave there are seven gut 
strings of smaller gauge than in the preceding 
H(*t. Of best quality, they cost lOd. each. 
As before, the lowest string is blue; this 
is followed by three white, one nd, and two 
white. For the third octave another set of 
w^ven, still smaller in gauge, must be adjusted. 
If superfine, th<‘sc cost 8d. each. 

Continuing higher up on a full-sized harp, there 
are two more sets to adjust — those of the second 
and first octave, the latter being the shortest 
and of the srfiallest gauge. The respective cost 
of these is fid. and 4d. each. Thus, a complete 
sot of five octaves of gut strings, if bought 
s(;parately, comes to 23s. If purchased together, 
Iheymaybehad for £1. According to the size 
of the harp, a complete set of wire bass strings 
costa either Ifis. or £1. 

Measurement of Octaves. In a musical 
sense octaves are reckoned not from the blue, 
but from the rod strings — ^from C to B in- 
clusive — although the gauges are calculated 
from F upwards to E inclusive. If, instead 
of strings we had pipes — as in the church organ — 
to obtain the sound of the bottom C in the 
double-action harp 16 ft. of tubing would be 
necessary. As the harp is h9t 16 ft. high, what 
the string lacks in length is made up in weight. 
That is the object of having the core of gut 
overspun with wire. In the same way the C 
above the lowest B should be 8 ft. in len^h, 
or half the length of its octave below. But 
still there is ho room in the harp for this, so the 
C, D, and £ continue to be overspun. The blue 
F string of very stout gut is the thickest without 
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motal covering. Above, the next red string 
represents the 4-ft. pipe in an organ. This 
4-it.*octave is also called the little octave^ because 
in print the notes are designated by letters of 
small type, whereas to represent the greM octave 
below they are typed in capitals. The octavo 
C above the “ little ” represents the 2-ft. pipe 
in an organ. It is also known as the “ one 
stroke ” octave, because this section of the 
compass is represented by a single stroke, or 
accent, after each letter. Proceeding to the 
three red strings above, wo have respectively 
the 1-ft., (bin., and .‘bin. pipes of an organ, 
these being denoted in print by two, throe, 
or four strokes after the letters. Therefore, the 
vibrating lengths of the t<^)p strings of the harp 
are very short. If it worc^ not for the sympathet ic 
vibrations given out by the longest strings below, 
these high strings would be scarcely audible. 
Through the sounding-board, however, their 
tone is amplified by their longer neighbours, and 
if the treble strings are good, they have a beauti- 
ful silvery t'fiect. 

Tuning. Before the beginner succeeds in 
tuning the harp with facility it will take (consider- 
able practice. His best j)lan at first is to have 
recourse to the keyboard of a piano or harmonium. 
It may bo somewhat bewildering to the (ye 
to find that there are seven fiats in the signature 
of the natural key of I ho double-action harp, 
because it is tuned in Test the piano by a 
tuning fork. If it is fairly uj) to pitch, tune the 
red string in the cenl re of t he harp representing 
the 1-ft. octave, or the note C (third space, 
treble clef) to the Bft on the piano, for BJ is 
synonym(3us Avith (^ 7 . But the scale of 07 
has seven fiats, whereas the seak^ of B has 
only five sharps, so it is easier for the beginner 
to think of the latter ratluu’ than the former. 
Therefore, for the moment, forget all about th(' 
(.)7, and tune the third red string below to the 
octave B or tlu^ note under the first ledger line. 
Then get a fifth above the bottom not-e, FJI, 
on the first white string over the blue. Try tho^e 
three not(is together — B, FJ, and P» on the 
piano. 

Sound the first red string again, and tune the 
blue siring a fifth below it to the K (first line, 
treble clef) on the piano. Prove together the 
throe notes — two red and one blue — represented 
on the piano by B, E, and B. Next tak(? the 
two white strings above the blue and the red. 
Tune them respectively in fifths to Ffi and 
on .ihe piano, although on the harp these, are 
really G and I) strings. Having done this, tune 
the octave Ixdow the T) to Of on the piano. 
Prove the three white strings, D, G, D, by the Ojf 
Fjf, and Cif on the keyboard. Taking the 
lowest string^ get the A above it (second white 
this side of the blue), and tune it to G ^ on the 
piano. Prove the three, D, A, D, by ' the 
G$, and on the piano. Taking the middle 
string of these, tune the E string a fifth above 
it to the D|t (with the G Jf) on the piano. From 
this last E string tune the octave E string below, 
to the on the piano. Prove this with the 
middle A wing, or G^ on the keyboard. From 
the lowest of these three strings tune the white 


B string — ^next bclpw the pitch C (rod) — a fifth 
together to the notes DS and Aji on the piano, 
proving with the octavo string above. By this 
‘means the scale betwe(in the 2-ft. and 1-ft. C’s 
on the harp has been laid, and all tlui strings, 
from the red C up to the soccaikI E above, have 
been drawn up t,o their proper pitch. I’hus, the 
first greatest strain has been plac(‘d on tluj 
•centre of the nock of the instrunumt, which, like 
the keystone of an arch, is that part b(‘st able to 
bear it. 

Octaves. Having laid the scal(‘, tunc ihe 
strings above and below in ascending and 
descending oc'taves. Bogin with th(» middle! blue 
string (F on tlu' harp). 1kine the corresponding 
blue string above it to agnu^ Avith ihe note E 
(first line*, treble cl(‘f, and E on fourth space 
above) on tlu* piano. Tum^ the three Avhite 
.strings next above ivspt'ctively to the FjT, (!>, 
and A3 on the piano. The n^d strings (P’s on 
the harp) will them be ivaehod. Tune thesi' 
to th(» (Xitavo B’s on the ])iano. Pontinne the 
operation, checking each string by the })iano notes 
until all the top strings have Ixsm lumul. Then 
take tlu' loAVcr notes. Bt’gin with the first Avhite 
string Ix'low the rod. Time this to on the 
piano. Avith its octavo below. Follow on with the 
next white string, tuning it to (i^. The bass 
elef on tlu* harpAisiially lx‘gins withTlie lirst blue 
string below pitch Tune this blue string 
(F on the harp) to the E on the piano (second 
lcdg(‘r-line above the slalT)and the E below (third 
.s|)a(‘e, lass (‘lef). Follow with the two Avliite 
strings (timed to J)^ and P3), ihe two red 
strings (tuned to B on the piano), and so on doAvii 
th(‘ .scale. 

As soon as th(^ beginner gets accustomed to, 
and rertu'iubers, tlu^ Am’ious sounds r(‘(piir(^d. 
h(* Avill be able to dispense with the aid of the 
keyboard. Preat harp-players have their 
(lilterent methods of tuning. The late Mr. 
()l)erthur was of opinion that “ to time well and 
correctly cannot he learnt by rules, as this 
depends principally upon a (*orroct and musical 
ear.” Yet that master taught many p\ip'*s how 
to tune their instniment-s by showing them rather 
than telling tluun the way. When dealing with 
so subtle and elusive a force as musical sound, 
it is easier to convince by dem(mstration than to 
explain by Avord alone. Briefiy, however, it may 
be said that, when desirous of making a brilliant 
effect, .some harpists have a knack of timing the 
strings as they ascend a shade .sharp ; and, in 
order to get greater depth and fuln(»ss of tone 
towards the bass, the long strings are intention- 
ally left a trifle flat in the extreme octave. This, 
the purist may argue, is not correct tuning. 
Nevertheless, it is more than ju.stified when it 
improves an otherwise dull instrument. 

Position of the Player. Adjust the 
music-stool in height so as to bring the chin of 
the performer level with the neck of the harp 
when the instrument is drawn back, and tum 
out the feet to give them easy access to any of 
the pedals. Draw the harp towards the right 
shoulclcr, and let it rest against the right knee. 

Generally speaking, those notes written in the 
treble clef are played by the right hand, and 
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those in the bass clef by the left hand. The 
little finger is not used in harp playing. Place 
the thumb, first, second, and third nngers of the 
right hand respectively on the F (blue string, 
first space), E (first line), D, and C (red). Keep 
the thumb erect, and bend the other hiigers 
gracefully towards the palm of the hand, ^e 
knuckles must be kept up. Curve the joints, and 
avoid bringing the palm towards the player ; it 
is the back of the hand, rather, which should face 
him. Do not rest the wrist on the soundboard, 
but when playing in the middle octave keep it 
elevated. In ascending to the shorter strings, 
however, this wrist support is allowable. Freedom 
of finger action must be aimed at, and the carriage 
of the hand should be light in quickly ascending 
ari^eggios or scales. Too much attention cannot 
he }mid to getting the correct position of the 
hand. This is not easy at first, owing to the way 
in which, except in the bass, the fingers must be 
compressed. The idea is not to pick at the strings 
with the nails, but to strike with the fleshy tips. 

Right Hand Exercise. With the third 
finger of the right hand strike the middle C 
(fourth red string from the player’s body). Bend 
the finger elastically. Do not move the wrist or 
arm ; the motion should only affect the finger- 
joint. In the same manner strike the D (above 
the red C) with the second finger, the E with the 
first finger. Then proceed to the blue string F. 
To sound this with the thumb in an upright 
position, bend the digit slightly at the thumb- 
joint. Avoid motion of the wiist or arm. Re- 
member, whenever a string has been struck, that 
the thumb must return at once to its perpendicular 
attitude. Repeat this exercise (with the third, 
second, first finger and thumb) slowly. Try to 
get tlie sounds equal in clearness, softly at first. 
When the hand gets accustomed to the strings, 
use more and more force, and increase the speed. 

Adjusting the fingers in iulvancc is an im- 
portant matter in harp playing ; it pnjvent*? 
unnecessary motions of the hand. The student 
must cultivate the habit of placing the fingers, 
before they are ncK'ded, softly on the string 
or strings about to be struck. Therefore, before 
sounding the blue string with the thumb, prepare 
the third finger on C, the red string below, so 
that the exercise may continue equally. In 
like manner, before the C is struck, get the 
second finger into position for sounding D. 

Although the notation on papt^r in an ascending 
scale goes from left to right, and has to be played 
on the harp from right to left, towards the 
player, the beginner w^ill soon accustom him- 
self to correct transposition of the nece.ssary 
movements. 

Left Hand Exercise. The harp player 
has several advantages over the pianist. If the 
hands are spread out before one, it will be 
observed that the right thumb points to the left 
and the left thumb to the right. This means that, 
in a parallel passage on the keyboard for both 


hands, while one hand begins with the thumb, 
the other begins with the little finger, and so on, 
numerically reversing the order of each digit. 
Now, place the palms of the hand together 
towards each other, as in the attitude of prayer, 
instead of placing them away from each other. 
The left hand is thus the exact counterpart of 
the right. 

Fingering. On the harp, therefore, the 
fingering of the two hands in parallel passages, 
ascending or descending, is uniform, instead of 
being dissimilar, as on the piano. Repeat, there- 
fore, with identical manipulation, but an octave 
low’er, the exercise for the right hand just given. 
Place the third, second, and first fingers and 
thumb of the left hand respectively on the red 
string below that struck by the third finger of 
the right hand, and the B, E, and F above. Bo 
careful to place the fingers in the middle of the 
length of the strings. Keep the thumb up. As 
before, the motions should be from the fingers. 
Avoid moving the wTist or arm. This will bo 
more difficult to do at first with the left hand. 
Absc^nce of support from the body of the in- 
strument, whi(*,h the right arm has, makes the 
task seem almost impossible at first, but steady 
detc'rrnination to do the right thing will pre- 
sently cause the hand to obey the washes of the 
mind. At first, softly and slowly, strike the four 
notes in succession from the C to the F, increasing 
the speed and strength gradually. Do not con- 
tinue the exercise when fatigued ; rest for a 
wdiile, and begin again later. When this study 
can be played clearly by each hand separately, 
try it with both together. Considering that the 
fingers of the hand each possess a different 
strength, the tendency is for their movements 
to lack steadiness. This uncertainty the beginner 
must strive to overcome. In the absence of a 
master, the best way to do this is to practise 
w'ith a metronome, and make each sound with 
absolute regularity, increasing the speed of the 
exercise gradually. 

Inverting the Order. Now reverse 
the progression of the notes. After ascending 
from (’ to F as before, descend to the C. Be 
careful to anticipate each sound by placing th(^ 
finger needed for the next string upon the latter 
before its time comes to strike. Do not be in a 
hurry ; speed will come later. Try the same 
exercise with the left hand, keeping the elbow 
wel 1 up. Bad habits, which are easily contracted, 
usually arise from over enthusiasm when be- 
ginning to learn, and continuing practice when 
tired. The result is rigidity instead of elasti- 
city of movement. The one thing in harp 
playing which the student must resolve to 
avoid is stiffness as opposed to gracefulness. 

This is a difficult fault tcTtemedy, so let the 
student, in following the beaten track alone, 
beware of the ruts ; and, however easy progress 
may seem, avoid practising for too long a 
time at first. ALGERNON ROSE 
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Processes in the Manufacture of Oilcloth and 
Printing Floorcloth and Linoleum. Seasoning. 


FLOORCLOTH AND LINOLEUM 


pLOORCLOTH and linoleum take the place of 
* purely textile products, and they have a textile 
basis in their jute canvas backing. Thc^ work of 
converting plain rough canvas into a smootii and 
durable covering for floors, however, involves 
a set of operations entirely difT(‘r(Uit from that of 
converting fibre into cloth or from the ordinary 
course of cloth finishing. In manufacturing 
either of these commodities, advantage is taken 
of a peculiar property, possessed by certain oils 
and not possessed by others, of extracting 
oxygen from the air and of drying to a resinous 
state. Linseed oil, prepared from the seeds of 
the flax plant, is one of the best drying oils, and 
linoleum^ the name coined some fifty years ago 
by the inventor of this improved form of oilcloth 
or floorcloth, was made by telescoping into one 
the Latin words for flax and oil. 

The Making of Oilcloth. Haw linseed oil 
has moderate drying ])roperties, and boiled 
linseed oil, made by boiling the oil in conjunction 
with a little Utlmrge (monoxide of lead) and red 
lead, possesses the power in a remarkable degree. 
This capacity for drying is not lost when a pig- 
ment is added and the boiled oil is made into 
what is virtually a ])aint. In making oilcloth 
the canvas is coatiul back and front with such a 
paint. In the first place the jut<‘ is treated 
carefully with animal aize. to protect it from 
the acids formed by the drying of the oil, which 
acids would otherwise speedily destroy its 
strength. The sizing may b(i done by hand, as 
in the manufacture of the best oilcloths, and be 
laid on by a brush. In that case the canvas to 
be treated is nailed to an upright frame under a 
sufficient but not extiessive tension ; and imper- 
fections in the surface are removed and loose 
fibre on the face of the cloth is rubbed down with 
blocks of pumice. 

Painting. When the size has dried, the canvas 
receives its first coat of thick paint made by 
mixing together boiled oil and a mineral colour, 
usually the rod oxide of iron. The paint is laid 
on with trowels like those used in plastering, 
and with the same tools the excess is scraped 
away. The first coat is left to -dry and a second 
coat is given at the back. The first layer on the 
side of the cloth that is to form the face is 
smoothed, when dry, with pumice, and two, three, 
or more coats are added upon the face, the 
number of applications dbpending upon the 
quality of the goods. The last coat is applied 
with a brush for the sake of the greater smooth- 
ness of surface, and, when this has dried, the can- 
vas is cut from the frame and sent to the printing- 
room to receive its coloured pattern. Great 
importance attaches to the manner in which 
the cloth is aeasonedt and, if it is to wear well and 


not to exhibit shrinkage and expansion in use, il 
must be hung for a sufficient time, after printing, 
in a warmed and airy room. 

Most of the oilcloth made is not hand- 
coaled, but tr(*ated more quickly in machines 
fitted with troughs to contain the colour, and 
rollers for ap])lying it, with a rotary brush for 
laying on the finishing coat. 

Linoleum Manufacture. One of the first 
attempts to produce a thicker, warmer, and more 
resilient covering than oilcloth result'd in the 
manufaeture of hamptulicotu in which masticated 
rubber took the place of the oil now used in 
making linoleum. This is not the only textile 
direction in which linseed oil and its concomi- 
tants have replaced rubber, for something of the 
same kind has ha])pened in making cheap 
mackintoshes. In linoleum the oil is used to 
form a cement which shall hold together particles 
of cork. This cuko of oil and cork is laid upon 
the canvas, aqd forms the surface upon which 
th(‘ printing of any i>atlern is done. 

The cork used is chiefly tin; waste from the 
factories in wdfich bottle corks are cut, and its 
r(‘du(;tion to a suitable size is done at tw'o opera- 
tions. Afler the cuttings have been sifted to 
remove foreign matter, they pass(*d into a 
machine fitted with si'rrated steel discs for 
breaking the cork into pii‘ces tlu^ sizt‘ of peas. 
Tlu? broken cork is then ground between flat 
millstones to as line a powder as is required, 
and is dried in ovens to expel all moisture. 

Mixing the Cork and Oil. The oil with 
which the cork is to be mixed is boiled, and at the 
same lime aerated, and in the stringy consistency 
of birdlime it is reheated with the addition of 
rosin and of kauri gum. This mixture is run 
into pans, wdiere it cools in the form of Hat cakes. 
Cement is the name given to the compound, 
which is made ready for use by being cut into 
portions and heati'd. Tlu‘ cement is fed through 
steam-heated rollers, of which there are two 
revolving in om^ plane, with a third beneath 
them both. As the warmed cement comes 
beneath the upper rollers, it receives a supply of 
cork dust from a hopper lixed above the junction 
of the uppc*r ])air, and the cake j)asses out of 
this, the first mixing-machine, in a flat strip with 
a cork surface. The strip is led into a second 
mixing- machine fitted with a drum, inside which 
are beater arms to intermix the material with a 
measured quantity of colouring matter needed 
to give the mixture the reejuired brown or rod 
shade. From this dnmi the mixture is emptied 
into a third machine, in which the mass can 
bo heated by steam to soften its consistency. 

The mixture is minced by chisel-edged knives 
into a uniform dough, and passed into a fourth 
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mixer, where it is kneaded by knives and passed 
out through a pair of rollers, one of which is 
heated by steam and the other cooled by an 
inward circulation of water. The dough adheres 
to the cold roller, and is scraped away from it in 
a continuous thin sheet by a stationary knife. 
The sheet enters a fourth machine, also supplied 
with hot and 
cold rollers, and 
is scraped from 
the latter by 
nail teeth set on 
the surface of a 
cylinder. Thus 
the mixture is 
reduced to a 
granular state, 
and in this form 
it vs pressed upon 
the surface of the 
canvas. 

The canvas, 
rolled in a con- 
tinuous length 
of one hundred 
yards or so, is led 
between a series 
of squeezing 
rollers, two of 
which are heated 
and the others 
continually cooled. 



A BATTER V OF CORK GRINDING MACHINES 


The ground-up cork and 
cement is fed to the canvas upon a wire 
lattice which travels through a steam chest 
and delivers the mixture in a plastic state. 
The coating is jDressed firmly into the inter- 
stices of fabric, and it remains only to give 
the back a protective layer of size and pigment, 
and to hang up the linoleum until it is dry 
enough to print. 

Printing Floorcloth and Linoleum. 

The printing both of linoleums and oilcloth is 
done on long, flat bed machines, by means of 
blocks of wood or metal in which the design is 


But all surface colouring is doomed to disappear 
as the surface wears away, and to avoid this 
wearing out of the pattern inlaid linoleum was 
invented, and by gradual progress its manu- 
facture has been brought to remarkable success. 

Inlaid Linoleum. In manufacturing in- 
laid linoleum, continuous sheets are formed of the 

colours required 
for the design. 
These sheets of 
coloured cork 
and cement are 
passed under 
cutting rollers, 
which punch out 
the pieces of 
sheet composing 
the design. The 
j)ieces are auto- 
matically ejected 
from the cutters, 
and attached by 
needle ])oints to 
an endless belt, 
which carries 
t h (i m to t h 
cylinder on 
which the inlay- 
ing is done. The 
])ieccs are col- 
lected and as- 
sembled by machine, fitted, and rolled off con- 
tinually, to be attached with cement to the can- 
vas, and to be compacted together under Hhe 
pressure of heavy rollers. The method is not 
the only one in use for obtaining through- 
coloured linoleum. In another system the canvas 
is covered first with a thin layer of linoleum, to 
w'hich is applied granulated linoleum of separate 
colours by means of rotary stencils. The 
foundation and coloured patterns are heated 
and rolled together, and the process produces the 
blurred, carpet-like effect that is to be seen in 
high-class cork carpets. 



LINOLEUM AND FLOORCLOTH PRINTING MACHINE 


raised in relief. One block is provided for each The seasoning of linoleum before use is of even 
colour, the position of each block is fixed, and greater importance than in the case of the cheaper 

the fabric travels beneath them. The blocks are article, floorcloth. The process occupies weeks, 

supplied with paint from pads fed from troughs and is carried on in warm air, to complete the 

and rollers ; the position of the cloth is adjusted oxidation of the oil and to turn out a thoroughly 

with exactitude by gauges ; and the blocks are matured fabric for the floor. The net result, in 

pressed down in succession to impress the .the case of the most careful forms of manufacture, 

separate colours and the outline of the pattern. . is that an article is produced which is^ not only 
The de^gus ]^ printed in thick paints, of which extremely endurable but, in an increasing 
the beslP s-Woftderful wiring properties, degree, akistic. J. A. HUNTER 
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^ Format, Ion of Strata. The Batldlntf of the Earth's Crust. The 

Modelling of Mountains. Geological Time and the Age of the World. 

THE EARTH’S STORY IN THE ROCKS 


E history of the earth through uncounted 
ages is written in tho stratified rocks. It is a 
most fascinating story, and there are few occupa- 
tions which give tho geologist greater pleasure 
than endeavouring to add a new chapter to it. 

Thus, for instance, he finds tliat seams of coal 
generally rest upon strata of shale or clay, which 
are thickly filled with curious branching objects. 
A happy guess identified these as tho roots of 
fossil trees, while we know that coal itself is 
the remains of vegetable matter which has lost 
nearly everything but its carbon. Tlio inference 
is plain — that the layers of clay or shale represent 
the soil in which an ancient forest grew. At the 
same time we know that this clay or shale itself 
was once laid down at the bottom of a sea or 
lagoon, since it is arranged in layers such as we 
know to bo due to the deposit of sediment by 
water, and often contains the fossil remains of 
marine or lacustrine organisms. But in many 
places, as wo drive our shafts into the ground, 
we find one coal seam lying upon another with 
intermediate layers of clay or shale or sand- 
stone, until the whole thickness of tlu» coal 
measures may amount to many hundrf'ds of 
feet. We can then reconstruct the history of 
this part of the earth’s crust. 

Fallen Forests. Once a sheet of water 
rested there, far below the present surface. 
Rivers brought down sediment which they 
had abraded from the distant hills, and spread 
it over tho bottom of the lagoon or sea until 
tho bed rose above the water, and became 
land dry enough for the growth of primeval 
forests. For centuries these fort^sts grew and 
fiourished, and loaded tho ground with rich, 
(;arbonaceou8 products of their fallen trees 
or shrubs, until the ground again began to 
subside by the slow movement of the crust, 
and the water overflowed it once more. At 
tho bottom of this new lake the trees ft;Il and 
decayed, forming a carbonaceous bed ultimately 
to be converted into coal, w'hich was again 
covered by the sedhnent brought down by new 
rive’*®. After the lapse of fresh ages the ground 
again: emerged from the water, whether by the 
accumulation of river-borne sediment or by tho 
actual elevation of the land by internal forces, 
a new forest grew up, and the wonderful cycle 
was repeatcKl ; and that not once, but perhaps 
a score of times, until a rich coalfield was stored 
up against the needs of twentieth -century man. 

Almost every part of tho earth’s crust tells a 
story as interosting, though not always as clear 
as this. In the remaining portion of our courso 
it* will be our business to show, first, how the 
sedimentary rocks wore moulded into the shape 
that gives character to the landscape ; and 


second, how^ tho history of the earth may bo 
read in tho innumerable strata which hav^o been 
deposited by water and other agencies since the 
beginning of the world. 

The Making of the Earth’s Crust. 
The various agencies that have now boon 
described account bctw’een them for the slow 
and painful architecture of the earth’s crust. 
Tile landscape as wc? now behold it is tho outcome 
of a balance* between numerous and often con- 
flicting causes. It has been moulded partly by 
the steady shrinking of the earth’s crust and 
consequent production of wrinkles on the face 
of our aged planet, partly by the chiselling etfect 
of the various agencies of denudation, and partly 
by the influence of life in all its forms, covering 
hill and valley with a veil of vegetation, and 
helping t o break down the angular surface of tho 
barren rock into tho rounded contours of fertile 
soil so prevalent in a landscape. 

By far the ^eator part of the visible surface 
of the earth’s ^ust consists nowmiays of strati- 
fied or sedimentary rocks, w^hioli, as we have seen, 
are derived by the work of various superficial 
agencies from thi^ igneous rocks. Originally 
these sedimentary rocks wore laid down, mostly 
on the beds of lakes or seas, by the action of 
water ; a few also, like loess, by atmospherics 
action ; and a few, like tuffs, by volcanic 
action. But the great majority of sedimentary 
rook.s are of aqueous origin. They were origin- 
ally laid down, thenffore, in layers or strata ot 
various thicknesses, which were roughly horizon- 
tal, whereas at the present day wo find these 
strata arranged in the most varied and irregular 
manner. [See xfiato facing i)age 18.! 9.] 

Incline of Strata. One may almost say 
that it is comparatively rare nowadays to find the 
strata lying parallel to the surface of the earth. 
A moment’s thouglitwill show us that if tho strata 
still lay horizontally, the whole surface of tho 
earth, or, at any rate, of a large area such as a 
cx)ntinent, would be covered with a single uni- 
form layer of one kind of rock. But we know 
that the cas(3 is very different. A glance at tho 
geological map of the British Islands jset^ 
frontispiece to volume, coloured in accordance 
with the presence of the different kinds of rock] 
will show that it is far more complicatecl than 
any political map of the world. Within the 
compass of a single day’s work tho gcologi.st 
traverses a score of different rock surfaces. 
What this means, of course, is that, instead 
of the strata continuing to lie liorizontally, 
they have been tilted, so that the surface 
of the earth consists in great part not of 
their flat upper surfaces, but of their oti/- 
cropping ends. 
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Succession of Strata. The student 
may familiarise himself with this statement by 
taking a number of different coloured papers 
or pieces of cloth, and laying them on the top of 
one another. If this packet be laid flat, it will 
represent the mode and position in which the 
various strata were laid down on the bod of the 
ancient sea. Each bed or layer of rock is 

di 8 tinct 
from 
the one 
beneath 
it, a 1- 
though 
they 
may all 
l)e com- 
posed of 

68. THE CONTORTION OF STRATA similar 

in a t c r- 

ials. Wc may, for instance, have a series of 
layers of sandstone, or an alt('rnation of sand- 
stone with shale, or an intermingling of organic 
strata such as eoal seams, or a still more com- 
plicated mixture of strata. 

Each bed or stratum corresponds to a dclinite 
portion of time in the de'velopment of geological 
history, during which a certain kind of debris or 
loose material was being laid down, afterwards to 
bo consolidated into comparatively hard rook. 
While the strata remain in their original position, 
only the one on the top, which, of course, was the 
last to be laid down, is visible. It is only by 
boring through the mass, as in sinking a well or 
eoal pit, or in making a railway cutting, or 
when a natural section is made by a river 
cutting its gorge, or the sea undermining a 
clitT, that wo learn the natun? of the underlying 
strata. But it is evident that if we take our 
packet of sheets of paper and turn it on end, 
an observer looking from above will at once sec 
the whole scries of strata exhibited to his view. 
The same will be the case if, instead of turning 
the packet on end, we lay it on a sloping desk 
and, with a sharp knif *, cut a horizontal section 
through it. On tin? Hat surface thus produced 
the various sheets of paper, representing our 
typical strata of sedimentary rock, are exposed 
in tlie same order as that in which a vertical 
shaft would pass through them. This is what 
has actually happened in nature, and simpliHes 
the task of the geologist. 

The Strata Tilted. If it were not for 
the fact that the strata had thus been tilted in 
most parts of the earth, wc should be confined 
for oUr knowdedge of the earth’s crust to such 
shallow scratches and borings as man is able 
to make. At the utmost we should know the 
aaturo of the crust to the depth of alwut a mile. 
But the fact that the strata have b:en tilted 
provides us with a far greater range of know- 
ledge. For the denuding agencies which are 
ever at work on the earth’s surface have done 
for the actual strata precisely what we have 
done with a sharp knife to our imaginary model. 
The contours or wrinkles on the earth’s crust. 
Vhich we saw to be a necessary consequence of 
the contraction, have tilted 


the strata to very considerable angles [68]. Wo 
can see how this happens if wo take a thickish 
papcr-lK)und volume — a Christmas number of 
a magazine will do nicely — and, laying it flat 
on a table, press its edges towards one another. 
The result is that the middle of the book is 
elevated, whilst the separate leaves, which 
H'present the strata of the crust, are throwm 
into a ourved form (64J, which, of course, 
means that they arc tilted out of the horizontal 
into an arch. 

Mountain Modelling. In this way the 
vast mountain range or tableland is formed — 
a wrrinklo or swelling on the earth due to the 
contraction of the interior. The denuding 
agencies promptly get to work on this elevated 
region and gradually wear it down. If tliey 
were allowed to go on for an indefinite term, 
they woukl wear tlie whole surface down to the 
sea-level. But as even geological time is not 
infinite, these forces have succeeded only in 
wearing so much of the eUn'ated part away as to 
leave what we now i^all a mountain range — such 
as the Alps — which is chiselled into the most wild 
and picturesque irregularities of shape simply 
be(viiisc its materials were not homogeneous 
but of varying degrees of hardness, and con- 
sequently one part has b(*en worn away faster 
than another. 

Tlie details of mountain carving are outside 
the necessarily limited scope of this cours(», 
but they may bo studied with the greatest 
interest in more elaborate textbooks, such 
as Sir Archibald (^eikio’s Scenery of Scot- 
land.” We need sim]>ly point out that the 
history of all mountainous distriotfi is one of 
general elevation of the surface followed by the 
long secular process of modelling due to th(^ 
various denuding agencies. It may 1)0 com- 
pared to tht^ work of children making a snow- 
man, who first heap up a roughly spherical 
accumulation of snow, and then sliape it by 
scraping away the unnecessary parts. 

Remnants of Ancient Mountains. 
Thus, our present mountain -chains, imposing as 
they are, do but represent the worn and wasted 
remnants of the huge elevations of earlier times. 



64. THE FOLDING STRATA 


This process has occurred not once but scores of 
times in the history of the earth, and the present 
configuration of its surface is only the last term 
in a vast series. Again and again vast regions 
have been elevated and carved away by the 
denuding agencies till they fell so low that the 
sea overflowed them. Again they were elevated 
high above the sea-level, and again carved 
down, and this process has in some instances 
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been repeated to our actual knowledge five or 
sijc times at least 

The ** Everlaating ** Hills. We may 

infer that this movement has taken place far 
oftelier. If we think of the slow changes which 
now occur among the “ everlasting hills,*' which 
are practically the same to-day as they were when 
Homer sang and Rome was represents by only a 
few poor huts, we shall get some notion of the 
vast and almost unimaginable ages which have 
elapsed since the earth cooled down sufficiently 
to develop the seas and watercourses which have 
been the chief agents in this work. Yet it is prob- 
able that even this incalculable space of time is 
but the smaller part of the aeons which have passed 
away since the whole solar syshmi existed in the 
condition of a fiery nebula. That nebula itself 
may, according to a very probable hypothesis, 
have been the product of an earlier collision 
between two stars, each of which may have 
had its attendant planets as far advanced in 
the order of evolution as the earth is now. 
Science is impotent to do more than adumbrate 
such a possibility as this, the serious contem- 
plation of which overwhelms the mind with the 
sense of its own insignificance. 


expect to be the .case, since we know that they 
were originally laid down on a roughly horizontal 
sea- bed. Sometimes, however, instead of being 
regularly tilted they have been crumpled into 
all kinds of bewildering curves, in which case 
they are spoken of as being 63 1. 

Arches and Troughs. The most 
common way in which strata have been tilted 
is that illustrated by the experiment with a 
magazine described above, whore pressure from 
either end of the strata has raisoa them into a 
wide arch. In that case the strata at the two 
ends of the arcli will be found to slope in opposite 
directions [65|, while as w(! travel fioni one end 
of the arch or dome to the centre, wo find that 
the dip of the strata is steadily diminishing, 
until at the centre it is reduced to zero and the 
strata there are horizontal. If we go further 
on the dip is reverscid in direction and steadily 
increases. The surface of the ground in many 
places has been changed by the pressure con- 
sequent on the earth’s internal contraction 
into a series of arches^ which must clearly be 
divided by corresponding troughs, very mucli 
like the surface of the sea. In a trough it is 
clear that the changes in the dip of the strata 



Dip of Strata. The past history of the 
earth, so far as geology can read it, is written 
in the strata of the sedimentary rocks. We can 
study these at our convenience, owing to the 
already explained fact that in most cases they 
have been tilted so that their ends, chiselled 
off by the sub-aerial denuding agencies, reach 
the surface, where we can study them at our 
leisure. TTiese outcrops form, as it were, pages 
in the great book of the geological record. 
They are numbered consecutively, so that we 
know the order in which to study them, the 
upi>er ones being the later. 

'When we find a stratum or bed cropping out 
on the surface, the first thing that we have to do 
after finding out of what kind of rock it is corn- 
posed is to see what angle it makes with the hori- 
zontal. This afigle is called the dip of the strata, 
and it is measured by a simple instrument 
knowii Mihe clinometer [see page 719], which con- 
sists of a graduated semicircle with a pendulum 
pivoted on its centre. Whenever we are able, 
08 in a railway cutting or a quarry, to see the 
strata in section, we can measure their dip by 
holding the diameter of our semicircle parallel 
to a bedding plane, and noting at what division 
on the scale the pendulum then hani^. As a 
rule the angle which the beds thus form with 
the horizontal is fairly constant* as we should 


will be just the opposite to those in an arch. 
When the strata dip away from a central axis 
so as to form an arch, the structure is called an 
anticline ; wlioii they dip towards the central 
line so as to form a trough it is called a syttcUne. 

Brohen Arches. W(i seldom find this 
complete structure now in existence, since 
the arch has usually been worn away and 
the trough has Iwon filled up by the pro- 
cesses of denudation and reconstruction which 
arc always going forward. But wc can recon- 
struct it in imagination by studying the dip 
of the strata. Whore at two points some 
distance apart wo find beds of a similar rock 
cropping out on the surface of the ground, 
pointing upwards and towards one another, wc 
see without hesitation that they once met each 
other in a vast dome or saddle ; if the dip of 
the strata bo downward and each side towards 
the other, wo infer that they actually meet at 
a point far below the surface. This curved 
arrangement of the strata characterises the 
greater part of superficial sedimentary rocks, 
in many places the curvature is more com- 
plicated and irregular ; the strata have been 
so contorted, as in many parts of the Alps, that 
they are actually inverted, or bent round so that 
one part of the same stratum lies vertically 
upon another. But all these more compheated 
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f(}rms of curvature arc due to the eame cause, 
the bending of the originally horizontal strata 
under lateral pressure. 

Outcrop and Strike. The part of a tilted 
stratum which emerges at the present surface 
of the ground is called its outcrop. Where the 
stratum is of considerable width, this outcrop 
forms a long streak, the direction of which is 
known as the strike. The strike is obviously 
at right angles to, the direction of dip. The 
width of the outcrop depends upon the thickness 
of the stratum and its inclination to the horizon- 
tal, since the outcrop is a sc^otion cut through 
the stratum by a horizontal plane. It may be 
only a few inches in width, or it may 1x5 many 
hundreds of feet. In the latter case it is usually 
found that the stratum, though composed of 
the same rock throughout, is divided by a num- 
ber of fissure planes into a scries of thiimcr 
strata, or laminae, each of which corresponds 
to a definite period of the time when the materials 
of the rocks were being deposited. 

The Order of the Strata. One of 
the most important things to study in con- 
nection with the sedimentary strata is the order 
in which they were deposited. In the rare 
cjxses where the strata still preserve their 
original horizontal attitude, the lowest stratum 
must clearly 1x5 the oldest, and the upj)crmost 
one the most recently deposited. If the strata 
have been tilted or crumpled [66] they still 
preserve the same relative chronological order. 
In order to find out from a series of strata crop- 
ping out on the surface of the earth which was 
originally the lowest, we have simply to measure 
the direction of their dip. Obviously, the 
stratum which has its outcrop farthest in that 
direction was originally the uppermost and is, 
therefore, the youngest. As we walk in the 
opposite direction wo arc tracing the strata 
backwards in time. 

In this way we are enabled to say with 
entire certainty what was the order in 
which certain sedimentary rocks found 
in juxtaposition to one another were laid 
down ; and geologists have been able to 
establish a definite and coherent history 
of tlio earth, which it will be our business 
to describe in the concluding section of this 
course. Wo have already seen that the great 
majority of the sedimentary rocks contain fossils. 
These remains of prehistoric creatures differ 
widely in character and species, according to the 
rocks in which they are found. This fact has 
been of the greatest service to the study of the 
evolution of life, since the geologist is able to tell 
the biologist that certain rocks have invariably 
been laid down after certain others, and, conse- 
quently, that the fossils found in the latter were 
the ancestors, or at least the forerunners, of 
those associated with the former. 

Geological Time. There is, unfortu- 
nately, no absolutely certain method of trans- 
lating the geological scheme of time into the terms 
of human chronology. We can say with entire 
^certainty that one stratum or set of rocks has 
b^n kua down before another, but we can only 
make rough guesses at the actual lapse of time 
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which separates these events. Some infereno3 
may be drawn from the rate at which we sea 
certain kinds of rock, such as shale or sandstdne, 
being laid down at the present day. But it is 
very dangerous to argue that the same rate 
existed in the remote past. What we can bo 
sure of is that the lapse of time represented by 
the formation of the sedimentary ro^ks was very 
great. To take a single instance, the carbonif- 
erous limestones of Western Europe are com- 
posed entirely of the shells and skeletons of 
minute organisms which lived in a long vanished 
sea, and strewed their calcareous remains on its 
bod when they died and sank down through the 
water. This process went on long enough to 
accumulate thousands of feet of limestone ; and 
at the very lowest estimate, that must have 
taken many thousands of years ; yet this is but 
one layer out of the immense thickness of sedi- 
mentary rocks which have been gradually accu- 
mulated in the upper part of the earth’s crust. 
The geologist is probably well within the mark 
when he demands anything fioni one hundred to 
five hundred millions of years for the slow un- 
folding of the earth’s physical history. 

Joints. The sedimentary rocks aro not only 
characterised by the roughly horizontal divisions 
into strata, but by vertical fissures or planes of 
division, which aro known as joints. These aro* 
probably due to Iho strain w'hich lias boon 
brought to bear upon these rocks in the course 
of the shrinkage of the earth’s crust. Experi- 
ment has shown that the folding or twdsting of 
th(} rocks gives rise to joints, just as tJie strain put 
on the ice of a glacier by its movement makes it 
crack into numerous crevasses. Igneous rocks 
present a jointed structure as w’ell as stratified 
rocks, in consecpienco of the same cause. The 
existence of those joints has a two -fold import- 
ance to man. In the first place, they provide 
channels for the circulation of underground 
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otherwise impermeable ro?k, and thus is enabled 
to contribute to those widespread subterranean 
effects which have already been described, and 
also to return to the surface in the form of springs 
where the configuration of the ground permits of 
this. It is also by taking advantage of these 
joints that the miner and the quarryman aro 
enabled to perform their work with a minimum 
of exertion. 

Division Planes. Stratified rocks, like 
flagstone and sandstone, are divided into more 
or less rectangular blocks by the double set 
of division planes which intersect them — 
the bedding planes which divide strata hori- 
zontally, and the joints which are . usually 
vertical. In this way large cubical blocks 
can be quarried without much difficulty by 
taking advantage of these natural divisions. 
An ordinary block of household coal illustrates 
both sets of planes very welL It is divided in 


water, which travels along these cracks in an 
Crag. London clay. Chalk. 
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ono direction into comparatively fine laminae, 
which have usually soft surfaces and soil the 
fingers ; these are bedding planes, or planes of 
stratification, which were originally horizontal 
or parallel to the dip of the coal seam. At right 
angles to them will bo found joints, along which 
the eoal splits when struck with a poker; the 
face thus exposed is rough and bright, and does 
not soil the fingci*s. (3ood coal will usually split 
along these two faces into roughly cubical frag- 
ments. The picturesque cracks and castellated 
structures so often seen in sandstone and lime- 
stone districts arc due to the splitting of the ro(‘ks 
by meteorological action along the lines of joints. 
Igneous rocks are traversed by one set of divi- 
sional ])lanes only — the joints. Thus the quarry- 
ing of a rock like granite i^attended with greater 
difficulties than that of the stratified rock, as it 
naturally tends to split only in one direction. 


consists of a simple crack in the rock it is known 
as a fissure. But in the majority of cases thp 
fracture has been accompanied by a vertical 
displacement of the rocks on ono side of it, and 
it is then known as a fault [see page 2481]. 
Where the fault occurs in stratified rocks, the 
strata on one side of it no longer conform to 
those on the other. They have l>een moved 
bodily up or down, and the result is that they 
no longer join on to one another. 

** Faults” and Earthquakes. Faults of 
this kind usually lead to weakening of the crust 
where they occur, and often play an important 
])art in the occurrence of earthquakes or volcanic 
action. The reason why the district of Comrie 
is ])eeuliarly subjected to earthquak(‘s is that 
it lies u}>on the great fault of Perthshire. Faults 
are very important to miners, because where oiu* 
occurs th(‘ coal seam or vein of metallic ore seems 
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The remarkable columnar structures of basalt as 
seen by tourists in the Giant’s Causeway and 
the Oaves of Staff a are due to jointing. 

Cleavage Planes. Cleavage planes, which 
we have already described as occurring in 
minerals, are a third set of divisional planes 
which have been induced by severe and long- 
continued^ pressure in certain rocks. It is most 
perfectly seen in slates, which can be 
readily split into thin plates along the 
cleavage planes. Some igneous rocks like the 
felsites show well-marked cleavage planes, which 
enable them to bo split up into flags for paving. 

There is another kind of division in rocks 
which has been caused by movements of the 
^crust. This is known as a dislocation, which is' 
'simply a fracture extending for some distance 
through a mass of rock. V^ere the dislocation 
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to come to a sudden end. As a matter of fact, 
it ha.s been shifted bodily up or down, and some 
geological knowledge is necessary in order that 
the miner may know where to look for its continu- 
ance. A fault may bo a vertical dislocation, but 
it is usually inclined. Its inclination from the 
vertical is known as the hade, and the amount of 
vertical displacement of the strata on either side 
is known as the throw. In 14io case of the vertical 
fault there is no lateral displacement of the strata, 
but if the fault be inclined it will be seen that 
the lateral displacement may be very consider- 
able, and its extent depends both on the throw 
and the hade. The strata on each side of the 
fault preserve their relative positions ; and when 
the hade and the throw are both known, it is an 
easy matter to find the lost seam or vein. 

W. E. GARRETT FISHER 
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Various Types of Foundry Furnaces. Their Construc- 
^tion and Working. Ladles used in Foundry Practice. 

FOUNDRY SMELTING 


Metal Melting for Casting. The melt- 
ing of metals and alloys for foundry use must not 
be confounded with the reduction of metals /rom 
their ores, with which the founder is not con- 
cerned, with the exception of steel made by 
the open hearth process, which is reduced and 
poured at once. Even with this, however, 
scrap steel is generally rcmelted. Another slight 
exception occurs in the successful easting of 
tunnel linings, segments, etc., direct from the 
blast furnace. But it remains true substantially 
that all foundry moulds are poured from metal 
or alloy that has been remelted for the purpose, 
and frequently more than once. Only by doing 
so can homogeneity bo assured, and grading of 
different qualities be obtained. 1 

The foimdry furnaces used for remelting are 
divisible under five rliain heads — the cupola, 
the crucible,' the reverberatory, the converter, 
and the open hearth, though the last-named, as 
already remarked, is also an ore-reducing 
furnace. 

The Cupola Furnace. This is used 
almost exclusively by the ironfoiinder, the 
Bessemer cupola excepted. The fuel — hard 
coke — and pig or scrap are intermingled in 
successive layers, and the molten metal drops 
down through the fuel and accumulates on the 
bed, whence it is tapped in such quantities as 
are required., Tlie furnace [115 and 116] is 
tall, and the coke and metal, with limestone 
flux for removing earthy matter, are thrown in 
through the charging door. A strong air-blast 
is necessary to produce the intensity of heat to 
melt the iron. Thei^e are 
different ways of directing 
this into the furnace. 

Sometimes it is done by 
encircling the zone of 
greatest fusion with a 
belt, through and from 
which the blast is dis- 
tributed through a num- 
ber of tuyere holes, as in 
lib, and this is the better 
plan. The other is to have 
two or three bent tuyere 
pipes arranged equidis- 
tantly around the zone, 
as in 115, T being one of 
the tuyere holes. The 
metal is either tapped 
directly into a ladle for 
pouring, or into on inter- 
m^ate receiver as in 116. 

Different grades of metal 
can be melted at the 
same time by taking ad- 
vantage of the separation 
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effected by the alternate layers of coke and 
iron charged. 

Fconomy in WorRing. Economy in 
the consumption of coke used in melting is 
ensured by the observance of a number of 
conditions. A short melting is inevitably 
wasteful, hence a blow of from four to six 
hours is better than one of two or three 
hours. In many foundries the cupolas arc 
melting from soon after breakfast up till five 
or six o’clock. Large cupolas and large volumes 
of metal are better than the opposite conditions. 
Good coke is most important ; so is an amjflo 
volume of blast. Other conditions arc a good 
height of furnace, a deep bed-charge, can'ful 
charging, frequent slagging, and mc'lting hot. 

The furnace is built of sheet iron lined wMth 
firebrick, and daubed with sand around the 
low'er areas. One of the Iwst modiTn cupolas 
is the Thwaites, illustrated in 116. There are 
Q^ht or ten successful types, but 
space will not permit of their 
description. 

The Crucible Furnace. 

This is the furnace mostly used 
by the brassfoundor — in fact, in 
most shops it is tlie only type 
adopt4?d. It is also used for 
melting alfiminiura and a large 
proportion of the steel employed 
for casting. Although a single 
crucible seldom holds more than 
a hundredweight of 
alloy, and must carry 
rather less thtin th at, yt'.t 
castings of almost any 
dimensions are made 
from them by pouring 
the contents of a num- 
ber of crucibles into 
the mould. Ihis has 
never been done any- 
where on so large a 
scale os at Krupp’s, 
at Essen, where for 
many years nothing 
but crucibles were used 
for casting the biggest 
guns. The story has 
often been told of the 
hundreds of crucibles 
of metal all in readi- 
ness for the word of 
command, when they 
w^ero poured out by 
the men with military 
precision. But in 
England the converter 
or open-hearth furnace 
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is used for ,heavy casta in steel, and the of any steel, if either were melted in contact 
reverberatory furnace for those in brass and with the fuel as iron is. i 

bronze alloys. Crucible furnaces [117] are built solidly of 

In most brass foundries a battery of furnaces brick in the foundry floor, %r they are of sheet 

18 built [117], numbering from three or four to iron or cast iron, brick-lined, and portable, 

a dozen, and it is not infrequent for the contents The first are more suitable for the larger foundries, 
of several to bo requisitioned for one cast. But the second arc often preferred in the smaller 
for the _ most __part ones. There are 


brasswork is light, 
and often, therefore, 
several moulds can 
be poured from one 
crucible. 

Cupola and 
Crucible Melting. 

The reasons 
why iron is cm/ircin& 
melted in a 
cupola, in 
contact with 
the fuel ; and 
brass alloys, 
aluminium, 
and steel in 
crucibles, are 
as follows: 

Iron is much 
cheaper than 
the copper 
alloys and 
steel, and 
therefore a 
little waste is 
not of much 
impoitance. It ^ 
is also gener- 
ally required but 

in larger quan- 
tities. But 
the principal 
reason is that 
iron is not in- 
jured by con- 
tact with the 
fuel, while the 
composition of 
the brasses 
and steels 
'would be. It ~ 

is difficult to 
maintain the 
purity of the 
two last named, 
the brasses be- 
cause of the 
tendency of the / 

metals having I 

the lowest ^ 

melting points, 
tin or zinc, L 

to liquate, or 
volatilise, and 
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so separate from the copper ; the steels, because 
they depend for their qualities on the main- 
tenance of exact and very minute proportions 
of carbon and other elements. It would there- 
fore be impossible to maintain the compositions 
of the brasses and bronzes, or of the grade 
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very many varia- 
tions in desi^, each 
of wliich may pos- 
sess some slight ad- 
vantage in some 
respect over others. 

A small battery 
zr:-. oftheordinarybrick- 

built furnaces is 
, "fir ; shown in 117. It 
Will bc scen that 
each furnace can 

receive but one 

crucible, which rests 
upon and is sur- 
rounded with coke, 
and covered witli 
an iron plate and 
tile during minting. 
[Compare with (>aiT’s 

5 furnace [118] show- 

) ing the crucible in 

^ place.] Natural 

draught comes up 
through the grate- 

j bars, and passes 

away through 
1 the chimney 

common to 
J all the flues. 
1 I ‘ tjji^ The fire is 
dropped at 
J I night by pull- 
ing out the 

\ r-fi loose grate- 

^spovT^ I bars, which 

‘ , I 'l made of 

rods of 

— -_> • || ^ square seo- 

_ V' -f ‘ 4* - ■ ' ashes are 

taken away 
from the ash-pit into the ash-hole or 
gallery in front, the grating being lifted 
up for the purpose. 

As a rule, tnc natural draught of a 
chimney is adopted for brass-melting 
I furnaces, and coke is the fuel used. . 
___J In recent years prepare blast has been 
applied to the Fletcher furnaces and 
otheTs, and oil has been used as a fuel, 
as also has producer gas. It is prob- 
-B able that these will in course of time 
largely displace the old methods, because 
these agencies are more active, cleaner, and 
under better control. 

Fig. 119 shows one of the Fiat furnaces used 
largely in France. The actual furnace is made 
to tilt, so avoiding the pulling out of the crucible 
with tongs. In some of these, two crucibles are 
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i 7 scd, an upper one to warm the lumps of brass, 
an^a lower one to melt them. 

The Reverberatory Furnace. This 
and the brass-melting furnaces just described are 
often termed air furnaces, because they utilise 
natural chimney draught instead of pressure 
blast, like the cupolas and converters. The term 
“ reverberatory relates to the arched form of 
the furnace roof, which, being low, deflects the 
heat down on the metal that lies on the hearth. 

Details of design vary, for these furnaces are 
used in nearly all metallurgical processes having 
for their object the reduction of v a' ions 
metals from their ores, or the remelting of me.iala 
and alloys. Essentially the furnace comprises 
a hearth on 
M’hich the metal 
lies, and which 
is arched over 
by the roof ; a 
fire-grate, sepa- 
rated from the 
hearth by a 
bridge of brick, 
and a tall chim- 
ney at the op- 
posite end ; and 
various openings 
in the furnace 
sides through 
whi(di the opera- 
tions going on 
are observed and 
controlled, and 
from which the 
metal is tapped. 

The flame and 
hot gases are 
drawn over 
the bridge 
and hearth V.y 
the chimney 
draught, and 
deflected by the 
roof on to the 
metal. The 
value of this 
typo to the brass- 
founder lies in 
the fact that 
large masses can 
be melted with- 
out contamina- 
tion with the 
fuel. The same remark applies to aluminium, 
and occasionally cast iron is so melted. The 
largest quantity of steel made is produced in 
furnaces of this type. i 

The Bessemer Converter. This is 
used for one particular grade of steel, used 
largely for castings, and for rolled products [see 
pages 925, 1013, 1044]. It is a remelting 
furnace, the pig having been previously smelted 
from the ore elsewhere in w blast furnace, and 
remelted in a cupola before it is introduced to the 
converter. The pig is decarbonised by the blow- 
'ing.cf Atmospherio air through the molten metal 
for about twenty minutes, and any excess of 
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sulphur and phosphorus is removed, after which it 
is recarbonised by the addition of spoigcleisen, 
or ferro-manganese (alloys of iron with carbon 
and manganese). It is th(‘n ready to be poured 
into the moulds. These converters deal with 
large and small quantities of stot‘l, and divide 
favour with the open-hearth furnare.s. 

The Open-hearth Furnace. This 
is a reverberatory furnace designed with the 
special object of making mild steel from ore and 
pig or scrap. 'Ihe ore and metal arc decar- 
bonised, not by a blast of air, as in the converter, 
but by the action of reducing agents — leUling. 
The metal is recarbonisod by the addition of 
spcigel, or ferro, and is then ready to bo poured 

into castings. 

F o u n d r y 
Ladles. In 
ordinary foundiy 
work all metal 
is transferred 
from the cupola 
to the ladles 
before being 
poured into the 
moulds. The.se 
ladles vary in 
almost every re- 
spect one from 
another, from the 
small hand ladles, 
holding J cwt. 
to those carrying 
as much as 70 
tons. The 
smallest is a 
hand ladle, 
usually made of 
cast iron, and 
furnished with 
one shank or 
handle. It is 
used fo: very 
light casts, and 
for supplying 
small quantities 
of metal r e - 
q Hired for feed- 
ing, etc. The 
form of ladle 
which is used 
more than any 
other in ordinary 
foundry work is 
the double-.shank type, made in sizes holding 
from 1 to 3, 4 or fl cwt. It is of sheet steel, 
livctcd together, and is embraced by the ring • 
into which it drops, and manipulated by the 
shank handle. Two, three, or four men are 
required for carrying it, according to its weight 
With 1 cwt. o * cwt. of metal two men suffice. 

With 2 cwt. or 2| cwt. three men are required. 
Above this load four men carry, two at the double 
handle, and two at a cross-bar supporting the 
single handle. During carriage the neat of the 
metal is prevented from scorching the men’s 
faces by a cover of sheet iron placed over it. 
The metal is poured by the man or men at the 
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cross-handle tipping it sufficiently high. Ladles 
of the 8ame,type». but . carrying froni.3 or 4 cwt, 
up to 2 ton, ai^ slung in the crane and, tipped 
by men at.cro$s-han(Ues. . 

Hea^y rL^lea.' ' Above this ^ siEe,-< and up 
to 12. tons, ladlto* of the type of 120 are used. 
These are made^nf boiler-plate riveted- together, 
and ^cording to their size the arrangements for 
pouring are modi- 
fied. In anv case, m * 
the ladle is slung in Irr^ 
the crane by means ‘ ^ 

of a strong cross- " r 

head and eye ; from / : 17 j n 

the ends of the : , \ 

cross head depend 7 :^^ [ \ ti 

slii^s with eyes "VrV : 
which embrace the ^ . 

trunnions project- ‘. 7 .. } 1 C ; 7 '^ 

ing from a belt en- ‘ 
circling the ladles 

about the centre. When the ladle is of 
moderate size, say, carrying less than 2 ' 

tons, it is tipped by moans of the cross- 1 r ... - . 
handle haying a box end hnd pin. But ; 

in the heavier ladles worm gearing, as • 

shown in 120 (one of Nasmyth’s nuincrous j 
inventions), is always ehiployed. In the -Zizif; 
figure bevel gears for gaining extra power 
are added. The spindle of the worm 
is usually prolonged, and drawn down 
rectangular in form to receive the cross- 
handle, by which its rotation is elYected. 
Or, as in 120, the cross-handle is put on 
the shaft of the first bevel wheel. , The 
task of tipping, owing to the enormous gain in 
power obtained by thw gearing, is comparatively 
easy, one man easily regulating the flow of 
several tons of metal. A forked bar is used for 
pulling round arid guiding the ladle while slung 
in ' the crane. 

The carriage 

form of ladle is //\ 

employed for rr-^ p 

large quantities t ‘ ' * 

of steel, avoid- SJ • 

ing the use of a 
crane, the ladle 

being pivoted in ! ' ^ 

bearings in a f | 

heavy carriage. i-..-.-.-. J 

Loads of molten I - 'Hi 

metal up to 70 I - , I ] ' 

tons are handled j| K | 

thus. ^ "Jl". ‘J H ’Ji.'' 1"1. 'iflf I 

LitningLad- 

lea. - A part of ' ‘ ’ ' t 

the duties of the \| |f 

furnace^man •• .jf/ • 

consists " in ' lin- • 

ing the ladles in ' — 

readiness to re- 120. qeAr 

ceive the metal. ' 

Clay wash is smeared ^ver the interior, ^ and 
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fire of sticks lit inside them. After the casting 
is done,, the romsdning . metal, if, npt reqmred 
;fpr other, ^'wprk, , is ^tter 

dug in to be broken up alter 

. cooUrilH On.*the • foUb-wing^ moming.^^e skulls, 
or thin linings ,of metal to the 

.sides of the ladles; are knoehia put,- and they 
are relined for the ne;ct pasting. One coating 
' does not suffice for 
. jenp — more than the cast- 

^ j ing of a single day. 

- uL- -L S Rimming 

' ■ Ladles, Several 

/M\ special forms of 

wiilkii 

■ i 'vised with a view 

1 — ^ ^ to; the better skim- 

.j "7 ■' f'he metal. 

‘^\i 7 but the old form, of 

: 1 TTTrrriy baying the Scorif© 

back with a skim- 
j 1 r— I mer bar s^ir holds 

' I 

‘ Mi goose- 

: i : neck ladle is gener- 

< 4-^ y; .M r. . 77 : — ahy nsed — that is, 

• ^ the mptal is run 

i£i: through a -hole in 

^he bottom of the 
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being operied by a 
gooso-no(;k or bent lever lifting a plug which 
closes the hole when nob pouring. Another 
ladle has a partition passing down inside the 
ladle near to the bottom, , which ofiectuaily 
keeps back the dross. Another on ‘ the^ same 
principle has two spouts on opposite^ sides. 
The trouble of skimming is not so. serious as 
some may think, for with a skimmer ' held 
firmly across a ladle’s mouth it is very rare 

for any' larg(‘ 
amount of dross 
[j to flow over. 

‘ M Two typical 

]| If foundry interi- 

ors are Shown 
in 121 and 122. 
Fig. 121 includes 
a jib crane of 
the usual type, 
which covers the 
floor area within 
its range, piles 
of boxes being 
also seen. A 
larger building 
is illustrated in 
122, having the 
floor covered 
with- overhead 
' . electric, travel- 

D LADLIS ' ' ■ 

ing' metal and 

.large moulding and castingB. It will be 



.large moulding 


afterwa;^ a epat otsand and blackenit^^v or. observed' that on the left wail, jib cranes are 


loam blablphffif^ ; 

dried, the smalTer by being laid face down- 
wards joyer A cohe flre> the larger by having a 


provided, for use while the. travellen. ore busy 
in other directions. 

JOSEPH G. HORNEE 




122. INTERIOR OF TYPICAL IRON FOUNDRY, WITH OVERHEAD TRAVELLERS AND WALL JIB CRANES 
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Spanish: The Tenses of the Subjunctive. The Passive Voice. « 

French : The Verb. German : Comparison of Adjectives. Numerals. 


SPANISH 

' Use of the Tenses of the Subjunctive. 

The tense of the subjunctive mood to be used 
when translating into Spanish the subordinate 
clause of a compound phrase is generally 
determined by the temso employed in tho 
principal clause. Thus ; 

(1) If the leading verb is in the present or 
future indicative, the present or compound past 
of the subjunctive (according to tlie original 
sentence) should bo employed . — probahhmente 
leaconsejardn d Vd. que. les escriha lo antes posible^ 
they will probably advise you to write to them 
as soon as possible ; me alegro de que Imya venido 
Vd., I am glad you have come. 

(2) If the principal verb is in the compound 
past or compound future of the indicative, the 
verb of the dependent clause should be con- 
jugated in the present of the subjunctive *. — el 
gerenle le ha ordenado que los envie inmediaM- 
mente, the manager has ordered him to send 
them at once; ya le habrdn ordenado que regrese d 
LondreSf they will have already ordered liim to 
return to London. 

(3) If tho verb in tho prinoi])al sentence is in 
the past indicative or conditional, the second 
verb should be employed in the imix>rfcct 
subjunctive . — no le permitimos que aaliese^ 
we did not permit him to go out; iemia qne 
no llegara d tiemjjo, I was afraid he might not 
arrive in time ; me Imbian nconsejado que lo 
aceplase, they had advised me to accc^pt it; 
le hablaria si lo conocie^e^ I should speak to him 
if I knew him. 

(4) When the first verb is in the imjx^rfcct 
subjunctive preceded by the conjunction .n, the 
subordinate verb must be employe<i in the 
conditional.— si lo vendiera lo compraria, should 
he sell it, I should buy it. 

(.5) If the leading verb is in tho pluperfect 
subjunctive, the second verb must be con- 
jugated in the same tense . — si lo hubiera sabido 
yo tambien hxtbiera ido, had 1 known it, I should 
also have gone. 

The student need not learn the use of the 
future subjunctive, as this tense is very seldom 
met with in literature, and never in ordinary 
conversation. It can almost always be substi- 
tuted by another tense without any essential 
alteration in the meaning of the sentence. 

Exercise XL 

a term un plazo postcard postal 
to request rogar the parcel el paquete 

disengaged desocupado to call llamar 
to come down bajar 
the mistake la equivocacidn 

to let one know, auisar 
to keep one’s word cumplir la palabra 


By Jos^ Pld Cdrceles, B.A. 

1. We shall not pay unless you give us the 
receipt. 2. Please send mo a Udegram as soon as 
you receive the parcels. 3. The cashier will 
check the books again so that there may be no 
mistakes. 4. They will not sign tho contract, 
although they have promised to do so {hacerlo), 
5. It it a pity ho has not come today. 6. If 
he asks for me, tell him to wait at (en) tho 
station. 7. Let mo know when she comes 
down. 8. She will not learn it unless it is very 
easy. 9. At what time do you want us to call 
you ? 10. Please call me at seven o’clock sharp. 

11. If they were in London I should pay them a 
visit. 12. I think your friends will arrive before 
we finish the letter. 13. I doubt whether they 
will keep their word. 14. We should rent that 
house if it were not so expensive. 15. Will it 
be necessary (for) mo to take another ticket 
there ? 16. 1 think it would be better if you took 

a return ticket at this station. 17. 1 should like 
(me guMaria) to know his new address. 18. It 
is possible that they do not s]x*ak Spanish. 19. 
I will explain it to you when J have more time. 
20. I am very sorry (sienlo m ucko) that she is so 
ill. 21. We request you to grant, him a longer 
term. 22. We arc sure he will pay as soon as 
you send him the invoice. 23. I should buy one if 
they were not so large. 24. W'e want you to give 
us your opinion. 25. Passengers are requested 
(.s*e raega d los pa^ajeros) not to smoke in the 
cabins. 26. Do you want me to change it ? 

27. I shall let you know when T am disengaged. 

28. It was not nect^ssary (for) them to reydy 
at once. 29. Had th(;y replied by return of post, 
we should have sold the goods at better prict's. 
30. fc^end me a postcard kist T should forget (it). 

Passive Voice, The Spanish passive voice 
is formed, as in English, by placing the different 
tenses, single or compound, of the verb ser (to be) 
in front of the past participle of all transitive 
verbs. Thus, from the active verb casiigar (to 
punish) the passive verb ser castigado (to be 
punished) is obtained. 

In all passive sentences tho past participle 
takes the gender and number of tho substantive 
or substantives to which it refers . — los prisiori’ 
eros fueron canjeados al amanecer, the prisoners 
were exchanged at daybreak. In compound tenses 
only the past participle of the transitive verb 
.undergoes the change, thaWf the verb “ to be ” 
being unchangeable . — las mejoras han sido 
realizadas sin grandes gastos, the improvements 
have been carried out without great expense. 
In phrases of this kind the preposition “ by ” 
is generally translated por, unless the verb 
expresses an act of the mind, in which case it is 
often rei^dered by de. 
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As we have already seen [see page 2491 ], many 
imp^sonal sentences which in English are 
constructed in the passive voice must be trans- 
lated into Spanish by the reflective form of tho 
verb, a construction which is not so often 
used when the verb expresses a mental action 
and its object is a person . — las vomits del idiomn 
ingles no siempre se pronvneian del mismo tnndo, 
the vowels of the English language are not always 
pronounced in tho samcj manner ; en esa casa^ cl 
padre es mucho mas respeUulo (jue la madre, in 
that house the father is mucli more respected than 
the mother. En esa casa se respeta mucho mas 
al padre que d la inadre would also be correct. 


Exercise XLF 
recompensar to • praise 
to emjdoy 


to reward 
to treat tratar 
to acclaim aclamor 
to sentence sentenchir 
to promote ascender 
to hate odiar 
to elect elegir 
to legalise legalizar 
to dismiss despedir 
to defeat derroktr 
to belove amar 
the protest la protesta 
a tenor un tenor 
a war tma guerra a marquis 
a picture vn cuidro the owner 
the will eliestamento’d colony 
the coast 


t he s Tvice el servicin 
a casualty vna baja 
an Indian vn indio 
the consideration 
tho generosity 
the behaviour 
to communicate 
the imprisonment 
the independence 
c* very body 
cordially 
silver mines 
in due form 
the authority 
a forger 
utterly 
bloody 

revolutionary 
both of them 
a member of Parliament 


eloginr 
emplear 
to avoid evitar 
to improve mejorar 
to recognise recmocer 
to admire admirar 
to des('rve merecer 
to forge Jalsificar 
to applaud aplaudir 
t(j amount ascender 
t he kindness la bondad 
the minister el ministro 
tlie troop la tropa 

vnmarqius 
el dueiio 
una col 071 ia 
la CA)sla 
vn virreg 
municipal 


a vi(;eroy 
municipal 
la consideracion 
la generosidetd 
la conduct a 
coniunicar 
la prlsion 
la hfdependevcia 
todi) el 77iuudo 
cordiahnente 
7 tiinas de plata 
en debida forma 
la auioridad 
un falsijicador 
co7npleta7netile 
sangriento 
revol ucionario 
los dos 
V7i dipiitado 


A provincial governor un gobernador de livovincia 
in his progress through d su paso par 
an accomplished fact vn hecho cx)7isu7nado 
South American republics Republicas 8ad~ 

Americxinas 


1. They (fern.) have not been rewarded by the 
owners with as much generosity as they hoped. 
2. His last picture was admired and praised by 
everybody. 3. The hew members of Parliament 
were elected in the {al) following year. 4. The 
protest was signed by all the officials of the 
company. 5. She has not been treated with all 
the consideration and kindness (that) her be- 
haviour deserves. 6. They would have been 
employed in the colonies. 7. All the Ministers 


were called to the palace. 8. The ne\KS was 
communicated by tek'graph to all the provincial 
governors. 9. The documents were It'galised in 
due form, so as to (pam) avoid their laung forg('d. 
JO. The king was acclaimed in his progress 
through the streets of the town. Jl. The 
forgers of tho first will were then sentenced tv) 
five years (^/e) imprisonment. 12. His sister will 
be dismissed one of these days. 13. T think tht 
new authorities will be cordially received. M. 
All the rnunieipal services have been improved in 
the last ten months. 15. Tho tenor sang very 
well, and was very much applauded that night. 
It). Both of them were ])romoted at the same 
time. 17. The revolutionary troops have been 
utterly defeated near the coast. 18. It is said 
that this battle has been the bloodiest of the 
whole war. The casualties of both sidt's amounted 
to 8000 men. 19. 'Phe independence of the 
South American republics was recognised by 
the United States as an aee()mi)lished fact in 
1822. 20. The Marquis of Mancera, who had 

been ap[)ointed Viceroy of Pctu in 1039, was as 
much beloved by tho Indians as (ho was) hated 
by the owners of the silver-mines, and feared by 
the encmi(‘S of Spain. 

Re ADI NO E X ERCI S B 

El 7 do Juni<^ es una fecha dc eiuenta reeorda- 
cion en los fastos de Jamaica, put's inarea el dia 
en que tuvo lugar el (spantoso terreinoto dt; 
1092, en td cual pt'reeit'ron iiu'is de dos mil per- 
sonas. Manzanas enteras de casas, situadus 
en la parte dt* la eai)ital contigua al puerio, 
desaparecieron bajo el rugiente mar, y muehos 
barrios populosos vieronso en un santiain6n, 
reducidoH 4 un informo monton de eseombros. 
No se limito ol e8tra:o (i los arrabales de Port 
lioyal, piles la isla ioda exj)erimoni6 los de* 
sastrosoH efeetos del cataelismo ; moles ingen tt's 
sc desgajaron de las montaiias, y en mueluss 
parajes abrieronse enormes grietas, qiit', a I 
soldarse, sepullaron en las entranas do la lierrcj 
caserios enteros, dt'sviamlo el curso de los not’, 
y hacieiido brotar munantiales nuevos. ]’]l 
gran nunitu’o de cad6,v(uvs inst^pultos, expu(\stos 
en las calles 4 la aecion del calor intense, quit 
siguio 4 la cat4strofe seisinica, ocasiono una 
horrible ])estiloncia, quo [)r(xlujo casi tanta 
mortandad eonio el mismo terreinoto. (Jomo si 
esto no fuera ya bastante, un nuevo azote se 
eemio sobre la malliadada isla ; los jiiratas 
francescs cayeron sobre los puertos del norte. 

Translation of Reading Exercise 

Juno 7 is a date of fateful import in tho annals 
of Jamaica, recalling as it docs the terrible 
earthquake of 1692, in which more than two 
thousand persons perished. WholtJ blocks of 
houses in the capital lying near the port dis- 
appeared beneath the devouring waves, and 
many thickly populated quarters were rediiitcd, 
with extraordinary suddenness, to shapeless 
heaps of d6bris. Nor was the havoc confined 
to tho suburbs of Port Royal, for the whole of 
tho island shared tho disastrous effects of the 
cataclysm. Hugo rocks were lorn from the 
mountain sides ; enormous clefts opened in 
many places on tho surface of the island, and 
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wholo^ hamlets were buried ii^ the bowels of the 
earth ""as the chasms recloscd. Rivers forsook 
their old courses, and new springs gushed from 
the disturbed surface of the island. In the city 
hundreds of corpses lying unburied in the streets, 
exjxised to the intense heat which followed in 
the wake of the convulsions, gave rise to a 
horrible pestilence, which claimed as many 
victims as the earthquake itself. As though 
these misfortunes were not sufficient, a fresh 

te fell u|>on the stricken island ; for the 
i pirates attacked the northern ports. 

Key to Exercise XXXVIT (Page 2763) 

1, cambie, cam bias, cambie, cambiemos, 
cambieis, cambien. 2. cosa, cosas, cosa, 
cosamos, cosais, cosan. 3. viva, vivas, viva, 
vivamos, vivais, vivan. 4. venda, vendas, 
venda, vendamos, vendais, vendan. 6. alquile, 
alquiles, alquile, alquilemos, alquileis, alquilen. 

6. haya, hr|yas, haya, hayamCs, hayais, hayan. 

7. escriba, escribas, cscriba, escribamos, escri- 
bais, cscriban. 8. sea, seas, sea, seamos, 
seais, sean. 9. conteste, contestes, conteste, 
contestemos, contestcis, contesten. 10. coma, 
comas, coma, comamos, comais, coman. 

Key to Exercise XXXVTII (Page 2899) 

1. entregara, entrogaras, entregara, entreg^- 
ramos, entregdrais, entregaran. 2! aprendiese, 

Conti 

FRENCH 


je suis 

^tre. To Be. 

Indicative. 

Simple Tenses. 

Present. 

I am, etc. 

nous sommes 

tu es 

tons etes 

ily elle est 

,ihy elles sont 

j'Hais 

Imperfect. 

I was, etc. 

nous Hions 

tu Hais 

vous Hiez 

ily elle itait 

ilsy elles Haient 

je jus 

Past Definite. 

I was, etc. 

nous fihnes 

tu jus 

vous f ates 

ily elle jut 

ilSy dies furent 

je serai 

Future. 

I shall bo, etc. 

nous serons 

tu seras 

vous serez 

ily elle sera 

ils, elles seront 

fai He 

Compound Tenses. 

Past Indefinite. 

I have been, etc. 

nous avons Hi 

tu as Hi 

vous avez Hi 

ily elle a Hi 

ils, dies ont Hi 

j*avais Hi 

Pluperfect. 

I had been, eto. 

nous avions 'Hi 

tu 

vous aviez Hi 

ily Wif%vaU 

di, ' Hsj dXis' ^ient 




aprondioses, aprendiese, aprendidsemos, apren-** 
didseis, aprendiesen. 3. embaro^a, embarcaras, 
cmbarcara, embaredramos, embaredrais, exftbar- 
caran. 4. cancelase;^ cancelases, cancelasc, can- 
celdsemos, canceldseis, cancelasen. 5. emitiera, 
emitieras, emitiera, emitidramos, emitidrais, 
emitieran. 6. esoribiese, esoribieses, escribiese, 
escribidsemoB, escribidseis, escribiesen. 7. fuera, 
fueras, fuera, fudramos, fudrais, fueran. 8. 
temieso, temieses, temiese, temidsemos, temidseis, 
temicsen. 

Key to Exercise XXXIX 
1. cstd, estds, estd, estemos, esteis, estdn. 
2. can tare, cantares, cantare, cantdremos, 
cantdreis, cantaren. 3. perdiera or perdiose, 
perdieras or perdieses, perdiera or perdiese, 
perdidrarnos or perdidsemos, perdidrais or 
jierdidseis, perdieran or perdiesen. 4. prometiere, 
promcticres, prometiere, prometidremos, jirome- 
tidreis, prometieren. 5. haya, hayas, haya, 
hayamos, hayais, hayan. 6. viajase, viajases, 
viajase, viajdsemos, viajdseis, viajasen. 7. 
discutiere, discutieres, discutiere, discutidremos, 
discutidreis, discutieren. 8. surtiera, surtieras, 
surtiera, surtidramos, surtidrais, surtieran. 9. 
responda, respondas, responda, respondamos, 
I'ospondais, rospondan. 10. firmare, firrnares, 
firmare, firmdremos, firrn&reis, firmaren. 
vupaI 

By Louis A. Barb4, B.A. 

Past Anterior. 

I had been, etc. 

feus etc ^ nous eutnes ete 

tu eus He * vous elites He 

il, elle eut He its, elles eurent Hi - 

Future Anterior. 

I shall have been, etc. 
faurai He nous aurons He 

tu auras He vous aurez He 

»7, elle aura He ilSy elles auront He 

Conditional. 

Present. 

I should be, etcr 

je serais nous serions 

tu serais • vous seriez . 

ily elle serait Us, elles eeraient 

Past. 

I should have been, etc. 
faurais He nous aurions He 

tu aurais Hi vous auriez Hi 

ily elle aurait He ilSy elles auraient Hi 

Imperative. 

Present. 

soisy be (thou) . ^ 

qu'il soity qu'elle soity let him be, let her bo 

soyonsy let us be 

soyezy be (ye) 

quHls soienty qu'eUes soient, let them be 
' Subjunctive. 

Present, 

That I may be, etc. 
que je sois que nous soyons 

que tu sois que vous soyez 

qu'ity qt^eUe soit qubits, qu^eUes soieni 
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Imperfect. 

• ^ That I might be, etc. 
que je fusse que nous fiissions 

que tu fusses qve t'oiis fussiez 

qn'ilf qu'elle fiit qu'ils^ qu'elles f assent 

• Past. 

That I may have been, etc. 
que faie ete que nous ayons He 

que tu aies He que vous ayez He 

quHl, qu'elle ait He quails, qa dies aient He 
Pluperfect. 

That I might have been, etc. 
que feusse He que nous eussions He 

que tu eusses He que vous eussiez He 

quHlf qtC die eat He quHls^ qu'elles eussait He 

Infinitive. 

Present, Past, 

itre, to bo avoir He, to have been 

Participle. 

. Present. 

Hant, being. 

Past. 

He, been ; ayant He, having been. 

Remarks. 1. The past participle He is always 
invariable. Ptre is sometimes used im])ersonally 
instead of y avoir : 

II etait an roi d'Yvdot, peu connu dans 
Vhistoire, There was a king of Yvetot, little 
known in story. 

II Hait une fois un roi et une reine qiii avaient 
un fils beau comme le jour. There were once a 
king and queen who had a son beautiful as 
the day. 

2. fjtre a, followed by a noun or personal 
pronoun, moans “ to belong to.” 

Ce livre-ci est <l moi, celuidd est d mon ami. 
This book belongs to me, that one belongs to 
my friend. 

3. Mre d mime de, followed by an infinitive, 
means “ to bo able to,” “ to be in a position to ” : 
II est d mime de nous aider. He is in a ])osition 
to help us. 

4. ijtre d, followed by the active voice, is 
equivalent to the English construction in which 
“to be” is. followed by a passive infinitive: 
II est d craindre. Ho is to bo feared ; vous etes d 
plaindre. You are to be pitied. 

5. Y etre is used idiomatically, soniotiines with 
the meaning of “ to bo at home,” sometimes 
with that of “ to be ready,” “to understand”: 
Pai hesoin de purler d votre frere ; y est-il ? 
Non, it n'y est pas, I want to speak to your 
brother ; is he at homo ? No, ho is not at 
home. 

Y ites-vous ? Oui, fy suis, Are you ready ? 
Yes, I am ready. 

6. The expre.ssions itre hien avec and itre mal 
avec mean “ to be on good terms with,” “ to 
be on bad terms with’^: II est bien avec tout 
le monde. He is on good terms with everybody. 

7. “To be,” referring to the state of health; 
is not rendered literally by itre, but cither by 
the reflexive verb se porter, to carry oneself, or 
by alter, to go : How are you ? Comment vous 
pgrtez-wus? or more usually Comment allez-yous? 

8. *^o be.” is rendered by vahir in the 
expression “ to bo better (proferablo) ” ; It is 


better late than Aover, II vavz mieux tard que 
jamais. 

• No pas ]^tre, not to ho. 


Indicative. 


Present. 

je ne suis pas, etc. 

Imperfect, 
je n'ilais pas, etc. 

Past Definite, 
je ne f us pas, etc. 
Future. 

je ne serai jhis, etc. 


Past Indefinite, 
je n'ai pas He 

Pluperfect, 
je n avals pas He 
Past Anterior, 
je n'eus pas He, eic. 

Future Anterior, 
je n'aurai pas He, etc. 


Conditional. 

Present. Past, 

je ne serais pits, etc. je n'aurais pas He 


Imperative. 

Present. 

Ne sois' pas 

qu'il ne soil pas, qu'clle ne soil pas 
Ne soyons pas 
Ne soyez pas 

qu'ils ne soient pas, qu'elles ne soient pas 


Subjunctive. 

Present. Past, 

que je ne sots pfis, etc. que je n'aie jmis He, etc. 

Imperfect. Pluperfect, 

que je ne fusse jhis, etc. que je neusse pas He, etc. 


Infinitive. 

Present. Past, 

ne pas etre ne pas avoir He 

Participle. 

Present. Past. 

n'Hant pas n' ayant pas Hi 

£tre, conjugated intcrrogativ(*ly. 


iNDiavnvK. 


Present. 

suis-je ? 
est-il, est- die ? 

Jm perfect. 
Hais- je ? 

Past Deliiiite. 
fus- jc ? 

Future, 
serai- je ? 

Con 


Pa.'it Indefniile. 
ai-je He 

a-t-il He, a-t-dle He ? 

Pluperfect, 
avais-je He ? 

Past Anterior, 
eus-je He ? 

Future Anterior, 
aurai- je He ? 

I'lONAL. 


Present. Past, 

serais- je ? aurais-je He ? 

l^tre, 

conjugated interrogatively and negatively. 
Indicative. 


Present, 
ne suis-je jhis i 
n' est-il pas ? 
n' est- die pas ? 

Imperfect, 
n' Hais-je pas ? 

Past Definite, 
ne fua-je jhis ? 

Future, 
ne serai-je pas ? 
ne sera-t-il pas ? 
ne eera-t-dle pas / 


Past Indefinite, 
n' ai-je pas ete ? 
n'ad-il pas He ? 
n' a-t-dle pa.9 He ? 

Pluperfect, 
n' avais-je pas Hi ? 

Past Anterior, 
n'ejis-je pas He ? 

Future Anterior, 
n' aurai-je pas Hi ? 
n'aura-t-il pas He f 
n'asira-t-eUe pas He ? 
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Conditional. 

Present, Past, 

ne serais-je pas ? n"aurai-je pas Uk f 

In English, a positive statement followed bv 
the negative-interrogative form of “ have,” “ be,” 
or one V of the modal auxiliaries “do,” “can,” 
“ ought,” “ should,” etc., is used to indicate that 
the answer “ Yes ” is expected. In French, the 
one expression N'est-ce pas ? is used, whatever 
be the auxiliary, the tense, or the person : 

He is a friend of yours, is he not ? C'est un 
de VOS amis, n'est-ce pas ? 

You speak French, do you not ? Vans parlez 
frangais, rCest-ce pas ? 

Ho wrote to you last week, did he not ? 
II vous a ecHt la semaine dernier e, n'cst-ce pas ? 

They will bo there, will they not ? Ils y 
serorU, n*est-ce pas ? 

Exercise XXII. 

1. Whose books are those ? They are my 
brother’s. 

2. I wanted to speak to your father, but he 
was not in. 

3. The ass is temperate (sohre) and patient ; 
it would bo the handsomest of domestic animals 
if there were no horse. 

4. The Gauls {Oaulois) were brave and strong 
(robnste), 

5. Marshal Lannes had been (a) dyer ; Marshal 
Noy was a cooper before being (to be) (a) soldier. 

6. The father of the philosopher (phihsophe) 
Diderot, and that of the historian (historien) 
Rollin were cutlers (covteliers). 

7. Pardon is better than revenge (la vengeance), 

8. The Romans (Romains) were the masters 
of the world (le monde). 

9. There were once two men who were very 
poor and very wretched (malhevreux). 

10. The first was blind (aveugle) from his 
birth (de naissance) ; the second was paralysed. 

11. They were both incapable of doing (jaire) 
anything. 

12. The blind (man), who was strong, carried 
\porta) the paralytic (paralytiqtie). 

1 3. The paralytic, who was endowed (done) with 
(a) good sight (la vue), guided (dirigea) his 
companion. 

14. Alone they would have (Ure) died (morts) 
of hunger. 

15. United (unis) they wore able to gain their 
living (vie). 

Regular Verbs 

1. There are four conjugations, distinguished 
from each other by the ending of the infinitive, 

2. The infinitive of the first conjugation ends 
in er, as donner, to give. 

3. The infinitive of the second conjugation 
ends in ir, as finir, to finish. 

4. The infinitive of the third conjugation ends 
in oir, as recevoir, to receive. 

5. The infinitive of the fourth conjugation 
ends in re, as venire, to sell. 

6. Regular verbs are those of which all the 
tenses are formed uniformly from the primitive 

. tei^ses, or principal parts. 

t, The primitbe tenses, or principal parts, are 
five 4 (a)if Afi, f^esent of the infin^ive, . (b) the 


present participle, (c) the past participle, (d) 
the present indicative, and (e) the paM definite 

8. For each of the conjugations the principal 
parts are as follow ; 

First Conjugation : donner, donnard, d6nne, 
je donne, je donnai. 

Second Conjugation: finir, finis'sant, fini, 
je finis, je finis. 

Third Conjugation : recevoir, recevant, re^u, 
je reQois, je re^us. 

Fourth Conjugation : venire, vendant, vendu, 
je vends, je vendis, 

I. From the present of the infinitive are formed: 
(a) the future indicative, and (h) the present 
conditional by changing r of the first and of the 
second conjugation, oir of the third conjugation, 
and re of the fourth conjugation into rai, ras, ra, 
rons, rez, ront for the future, and into rats, rais, 
rail, rions, riez, raient for the conditional : 


Donne-r 
Future, 
je donne-rai 
tu donne-ras 
il donne-ra 
nous donne-rons 
vous donne-rez 
ils donne- ront 
Conditional 
je donne-rais 
tu donne-rais 
il donne-rait 
nous donne-rions 
mus donne-riez 
ils donne-raient 
Recev-oir. 


Fini-r 
Future, 
je fini-rai 
tu fini-ras 
il jini-ra 
nous fini-rons 
vous fini-rez 
ils fini-ront 
Condi'.ional 
je fini-rais 
tu fini-rais 
il fini-rait 
nous fini -rions 
vous fini-riez 
ils fini-raient 
Vend-re. 


Future, 
je recev-rai 
tu recev-ras 
il recev-ra 
nous recev-rons 
vous recev-rez 
ils recet-ront 


Future, 
je vend-rai 
tu vend-ras 
il vend-ra 
nous vend-rons 
vous vend-rez 
ils vend-ront 


Conditional 
je recev-rais 
tu recev-rais 
il recev-rait 
nous recev-rions 
vous recev-riez 
ils recev-raient 


Conditional, 
je vend-rais 
tu vend-rais 
il vend-rait 
nous vend-rions 
vous vend-riez 
ils vend-raient 


Exceptions : 1. First Conjugation— to 
go ; future, j'irai ; conditional, j^irais. 

Envoyer, to send ; future, j'enverrqi ; con 
ditional, j'enverrais. 

2. Second Conjugation: Acquerir, to acquire ; 
future, j'acguerrai ; conditional, j'acquerrais. 

Courir, to run ; future, je courrai ; conditional, 
je courrais. ^ 

Cueillir, to gather ; future, je cueillerai ; 
conditional, je cueillerais. 

Mourir, to die ; future, je mourrai ; con- 
ditional, je mourrais. 

Tenir, to hold ; futuie, je tiendrai ; conditional, 
je tlendrais. 

Venir, to come ; future, je viendrai ; condi- 
tional, je viendrais, 

3. Third Conjugation: Asseoir, to seat; 
.future, fqssiiraii conditional, fasaiirais. 
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Avoir^ to have ; future, faurai ; conditiotial, 
ffiuraia. 

FcUloir, to be necessary ; future, %l faudra ; 
conditional, il faudrait, 

Sdvoirf to know-, future, je saurai ; con- 
ditional, jesauraia. 

Vcdoir, to be worth ; future, je vaudrai ; 
conditional, je vaudrais. 

Voir, to see ; fdturo, je verrai ; conditional, 
je verrais. 

Vouloir, to wish ; future, je vovdrai ; con- 
ditional, je voiidraia. 

4. Fourth conjugation : Ftre, to be ; future, 
je aerai ; conditional, je serais. 

Fairs, to make ; future, je ferai ; conditional, 
je ferais. 

II. From the Present Participle are formed 
(a) the three persons plural of the Present 
Indicative, by changing ant into ons, ez, ent ; 
but the third person plural of the third conju- 
gation has the further change of c into oi in 
the penultimate syllable : 


Donn-ant 
nous donn-ons 
vous donn-ez 
its donn-en. 

Recev-ant 
nous recev-ons 
vous recev-ez 
Us {re^oiv-ent) 

Exceptions : 

1 . First Conj u gat ion 
vont. 


Finiss-ant 
nous finiss-ons 
tovs finiss-ez 
Us finiss’Cnt 

Rend-ant 
nous rend-ons 
vous rend-ez 
Us rend-ent. 

AllanJt, going ; ila 


2. Third Conjugation : Ayant, having ; noua 
avona, vous avez. Us ont. 

Sachant, knowing ; nous savons, vous savez. 
Us aavent. 

3. Fourth Conjugation ; itant, being ; nans 
sommes, vous ites. Us sont. 

Disant, saying ; vous dites. 

Faisant, making ; vous faites. Us font. 

(b) The Imperfect of the Indicative, 
by changing ant into ais, ais, ait, ions, iez, 
aient. 


Donn-ant 
je donn-ais 
tu donn-ais 
il donn-ait 
■ rums donn-ions 
' wma donn-iez 
ila donn-aient 


Finiss-ant 
je finiss-ais 
tu finiss-ais 
il jiniss-ait 
nous finisS‘ions 
vous finiss-icz 
Us finias-aient 


Recev-ant 


Vbnd-ant 


je recev-aia 
tu recev-aia 
it recev-ait 
nous recev-iona 
voua recev-iez 
ila recev-aient 


je vend-aia 
tu vend-aia 
il vend-ait 
nous vend-ions 
vous vend-iez 
Us vend-aient 


Exoeptibns : 

Third Conjugation : Ayant, having ; j'avaia, 
6to. ; aaeharUf knowing ; je aavaia, etc. 

(c) The Present Subjunctive by changing 
e, ea, e, iona, iez; ent; but, in the 
thita '^honjugation the three persons of the 


singular, and the third person plural require 
the further change of the e of the penultimate 
syllable into oi. The preceding c t!ion takes 
a cedilla. 

Donn-ant. 
que je donn-e 
que tu donn-es 
quHl donn-e 
que nous donn-ions 
que vous donn-icz 
q'U Us donn-ent 

Recev-ant 

que je (re^oiv-e) 
que tu {reQoiv-es) 
qii’il (re^oiv-c) 
que nous recev-inns 
que vous recev-iez 
quails {re^oiv-ent) 

Exctqitions : 

1. First Conjugation: Allanl, going; que 
j'aille, que tu ailles, quHl aille, quHls oillent. 

2. Second Conjugation : acquerant, acquiring ; 
que j'acquiere, que tu aryitieres, qu'il ac^uiere, 
quails acquierent. 

Mourant, dj^ng ; que je nieure, que tu meures, 
quHl meure, quails meurenf. 

Tenant, holding ; que je tienne, que tu tiennes, 
quit tienne, quits tiennent. 

Venant, (joining ; que je vienne, que tu viennes, 
qu'il vienne, quits viennent. 

3. Third Conjugation : FatlarU (not used), 
it being necessary ; qu'il faille. 

Mouvant, moving ; que je meuve, que tu 
meuves, quHl meuve, q id its meuvent. 

Pouvant, being able ; que je puisse, que tu 
piiisses, qu'il puisse, que nous puissions, que 
vous puissiez, quHts puissent. 

Valant, being worth ; que je vaille, que tu 
vaille^, qu'il vaille, quHls vaillerU. 

Voalant, wishing ; que je veuille, que tu 
veuilles, qidil veuille, qidils veuillent. 

4. Fourth Conjugation : Ftant, being ; que 
je sois, que tu sois, qiiil soit, que nous soyons, 
que vous soyez, quails soieiU. 

BuvarU, drinking ; que je boive, que tu hoives, 
qidil boive, qiiils boivent. 

Faisant, making ; que je fasse, que tu fasses, 
quit fasse, que nous fassions, que vous fassiez, 
qidils f assent. 

Only three verbs— efre (to be), pouvoir (to 
bo able), and faire, (to make) are irregular 
throughout the whole of th(? present subjunctive: 
que je sois, que je puisse, etc ; que je ftsse, etc. 
In none besides these are the first and second 
persons plural irregular. 

Key to Exercise XXI. 

1. Ils avaient peur do nous, mais ils aiiront 
encore plus peur de ^oiis. 

2. N’ont-ils pas honte U j lour conduito ? 

' 3. Nous aurions raison, et vous auriez tort. 

4. Nous avons eu bicn froid. 

6. N*y avait-il pas quelqu’un dans la mxison ? 

6. Quel ago cot enfant tf-t-il V 

7. 11 aura douze ans le mois prochain. 
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Finiss-ant 
que je finiss-e 
que tu finiss-es 
quit finiss-e 
que nous finiss-ions 
que vous finiss-iez 
qu'ils finiss-ent 

Vend-ant 

. que je vend-e 
que tu vend-cs 
qu'il vend-e 
que nous vend-ions 
que vou'i veml-iez 
quits vend-ent 
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8 . 11 a un pcu plus de deux* ans de plus quo 15. Ils auraient eu moins pour de chat quo 

sa scour. du chien. • 

9. Avez-vous bien faim? Non, meroi, mais 16. Quand a eu lieu la premidro representa- 

j’ai bien soif. tion de cette comedie ? 

10. 8 ’il n’y avail pas do feu, novs aurions 17. Elle a eu lieu il y a un pen plus de six 

bien froid. niois. ’ • 

11 . Je n’ai jamais eu plus froid ai.x mains. 18. Si vous avez besoin d’uu dictionnaire, 

12 . N’aurez-vous pas trop chaud si pres du prenez le mien, mais ayez en bien soin. 

feu ? 19. 11 y a dix minutes que nous vous at- 

13. J’ai eu seize ans il y a quinzo jours. tendons. 

14. Qu’avaient ces enfants ? Ils avaicnt 20. Vous auroz beau dire ; on ne vous croira 

j:eur de ce gros chien. pas. 

Continued 


GERMAN By P. G. Konody and Dr. Osten 

LV. Comparison of Adjectives. As U'cUnihvfU poor, arm-cr, arm-ft ; but bliitvn’ni, 
in English, the comparison of suj)eriority of amemic (also miserably poor, poor as a cliurch- 

(luality, in monosyllabic and in many dissyllabic mouse), blutarmcr, blutaviiift; ivaviii, warm, U'avuur, 

adjectives (also in participles and adveibs), is U'druift ; but brii^U'antt, boiling hot, bviUpiMYUicr, 

cxpresseil by the addition of the suflixes -r or -cr brul)U'annft, etc. 

in the second degree or comparative, and -jl or In several adjectives both forms of comparison 
-fft in the third degree or superlative. Examjdes : (with and witlnnit moditied vowel) are employed 

trcilb bold ; treift-er, bolder : bveift-eft, boldest. alternatively : blap, pale, bldlK^*» bldffiftr or blaper, 

The is either used attribuliyely with blaffcft; i^cfunb', he.altliy, liter, i^efunbeft, or 

the definite article (ber, bie, ba»j brcift-cftc, the i^cfuiibcr, i^cfunbrft; but the comparative and 

boldest), and with the inflections of gender and superlative without moditication of the vowel is 

declension ; or predicatively, preceded by the generally preferable. 

dative proposition am (3) with the corresponding 3. Ihukoular Comparison. The comparison 

termination of the dative. Examjdes ; (attri- of the following a<ljoctives is irregular : 
buUvc) let the widest _ua)lo: 1 , heeb, high; 2 , lu'bcv ; 3 , l;od>ft (the c is 

dicative) ber ifd) ijl iim (3) brcit-e|tcu (dative), omitted in the comparative) ; 

the table is tlie widest lamong those compared]. nga,. . 2 , miljcr ; 3 , iiiidift (a c is added 

1 . In accordance witli the rule of euphony in the supeHative) ; 

the comparative adjectives and adverbs ending 1 , pt, good; 2 , beffev; 3 , biff; 

in -c have only -r added to the positive ; all 1 , idcl, much ; 2 , melp- ; 3 , meift (the form 

others take -cv. For the same reason adjec- „mcl)rft" is scarcely used) ; 

tives ending in -cl, -.r, -cu often cast oil' the -e- 1 , tiering (mnitf), insigniticant, little; 2 , 9 eviiu^ev, 

in the comparative: cbcl, noble, cb(c)l-cr; nuilcc, " also m’.ibcr, U'ciiicj.r ; 3, t'icrim 3 ft, miubeft, 

dark, jinjl(c)r-cr ; offen, open, cjf(c)n*cr; mlaifcn, meui^ft;* 

dejected, v:rlafT(c)ii-er ; but the -c- is retained 1 , frid; (also cl;e), early ; 2 , friibev, c(;er ; 3, frubrfr, 
in bcfoiiucii, considerate, circumspect, bcfcuiicn-cr. el;cft (also erft). 

It must be reihembered that the adjectives 4 . The declension of the comparative and 
ending in -el, -cr, -cii, which cast off the -c- in tlie superlative follows the mode of declension of 

coiAparative, retain this vowel in the superli- the ixisitive. 

tiye : citcl, vain, citUr, but citclff ; Igitcv, merry, 5 . The Comparison of Eipiality occurs when 
l)i‘itrcr, ^citerft ; eben, even, level, ebuer, ebenfr. persons or objects whoso qualities arc compared 

2 . The superlative is formed by the addition of are of equal standing. It is formed by the 

-cjl when the positive terminates in -b, -t, or jwiiticle mic, like, as (denoting equality or simi- 

in the hissing sounds -g, * 5 : tuiib, round, larity), preceded by the demonstrative particle 

ninb-fjl ; narff, naked, nacft-cjl ; fup, sweet, fuji-cji ; fo or c beufo (as or just as), which is placed before 

nterfd^, brittle, morfcb-cjl; flcl^ proud, |tolt-cjl; the adjective. The adjective naturally stands 

in all other cases it is formed by the addition in the positive : Al?rc ivaveu fp blaii, mie 

of -fl : feiil, fine, delicate, fcin-|f ; lau^'fam, slow, bev .^immcl, her eyes were as blue as the sky ; 

lait^fam-jl. The superlative of great, grcf-efl mciii ^uub i|I ebciifo fliuv bet feiniflc, ray 
(with modification of the vowel) is generally dog is just as clever as his. After cbcttfo the 

used in the shortened form — attributively particle of superiority ale*, than, is also used, 

bet, bie, ba<5 and predicatively am ijtcptcu. but m i c is more correct. 

In the case of many adjectives — especially 6. In the Comparison of Superiority the con- 

raonosyllabica— the comparison is not only de- junction al«, than, is used : ft ift fleijiger 
noted by suffixes, but also by the modification al^ ic^, he is more diligent than I. The iwo 

of the vowel : flu^, prudent, flu^-et, fluft-ft ; jun^, conjunctions used with the comparison of 

young, iinu^-ft, iuttd-ft ; lan^, long, lan(\-ft. equality and superiority, mie and aU, are very 

m compeninda the same adjectives do modify frequently confounded, even by Germans 

the vowdi:- tofllflu^, worldly-wise, wtUflud^er, themselves. 
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The comparison of superiority is often inten- 
sified by the addition of such words as much : 

\jiel, very much ; bcbeu'teub, un'^emcin, urn m 
l^ebeii'rcnbc^, considerably ; chva«<, something, 
somewhat; ; U'eit, bfi tveiicm, far, by far ; trmiiV eiii 
wenivV a.little ; am meiftcii, mostly ; allcru'cniv^jifiici, 
least, etc. 

For reasons of euphony the adjectives ter- 
minating in -cr, when used attributively, often 
form the comparative with m c I) v, more, etc. — 
for instiinco, the clumsy comparative of bitter : 
ein bittevcr-er (ilofd)macf, a bitterer taste, is re- 
placed as in English by : ciii mcl)r bitterer Cyefcbmarf, 
a more bitter taste ; or by : ein (^eiHfjmarf \)on 
vpeferer 93itterfeit (a taste of gi*eater bitterness). 
For the same reason the clumsy superlative ()f 
adjectives ending in -ife^ is avoided by the use 
of fe^r, very ; augerfl, im'i^emciii, exceedingly ; 

most, etc. Instead of the superlative of 
fc^meici^'Cerifd), adulatory, cajoling— ber fd)nteic^ 
ictifc^-efle ; or of vb^nta'ftifd)— bev vl)autaftifd)-etle, 
it is better to use the circumlocution : ber fff)v 
(un^einein, l)cd)il, augevfl) fc^meicblertfdK, vOantaflifdK. 

LrVI. Numerals [see XXXII.]. The 
Ordinal Numerals, substantively or adjectively 
used with the detinite, and sometimes wit h the 
indefinite article, are derived from the Cardinal 


Numerals [page 2234], and are formed by the 
suffix -tc added to the numerals from I to 19, and 
-fte to all others. Exceptions to this rule are 
the ordinal numerals of 1, ciiut, 3, brei, and 8, ac^t, 
which are formed: ber cr fie, berbritte, bet 
a d; t e. Thus the ordinal numerals are : 


ber fteb^e()Utf 
ber ad)l,^ct)nte 
ber ncun.^f^nte 
ber ;\tran^u^ftc 
bev ciuimb- 

jivan.^i^fte 

etc. 


ber crfte t»er ncuute 

ber iitveite bet jef)nte 

ber br it te bev elfte 

ber vievte ber pvclfte 

bev funfte bev bre4^c()ute 

bev fcc^^te bev vievj;e()ute 

ber fiobcute ber funf^cl)utc 

bev ad^tc ber fec^^eljntc 

The ordinal numbers added to the names ut 
kings, etc., are written in Roman figures without 
the article, as in English, but when pronounced 
the article must not be omitted : T'ie maiieii 
^cinvid^ci VIIT. (the wives of Henry VIII.) i.s 
pronounced bie Jraueii ^>finri(^^ tciS ?ld»tcii. 

The declension of the ordinal numerals follows 
that of the attributive adjective [see XXVI. J. 
They can be employed as such with tlie indefinite 
article and the case ending : ber jeljnte, the tenth, 
and ein ^elptter. 

LVII* Derivatives of Numerals. 

From tlie cardinal numerals are derived : 

1. The Distributive Nuaiebals, by use of 
the adverb j c : ’c funf, by fives ; je ;^e^u, by tens, 
ten of each. This form Ls also employed with 
ordinal numbers : jc ber erfte, jc ber ;\el)nte, imply- 
ing the first, or the tenth, in each group. The 
distributive numerals are subject to declension. 

2. Ecxteiiatives are feumed by the addi- 
tion of the substantive -mat (times) : ein-mal, 
jirei-inal, brei-mal, etc., once, twice, thrice, etc, ; 
and also in connection with the indefinite 
nuiperals much; manci^, some; fein, none; 

several, a few. Examples : )9iet-ina(, 
many a time, often; ntanij^-mal, sometimes, 
fcin^mol, never; eintgr-tnale, several times: aUe- 


ntal, always ; cni pjar maf, a couple of times. 
When used as attributive adjectives, they are 
declined as such [see XXVI.J — t g. : nad? breis 
lualtyvcm 'Sturmlauf, after three assaults [thrice 
underbtkcnj ; baeiciuwalig-e ^i^iial (weak, with the 
definite article), and cci (Siipial (strong, 

without article) ^fiuu^tc. one .signal [the signal 
once given] sufficed. iWal is also applicable to 
ordinal numerals : j^um evffen, bvittcu male, 

etc., for the fir.st, second, third time, etc. 

3. Muj/riPT.icATivKs arc formed by the addi- 
tion of -fad), -frtliiy^ (nr. -faltic^), -fold, indicative 
of mulfiplicity : ,^Wfi-fad), brci-fad\ ^unbert-fadb, 
l)iinbcvt-faltt^, etc., twofold, threefold, a hundred- 
fold, etc. ; also with indefinite numerals : 
inelfad), ))iclfaltti^, inannuvafii)l. niannii^fad), many- 
fold. They are u.scd as ad jective.s and declined. 

4. Variativk Numerals are formed by the 
addition of the suffix -crlci, which indicates 
variety, kind, etc. : ciu-evlci, ^\vci-cvtci, of one 
sort, of two .sorts ; and with indefinite numerals : 
viel-erlci, maud^-evtci, mchv-crlci. all without de- 
clension and employed adverbially. 

5. D 1 STINCTIVE.S are derived from the ordinal 
numerals by the suffix or -entf (-ly) : cvftcn^, 
jU'citen^, brittcnc), firstly, secondly, thirdly, etc. 

fi. Fractional Numerals are formed by the 
suffix -te(, an^abbreviation of the substantive 
!Icil, part, added to the numerals from 1 to 19 
(the t is dropped in 8: lHd;t-fl; cin Tritfcl, one- 
third, is irregular) and -flel to the numerals from 
19 upwards: ein Suuf-tcfi one-fifth ; bai^ 9ld)t-fl, 
the eighth ; fin one-twentietli. The 

bi.soction of one (1) is denoted by ein .&alb (half) : 
fill -'Jubn, half a chicken (used adjectively 

and declined) : preieinbalb 'Ilfiinb, two pounds 
and a half. The division with halves can also be 
(!Xpres.sed by the direct amalgamation of bcilb 
with the ordinal numeral ; two and a half can 
be denoted by britt(f)bv4lb. in the sense of three 
with half of. the last unit missing ; inert(e)balb, 
three and a half, etc. One and a half is ex- 
pressed by anbfrtbvilb, vuibcv (the other one) being 
an ancient word for “ the second.” -tpii I b , half, 
and whole, when used as adjectives, are 

declined ; the other fractionals add only -a in the 
genitive singular, and roiiiain unaltered in all 
other cases. a I b never precedes the article, 
but must a'wajjs follow it: cine bv'ilbc Stiuibe, half 
an hour; fin balbci* .layv half a day ; etc. A^alb 
and Ohui^ take no article before geographical 
names: b^ilb ($utcva, half Europe ; ^Imeifra, 
the whole of America, etc. 

LVIII. The Indefinite Numerals, menic^, 
a little ; rici, much ; all, allc^, all ; cui paar, a few; 
finite, some, several ; jcber, jcglicber, jcbu'fbfi*, 
everyone ; maiid)fv, many a ; Fciner, none ; 
scveivil, are used as siibstuiitives and as attri- 
butive adjectives, and are declined as such. 
But weni^. little, and viel, much, remain at times 
undeelined when used poetically : il^tfl £teinf yv^be* 
(aab ««) imb meiiiy^ SslbcMaibe, literally transited: 
Much (instead of “many”) stones there wore 
and little (few) loaves of bread. Ojfnu^, enough ; 
nicbttf, nothing ; iug^efatnf, altogether ; mebt, 
more; wenijjfr, less, are not subject to declension, 
^eibe, Imth, is declined like an adjective and is 
never foUowed' by an article or pronoun: bie 
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beibcu Scanner, both men, bfit never beibe ble 
SWdimer ; mcine bribe n (»ol)ne, my two sons, 
but nob beice meine @61^ne. 33eibe is also used 
substantively : 33eibc tratcu e^rliif^e 9Jldnucr, both 
were honest men. 

EXAMINATION PAPER 

1. Which suffixes denote the comparative and 
the superlative in the comparison of 
superiority, and is there any difference in 
the suffixes thus employed in English and 
in German ? 

2. Which proposition must be used with the 
superlative of adjectives used predicatively ? 
What is then the case of the adjective ? 

3. How does the consideration of euphony 
affect the comparison of superiority of 
adjectives ending in -cl, -cn, -cr ? 

4. Which adjectives take the suffix -cjl in 
the superlative, and which only -ft ? 

5. What rule concerns the formation of the 
superlative of adjectives ending in -cl, -fi!, 
-cr, which cast off the -c- in the comparative / 

6. winch adjectives modify their stem -vowel 
in comparison, besides taking a suffix i 

7. When do they not modify their stem-vowel ? 

8. Which .adjectives are irregularly compared ? 

9. Which is the conjunction used for the 
comparison of equality, and by what other 
word is it generally preceded? 

10. Which conjunction has to be employed for 
the comparison of superiority ? 

11. How do the rules of euphony affect the 
formation of the comparative and super- 
lative of adjectives terminating in -cr ? 

12. How are the ordinal numerals from 1 to 19 
and from 20 upwards formed ? 

13. Which ordinal numerals correspond to the 
cardinal numerals 1, 3, 8 ? 

14. Which additions to the cardinal numerals 
serve to form the distributive, reiterative, 
multiplicative, variative, distinctive, and 
fractional numerals ? 

15. What dilference is to bo noted in the use 
of the article with the fractional numerals 
I;a(b, half, in English and in German ? 

16. What is the origin of the addition made to 
* the cardinal numerals in the formation of 

the fractional numerals, and how is this 
suffix spelt in the numerals from 1 to 19 and 
from 20 upwards ? 

Exercisk 1 (a). Form the comparative of 
the following adjectives: 

’Tier ift breit. Ta)5 @ci( ift bief. Ter UBcin 
The table is broad. Tlierope is thick. The wine 
tft fciii. Tie ffiefe viedit Ijerrlicb. Sfffir faufteu 
is fine. The rose smells splendidly. We bought 
fc^cnc S3lumen. Gr fal) trauri^ aiu^. Ter 4>immet 
beautiful flowers. He looked sad. The sky 
ift biiftcr. Ter QJaum ift faljl. Ta^ <Scblo§ wax lufe. 
is dreary. The tree is bald. The lock was loose. 
aHfin ’jPferb ift ebel. aWeiii $fcvb ift bcu ebler 
My horse is noble. My horse is of noble 
^^bftammung. Qt fanbte mir einen fliiifen ^cten. 
descent. He sent me a quick messenger.' 

fui Wlanfe^ a^abeben. Tie Jlerge brannte bell. 
I sa# a slender girl. The candle burnt brightly. 


SWein fabler ift Vreip wnb 3l)re0 ift i^clK 
My paper is white, and yours is yellow. ^ 
ytette fieute pnbet man felten. * 

Nice people are rarely (to be) found. 

(6) Transpose the following positives into the 
comparative and superlative : 

TJd ^I'fcrb hluft fdpiell. Tic (Scitnc* Stalicn^ 
The horse goes [runs] swiftly. The sun of Italy 
fd)cint l;ell. 3d) n>clpie na^e. Ter Ton flin^t 
shines brightly. I live near by. The note sounds 
vein. TasJ Jt'inb lernt peijivv Ter 50allon 
pure. The child studies diligently. The balloon 
ftci^t ^od). 
rises high. 

(c) (ffiange the following positives into super- 
latives : 

Ticfce! .ffinb ift eitcl. Tic (Strape . ivav ebeu. 

This child is . vain. The . road was level. 

Tie GJefe((fd)aft ift frol)Iid^ imb I;eiter. Ter tiefe 
The company is gay and merry. The deep 
5l3ninneii irar and) breit. 3)? an mup vorpd^tii^ feln. 
well was also wide. One has to bo careful. 
Ter Tnrm i)‘t l)od). Tail l)ol)e .^vUK^ foftet »iel. 
The tower is high. The high house C().sts much. 
'M) l)abe bai^ ^>fcrb ciefauft. 

I have bought the good horse. 

Ter eble )lffcin fd)nieift i^it. 

Tlio fine wine tastes well. 

(d) Fill in the missing words and suffixes. 

3di bill . . . vivcg . . . bn. 3d) bin virbper . . . bu. 
I am as tall as you. I am taller than you. 

^ie finb liebeiunt'urbi.;^ . . . 3l)ve (Sd)ivcjler. 

You arc just as amiable as your sister. 
^^ie pub liebcU3Unirbu^er . . . 3l)r )i3rnfccv. Ticfer 
You arc more amiable than your brother. This 

driller ift irenu^ev peipii^ . . . jencr, cK^leici^) er 
pupil is less diligent than that one, though ho 

: alt ift er. Tvtei .C>aar bet^ SWabd)enci 

IS just as old as he. The hair of the girl 
ivar ... lid)t . . . ein.Hornfelb. Ta^^Jaar beci 2)labd)cna 
was as fair as a cornfield. The hair of the girl 
irar lid)ter . . . ciu Jtcrnfclb. 
was fairer than a cornfield. 

Exercise 2 (a). Form the ordinal numbers 
of the following figures: 

3d) R>ar ber 15 ... in ber fficil)e. Ter £)fpper 
I was the fifteenth in the row. TJie officer 
Kill i^iierft beii 3 . . . 9?amcii imb baiin ben 8 . , . 
read first the third name and then the eighth. 
G»5 wax am 21 ... . ffilai. 

It was on the 21st of May. 

9lnf u>cld)cn Tact l^cr S19cd)c faflt ber 1 . . 

On what day of the week falls the Ist of Ariril ? 
(What day of the week will April 1 be ?) 

{h) Spell the following fractional numbers : 
1- 1. J. h i- h i- iV. 5^> 3^> »\j ; ““d express 
the following in figures: anberHialfi, funft(«)()i'il6. 
»iftt(e)^al6, ff«^«t(e)^alb, 

Key to Examination Paper 
(Page 2908) 

Exercise. 3^ tlirt fcie Xvcmbtte ; bu (invfiuoji 
il)n; tie gciitbe fingm ben Dfjijiet; fie gejiel mit; 
ba« JTinb wu(^«; bie Srauen wuf^en bie saWfi^e; 
met ^ief niid^ ? ®u lieffi f(^ nefi j er ftieg mt* ; maitit 
faint ®et ©urf^e Jpg; er ft^mur ei'nen Sib. 
SBa« tdten ® ie ? 5d} ertrug e^. Sir famen eben iia* 
'^anfe ; i(^ tat meine $fli^t. 
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The Quality and Colour of Furs. The Various Processes Involved In 
their Preparation. Making the Skins into Articles. The Feather Trade. 

FURS AND FEATHERS 


•run covering of certain animals is known generally 
i as fur. In speaking of a “ fur,” th(5 term is 
applied to the pelt or skin proper, and the wool or 
hair attached to it. On examination of most furs, 
two kinds of fibres will 1[)e noticed — those making 
up the under-wool, which are soft and flowing, 
and stiffer, straighter ones, more closely resembling 
human hair. The latter are of service in k(^cping 
the woolly fibres from becoming matted or felted, 
and also assist in keeping the wool from being 
saturatixl with water, as they allow the w'at<?r 
to shoot away as ” from a duck’s back.” 

The value of a fur- skin depends upon the colour, 
texture, and durability of tluiso fibres, and also 
upon the nature of tno pelt ; and it is because 
they possess one or all of these characters to a 
high degree that certain skins are held in such 
high estimation. 

Colour and Quality. The colour of wild 
animals is generally well adapted to the surround- 
ings amongst which they severally live and have 
their being. Generally speaking, the farthiT north 
we go, the lighter do we find the prevailing colours, 
but it is only in the extreme north that white 
animals are found in any appreciable (juantity. 

Cold has a marked influence on colour, and many 
animals whose summer coat is gnsy or even drab 
assume during the winter a more or less pure white 
colouring, though, as a rule, certain portions retain 
their original share of pigment, as, for example, the 
Arctic hare, which has some pigment remaining in the 
tips of the ears, and the ermine, in which the tail 
is yellowish -white at the root and black at tho tip. 

Like colour, quality is infliumced by climatic 
conditions. As a rule, the colder the winter, the 
better is tho fur, and tho skins taken about 
mid- winter arc usually the best both in quality and 
colour. When the new coat b<?gin8 to appear, 
certain of the half -grown fibres are to be seen. A 
skin in this condition is said to bo ” stagey,” and is 
generally much poorer in quality. Summer skins 
are those obtained from animals wearing their 
summer clothing. These also are of considerably 
lower quality than those taken in winter. 

The Application of Furs. In the first 
pL.<oo it should bo pointed out that the skins of fur- 
bearing animals are used for two main purpose's. 

Their chief application is to the maiiufacturo of 
articles for domestic use — wearing apparel, rugs, 
etc. In tho second place, tho fur, after being 
separated from the pelt, is converted by pressure 
into felt used in tho making of hats, cloth, and so on. 

In addition to these uses, there are certain other 
industries on a smaller scale which deal in fur 
products, as, for example, tho manufacture of 
oadgcir-hair bnishos, and of artists’ brushes from 
sable and kolinski tails. Our chief concern will bo 
with the fur trade proper in connection with tho 
coUecting, trading, preparing of furs, and their 
manufacture into saleable articles of clothing. 

Before proceeding to an account of tho treatment 
of furs, it will be as well to give a short acooiflht of 
th6 fur-bearing animals. For details concerning 
their nature, habits, and relationships, see the 
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course on Natural History. We shall consider 
them here only so far as they are important from 
the furrier’s point of view, 

FUR-BEARING ANIMALS 

Badger. Rutlier stilf Rroyish upper hair, aiul whitisli 
iindcr-wool. The Iwiir is used for ruaUini? brushes. 

Bear. Various speeios are used by tho fvirrior. Fur 
vaiies inueh in colour and quality, t!\at of tho cubs being 
woolly, while that of more adult momher'* Is stiffer. 

Tho lirizzlu Hear hss under-wool brown <»r dark brown, 
and the hair almost black. Certain skins yield hair suit- 
able for brushmakiriir. but the majority is used for ordinary 
furrier’s work, and larjrc numbers are emf)loveil in tho 
maiuifaetiire of raps and robes for military purposes. 

In the Polar Hear the fur of the yonni? is (jiiitc white, 
but becomes yellower with age, thoii^li some adult speel- 
mens are of an almost pure wliite. A certain number of 
skins arc uhc« 1 for mas. 

Beaver. 'L’wo spec ies only are known — the Europe.xn 
an<l the American. Tlie fur Is a very beautiful one of a 
Krey-l)row’n ()r reddish colour, with rather lon«, somewhat 
stiff hairs. Usually, beaver skins are “ pulled ” — tliai Is 
to say, tho upper Jialr is removed and the colour the 
fur altered by a ehemical process known as *' silvering.” 
Reaver is used larKcIy for trimmings, coat linhitfs, and 
suntlry other purposes, the old application to the makiiiK 
of liats being pnRtlcally a dead industry. The immljers 
annually taken iiave of recent years shown a marked 
decrease, owing to persistent hunting. 

Buffalo. Hair rather coarse and dun in colour. 
Use<l chiefly for making leather, though the finest skins 
are made into robes. 

Cat. Various species used in fur work. The domestic 
eat, of whleli large? numbers are obtained from the Con- 
tinent (more inirtieularly from Holland), Is' used in large 
(4uantity for fur work of an inferior kind. The skins are 
made Into linings for coats and similnr articles of (?Iothing, 
and these are knowm as “ gened.” Fur poor In quality ; 
eolotjrs various. 

Wild Cat. Poor in quality and in limited domaiid. 

Viret Cat. Sometimes used on aet'ount of singular 
markings. 

Chinchilla. The hair Is very soft and of almost the 
same lengtli as the fur. The fur Is long ami silky, in the 
grouml parts of a dark slate colour, while the upper portions 
are silvery grey. Used very largely for mulTS, boas, and 
trimmings. 

Anofher variety, know’n as Ha^tard Chinehilla, comes 
from Chill. T’he skins are smaller and the fur poorer than 
the real ehincldlla. 

Caragan. A variety of fox found on the steppes. 

Deer. The hair is rather short and stiff. Chiefly used 
for making mats, rugs, etc. 

Ermine. Hair ami fur both soft. The best almost 
pure white. Inferior <|iialities have a more yellowish tinge, 
and are frequently blcaelred ladorc use. T’ail yellowish, 
with a black tif). Used for muffs, boas, trimmiugs, etc. 

Fisher. Fur rich and close, hair long, dark and glossy. 
Pelt, st rong, and the whole skin of a dural dc nature. 

Fitch, or polecat. Hair long, wit h dark tips. Fur 
light grey to yellow. Used very largely for eheai)er variet ies 
of fur work. 

Fox. Many species and varieties, used for all kinds of 
fur work. 

Hlark For>. Best from Labrador. Fur fine, and dark in 
colour. Hair long ami glossy. Value varies according to 
colour, the darkest lading tlie most valuable. 

Hlue Fox. Best from An-haiigel. Fur soft and woolly, 
of a blue colour; hair of a grey-blue e<dour. 

Cross Fox. Fur imlc in eolour ; Iwiir darker at the ti|)s, 
the darkest parts i)elng along tlic si)ino and across the 
shoulders, making a distinct (jross. 

Urey Fox. Fur greyish or yellowish ; iiair silver-grey on 
the bjwk, more yellow’ oil the sidi:s. 

Japan Fox. Poorer in (piallty than above. Hair greyish 
and soinewdiat stiff and short.. 

Hitt Fox. Skins small ; fur and hair rather soft. 

Red Fox. Colour of fur various, yellowish to blue-grey. 
Hair yellow a rich dark red. 

Silmr Fox. A variety of the black fox. Fur dark In 
colour, hair .“livery white. 
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While Fox Fur and hair pure white, thoiu?h the former 
often haft a tinge of blue. Somotliitea aaT^.er hairs are 
present. These lower the value of the Hkin. Enonnous 
luiinberB are dyed various shades. 

Goat. Found in many parts of the world. The Angora 
possesses fine silky fur, and is largely employed In the 
making of rugs. Certain kinds of goat obtained from 
Thibet and China come into the London market in enormous 
(iiiantities, and are classifted according to colour into 
“ whites," " greys," and " natural blacks." The best skins 
of the last-naiiied class are dyed to imitate bear, and arc 
miudi used in the manufacture of rugs. 

Guanaco. Colour reddish to yellow. Chiefly employed 
for making carriage rugs, etc. 

Hamster. Fur and hair short., yeMow to grey, with 
curiously shaped hlack markings down the back. Alado 
into linings for coats, cloaks, etc. 

Hare. Fur soft and line, hair long and fine, pelt weak. 
Pure white found in Aussia and Siberia in enormous 
numbers. Thousands used in this country in the natural 
state, and dyed to imitate tl»o more costly varieties of furs. 
Sold by the poud (a Hussian measure). Value according to 
the weight in 7 >on(ie of 100 skins. 

Kaluga. .Practically no fur, but very short hair. 
Poor skins in every way, both ns regards fur and pelt, 
('olour grey, yellow, or reddish. Made into coat linings, 
etc., and oiten dyed some darker colour. 

Kangaroo. Various species used to a slight extent. 

KolinsKi. Fur soft and short, of a hluc-grcy colour 
in the gnuind, lighter on the top ; hair yellow to orange- 
red : skins generally dyed to look like sable, ami used for 
muffs, stoles, etc. The hairs from kolinski tails are used in 
making artists’ brushes and pencils. 

Lamb. Many varieties are known in the fur trade, and 
have received names according to the districts from whicli 
they are oI)tained — e.ff., Persian, Ukraine, Astrachaii. etc. 
The fur is curly, the value depending on the size and tiulil- 
ness of the curl. The better the curl, the more valuable 
the skin. 

Persian Iamb is the most valuable, as, when dyed, it 
takes a most beautiful gloss. Ukraim^, Astraclinn. etc., are 
less valuable, but are largely used. Colours arc various. 
A- certain number of pure 'wliite skins are used iu the 
natural state, but most are dye<l hlack and used f<»r muffs, 
ties, ladies’ jackets, coat collars, and linings, etc. " Slink 
lamb " is the generic term for rartain s|HM:ies born r>rema- 
turely. Lamb from Western Europe has a longer wool, ami 
is used for lining gloves, etc. 

Leopard. Used for rugs, etc. 

Lion. Used for rugs, etc. 

Lynx. Fur grey, yellowisit or bluisli. Hair line and 
soft, of a greyish colour, flecked with black. Many used 
iu a natural state for ties, etc., some dyed, chiefly blue 
and black colours. 

Marmot. Fur is rather liar.sh, generally of a greyish- 
black colour In the ground, becoming lighter and more 
yellowish- red at the top. The hair Is reddish, often 
speckled with hlack, and rather stiff and harsh. The skins 
are generally dyed to imitate <be more costly sable. 

Marten. The wliolc genus is characterised by a certain 
.Hoftiipss and richness of the fur, which makes them among'^t 
the most highly esteemed furs. 

American Marten. The fur is bliiisli-grey. except under 
the throat, where it is a yellowish-white. Tlic top of the 
fur is lighter in colour, and the hair varies from a light 
yellow' to a rleli dark hrow’ti. Next to the llusslan sable, 
it is the most valuable Skin of tlie marten tribe. The 
darker the skin, the more valtfablc it becomes. 

Baum Marten. Fur rather like that of American marten, 
but somewhat lighter. The hair is line and soft, and varies 
in colour from light yellow to dark brown. The fur on the 
throat is of a yellow to deep orange colour. 

Japanese Marten. This is a much less valuahio fur than 
the preceding, both on lU-count of its harsher nature and of 
Its hrllliant colouring value, which ranges from yellow to 
orange. 

Japanese Sable. In character this skin rather resembles 
that of the Ohiiicse sable, which seems to be a variety of 
the Russian sable. 

Ihmian Sable. One of the most liighly prized furs. Tlie 
fur of the best skins is of a rich, greyish-hlue in the ground, 
becoming somewhat lighter towards the top. In character 
it Is exceedingly soft and " full." The hair Is dark brow'n 
and glossy, and here and there greyish hairs are to be seen, 
'riio lighter-coloured skins are much less valuable, and aro 
frequently d.ved to look more like the darker natural skins. 

Stone Marten: The fur is of a lighter colour than that of 
the other martens, and is generally of a pale grcvish-blue 
colour, though in many skins It is almost white. The hair 
is very long and less soft than in the other species. In the 
best skins it is of a dark brown colour. 

Minh. Various species are used. 

Atgitricm Mink. The fur and hair arc short, and vary 
from a pale yellpw to a rialt brown. The upper lip is 
generally white, and there are oMo patches on the breast.* 
Japanese Mmk ^osely allied to the Siberian mink, 
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and resembles the polecat tribe. Its fur is short, ratlier 
harsh, and of a yellowish colour. 

Mole. Very tine, soft fi r, short and close, of a bluish- 
grey colour. Has been used In exceedingly large numbers 
during recent years for jackets, etc. 

• Mongolian. Under this name are included the skins 
of various animals from Tlillict and Cliina. The skins of 
certain kids from these districts aro sewn together in the 
form of a Maltese cross, and are known as China kid crosses. 
The small pieces of fur w'hich cover the legs are also made 
up iu a similar fashion, and are sold under the name of 
" kid'Icg crosses.** They are generally. 'classified according 
to colours, four principal varieties being recognised — viz., 
grey, wiiltc, hlack, and mixed, or spotted. The value 
dei>ends on the quality and length of the fur, the longer 
and coarser varieties being the least valuable. The name 
" Mongolian " is often u8c«l as synonymous with Thibet 
lamb, a species of sheep having long, soft, curly wool. 

Monkey. Certain species from 'West Africa, with fur 
of a bluish-grey colour, have a limited use. 

Moufflon. The hair is "pulled," leaving a soft 
wool. Skins are dyed various colours — blue, grey, etc.-- and 
are used for making necklets, etc. The true mouilion (Oris 
musimon) is found only in Corsica and Sardinia. The skins 
of certain Mongolian goats arc also known as moufflon. 

MusQuash. The hair is coarse and generally dark, 
Ibe fur soft, close, and of a rich grey-blue to slate colour. 
When "pulled," the fur shorn so as to bo of about 11 
millimetres in length, and dyed, these skins are used very 
largely for making ladles* jackets, as the finished article is a 
very passabU*, imitation of stailsklii. One variety, know'ii as 
" natural black musquash," obtained from Maryland ami 
Delaw'urc, is of much greater value than the ordinary kind. 

Nutria. The hair is coarse and stiff, and is usually 
removed by " pulling." The fur is short and close, and of 
a rich brown colour. For use as trimmings for ladles’ 
garments it is often “ silvered." The fur of skins of which 
the pelt is damaged is muerh used for felt manufacture. 

Opossum. Two vari(iti(?s arc used by the furrier — Ihe 
American and the Australi.in. The charafters of the furs 
<*f these two animals are quite different. Iu the American 
(q)ossum the hair is long and coarse, often split at the ends. 
The fur is generally wliite or asliy grey, in the Australian 
opossum the hair is shorter, less stiff, and ihe whole effect is 
more woolly than in the Amoric.an form. Tlic colour U 
usually Muc-grey on the back, while the belly fur is white 
or yellowish. 

Platypus. Found In Australia and 'Tasmania. The fur 
is not or ttrst-rate (piallty, and lias a very limited use. 

Rabbit fur is oncj of tlio moat largely used. Many 
thousands of tame rabbit skins are used on the Continent. 
When shorn and dye<l, they are used as an imitation of 
sealskin under tlic name of " elcr.trlc seal." Several varie- 
ties are known to furriers and fur merchants, and amongst 
them may be mentioned JUue Rabbit. The last-named Is 
used as imitation ermine, and for millinery purposes. The 
fur is also largely employed iu the manufacture of felt for 
hats, etc. 

Raccoon. Fjir long and well developed, greyi.sh or 
ycllowlnh-grcy in colour ; hair often flecked. Pelt strong 
ami durable. J^argely used for linings and rugs. The tall 
is ringed with bhn k. 

Sea Otter, One of the most valuable furs at present 
in use. Formerly it was comparatively common, but per- 
sistent hunting lias greatly reduced the numbers. The fur 
is very full, ritli, and soft, and its colour varies from a 
greyish-brown to an exceedingly dark brown. 'The pelt is 
extraordinarily strong and thick. 

Seal. Under this name are included many species 
which may bo conveniently divided into two main groups— 
the fur seals and the hair seals. In the former clas.s the fur 
is very thick ami soft, while In the latter It Is reduced to a 
iiilnimuni. 

The Fur Seals, ’riiore arc four species used in the 
fur trade which arc classified according to the districts from 
which they are taken. 

Alaska Fur Seal. The hair is stiff and strong, the colour 
varying according to age. The fur or w'ool is very thick, 
and after removal of the hair is seen to be of a greyish-yellow 
or brown colour, and tightly curled. 

Cape Horn Seal. Found in the South Paeifle. • Lobos ’’ 
skins, caught near the Lol)OB Islands, belong to this species. 
The fur, as a rule, is not so thick as in the Alaska seal. 

Cape of Good Hope Seal. Somewhat similar in general 
characters to the Capo Horn seal. 

New Zealand Seal. The fur in favourable specimens of 
" South Sea " skins is very long and full. 

The quality of the fur depends to a great extent upon 
the age of the animal. Three or four year old seals generally 
}>as.sess the richest and thickest fur/ According to the 
size they aro sorted and named as follows, beginning with 
the largest: Wigs, middlings, middlings' and smalls,* largo 
pups, middling pups, small pups, extra small pups, grey 
pups, and hlack pups. Further details concerning fur 
seals is given later. , 
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The Hair Seals. Various from the Pacific 

iTO known to commerce — the Cape sea Hon, the 
Northern sea lion, tho Californian hair seal, and the Ans- 
troAian seal. Those most frecpiently met with are the 
Atlantic varieties, of which tho following are the most 
commonly used. 

Orey Seal. Certain numbers breed in tho Shetland 
Islands. Not very plentiful. 

Comnwn Seal. The hair is yellowish with black spots on 
the bac.k and flanks, yellowish-white cm tho I'telly. 

Rifled Seal. The hair is stiff and of a yellowish colour, 
marked down the Imck and flanks in the form of rings of 
blue or black hair. 

Jiltie-back. The hair of tlic back is a bluish-grey —some- 
times quite a dark blue — while on the Hanks and l^clly it Is 
white or yellowisli-wliite. 

Whitecoat. The young of various species of hair seals 
having their first coat are known ns whlt.ecoats. The fur 
is soft, the hair softer than in tho a<lult, and varying in 
colour from silvery white to ligld yellr>w. Some are oven of 
a pale orange colour. The hair seals are used clilefly for the 
making of coats for motoring, thougli whitecoats, when 
dyed, are used for making military caps, etc. 

Sheep. Three kinds of wild slicep are used in the 
fur trade — viz., the argali, from Siberia ; the monfllon. 
from Sardinia ; and the American sheen. There is generally 
a stiff hair and a soft under-wool. The former is usually 
removed by tho process known as “ pulling.** 

SKunh. Of a dark brown, almost black colour, with 
dark under-wool. Generally, there is a more or less well- 
defined white stripe of a V-shape. Dark skunk are valuable, 
skins, botli on account of their colour and durnlnlity. Tho 
white stripes are often cut out, sewn togetlu*r, and tlicn 
dyed to imitate the darker portions. J.argdy used for 
muffs, ties, collars, etc. 

Sauirrel. Tlie common red sipilrrel is not much 
employed, the kind cluefiy valuc<l being tho Kussian and 
Siljcrian. The fur is soft, full, and of n rich dark slate 
colour, and the hair is grey, sligiitly flecked with a darker 
blue. The ludly is white, while tlie Hanks are often slightly 
red. Squirrel is largely used for coat linings. Tlie skins 
arc divided into back and belly, ami tbc I'acks made into 
what arc known as sacs. Tliese, when dyed of a sable 
colour, form a very tolerable sable imUatlon. The bellies 
are also sewn together to make '* squirrel lock .sacs.** 

Tiger. Found in Asia Chiefly used for making rugs. 

Vicuna, lias practically tlic same distribution and 
characteristics — as regards fur — as tlic gttunaco, and flic 
skins are employed for similar purposes. 

Wallaby. Fur soft ; hair rather long, and of a grey- 
Isli colour. Largely used, when dyed, as an imitation of 
the hair of the skunk. 

Wolf. Tlalr fine, wool soft, and very liable to “ felt.** 
Colour varies from yellowisb-grcy to blue, s<iiue skins liaviiig 
hair that is almost black. 

Wolverine. Fur soft and thick. Colour somewhat 
similar to that of the wolf. 

The Trade in Furs. At the present day 
there are certain recognised centres of tho fur 
trade, and to these almost all the skins an; brought 
and sold, either by private treaty or by public 

auction. Amongst these centres are London, 

Leipzig, Nijni-Novgorod, and Irbit. To the London 
market come all the goods belonging to th(‘ Hudson’s 
Bav Company. These aro sold by public auction 
twice a year, in January and March, the chief skins 
being beaver, musquash, rod fox, white fox, cross 
fox, kitt fox, silver fox, mink, otter, American 
marten (known as Hudson’s Bay sable), fisher, 

lyii'^, wolverine, and wolf. 

Furs collected in America other than those of tho 
Hudson’s Bay Company arc sent direct to London — 
and a small number to Leipzig — where they are 
received by commission agents and subswpiently 
sold. To London also coinc most of the South 
American (chinchilla, guanaco, nutria, etc.) and 
Australian furs (opossum, wallaby, kangaroo, etc.), 
08 well as large numbers of what are known as 
“ China goods,” including goats, Thibet lambs, 
China kid, and kid crosses, Jap fox, Chinese sable, 
weas3l, kolinski. 

The fur sales in London take place in Jai^uary, 
March,. June, October, and December. At tnc 
DecembCT sales practically the whole of the world’s 
seal catch is disposed of to merchants, who distributo 
them between London and Paris for dressing, 
dyeing, and those subsequent operations which are 


necessary before they are ready to bo made into 
jackets and other articles. At tho March sales, which 
are the largest, almost every conceivable variety 
of skin is to bo seen, and at tliis time of year certain 
parts of tho City seem to bo more than usually cos- 
mopolitan, for merchants coino from tho ends of the 
earth to prepare for the following winter. Tho 
China goods aro sold mostly in January, and, ns in 
every other branch of trade tcxlay, there is a 
tendency to specialisation to be seen, for certain 
business houses devote almost the whole of their 
attention to this China trade. About Easter 
time Leipzig presents a similar cosmopolitan 
a.sj)ect, for then tho great fur fair is hold. At this 
fair the majority of the goods sold are those obtained 
from the Continent of Europe, including iiart 
of the Russian produce ; and, in addition to the 
various kinds of sable and marten, such as stone 
and baum marten, fitch, kolinski, etc., large numbers 
of American skins — skunk, beaver, musquash, and 
the like — arc sold. 

To Irbit, one of tho centres of tho Russian trade 
in furs, aro brought Russian furs, such as marmot, 
hare and fitch, white fox, ermine and squirrel, as 
well as lambs of many kinds — Persian, Ukraine, 
Krimmcr, Astrachan, and others. Tho skins are 
sorted, half-prepared, an<l sold, to come eventually 
to Western Europe, often via Leipzig and London. 

The fair at Nijni-Novgorod was formerly tho 
greatest in the world. If ere East and West met to 
haggle and barter, buy and sell. Today, however, 
it is of considerably less im})()rtanoe, though still 
tha centre for Siberian goods, such as ermine, 
hare, sable, squirrel, and other furs. 

At the London sales all goods are sold by public 
auction to the highest bidder. (loods must be 
cleared from the warehouses by a certain fixed date, 
so that many merchants and furriers who do not 
wisli to have their goods worked immediately have 
them warehousetl. Some skins are best kept in cold 
stores ; for others it is sufiicicnt to put them away 
at the ordinary temperature with some substance 
which will prevent them from being attacked by 
moth. Camphor is excclkmt for this purpose, but 
on account of its lower price naphthabqie is much 
more largely used. 

Tariffs and Duty on Furs. TIk^ Customs 
duty on furs was abolished in 184.5, aft(?r having been 
rexluced three years earlier, so that all skins, wliethcr 
raw, dressed, or dyed, come into this country free 
of charge. The same applies to (lermany, hut in 
Franco dressed and dyed skins are charged duty 
according to tariff, with the exception of certain 
China goods and somci kinds of hair seals. 

All raw goods are admitted duty free into the 
United States, but charges are made upon dixjssed 
skins amounting to about 20 per cent, of tho value, 
w'hile for manufactured articles an oven higher 
rate is charged. 

There are also certain tariff charges in Canada 
and some of tho Australian Colonies. 

So much, then, for tho trade in raw products on 
tho large scale. The courses usually adopted in 
retailing are two in number. The merchant, having 
obtained his goods, sorts them according to colour 
and quality, and either S('lls them in tin; raw state 
to tho furrier, or to another merchant, or hands 
them over to the fur* skin dresser and dyer. By tho 
latter they aro dressed — that is to say, the hard, 
horny skin is converted into a soft, pliable pelt of 
the natiiro of chamois leather, and, if necessary, 
shaved down to a suitable thickness. Certain goods 
require dyeing jn order to improve their lustre 
and colour generally, or so to change thorn in 
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appearance that they resemble 9, more costly and 
j)leasing fur. From the dresser and dyer they pass 
once more into the hands of the merchant ; from 
him to the furrier, and so to the retailer of the 
finished articles. Certain furriers, however, prefer 
to buy the raw goods from the merchant, and have 
them prepared according 
as they arc nwxied — this 
applying particularly to the 
more valuable varieties. 

Prices of Skins. 

There are various caust*s < 

which determine the prices. IK I 

the principal being demand. SR I 0 ^ 

which is nd(Hl by the die- JB J -m 

tatos of fashion, and supply, I 

which is practically beyoml " | 

control. Some seasons ago 5 - . ^ # 

there was a large demand 
for moleskins, and whilst 
the fashion lasted millions 
of skins were made up into • 

jackets, muffs, and other 
articles of wearing apparel. 

Then the demand lessened, 
and, in conso(pionce, far 
fewer skins came to the 

market. Persistent hunting \ 

frequently causes a shortage / 

in numbers, and disease arwl Hi?; , 3? ^ 

increase in the number of ^ / 

the natural enemies of fur- 

bearing animals are also ' ' ♦ 

contributing factors. ' 

A polar bear skin niay ^ ‘ • 

vary in j)rice from £1 to £25, 
and a silver fox skin from 

£2 to £220. Sea otter varies !• the fui 

as widely. Badger varies <*• beaming knife h. Kur 
from a shilling to a sove- '/• flicker <>. Unhalrcr’s 1 
reign in valueTbi-avcr from *• 

ton shillings to fifty sliillings, chinchilla from four 
shillings to £7 or £8. Jilue fox may fetch up to 
£10. Among high prices for the finest skins are 
otter £10, raccoon £10, Russian sable £25, American 
marten £15, lynx two guineas, 
wolf fifty shillings, and tin* 
same for the wolverine. A very 
good skin of the common cut L 
worth half-a crown, and of the 
w’ild cat three times as much. 

^rhe squirrel sells for from six- 
jx'nce to eighteenpence. 

There are few wdio would 
recognise as things of value [ 
the rather unpleasant skin t)f 
the fur seal as it comes to 
the fur-dresvser, covered with 
salt on the fur side and its 
natural coat of thick blubber 
on the pelt side, or the shape- 
less-looking object with a hard, 
horny skin which later forms 
part of my lady's sable set. Yet 
it is to this recognition of value 
and qualitv in the raw state that 
most capable fur memhants owe 1 
their success, and it is duo to the „ „„ „ 
skdl and energy of the dresser fLESJ 

that the pelt is made into leather as soft as chamois, 
and the fur and hair cleaned and laid as Nature 
intended,- so that the unsightly and often e^dl- 
smelling raw* skin becomes a thing of beauty and a 
joy to its owtier. £^^quently furs which are inferior 
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1. THE furrier’s tools 
(t. beaming knife . b. Kurrier’s knife c. Shaver’s steel drawn through. This is by 
</. Sleeker Unhajrcrs inilliiig knife. /. Blubbering f.r the most usual or'ictioe 
kill e u. Moon kiule h. Cross-handled shaver’s knife most usual practice, 


in natural colour are dyed to resemble the more 
pleasing skins, and of this process more is said later. 

Curing the Skins. The first procoss^he 
curing of the skins — is usually performed by those 
engaged in the work of capturing fur- bearing 
animals, ft consists essentially in removing the 
skin with its attached fur 
from the body, removing 
excess of fat, and drying in 
the alf. Clortain .skins, how- 
ever, such as fur seals, blue- 
. backs, calves, etc., arc 
mm dressed with salt before 
piMMinpilM mm packing. Mention is made 

j||||ijg|ip H of this later when consider- 

M dressing of seals. 

H As stated, in the case of 

-of* • 8 H most animals the skin is 

‘ stripped from the body and 

dried. ' This removal of the 
skin is usually effected in 
^ ’ one of the, three follow - 

Q9B833SSBBli ways : ( 1 ) An incision 

^ is made in the middle 

1^^ IHH ventral surface 

. from mouth to rump, and 

the skin carefully cut away. 
This method is most uni- 
*1 viMsally em]jloyed in the 

f ' ^ marmot, chinchilla, 

/ |^m| and Australian furs, such 

I wallaby and opossum. 

.Jr A . Large skins — e</., bear, 

II " goat, sheep,, etc. — are also 

H treated in this manner. 

II (2) The animal is opened at 

, the mouth and rump and 

ER s TOOLS the body of the animal 


'ft" 

' ii? 
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iiiiiK K111H-. niuuufnng f .nnst usual umotif'c 
o8s-handlea shaver’s knife rno m )sii usual practice, 
and mosL of the smaller 
skins with which the fur-dresser has to deal arc* 
thus obtained. (3) The body is drawn through tho 
mouth, leaving the iMinp or “ breech ” end closed. 
Us lally the legs and tail are opened and the bones 
rcmovinl, though so cleverly i « 
this method employed by certain 
hunters that although the breech 
is not opened the tail and leg 
bones arc taken out, in all 
probability with some sharp, rod- 
like instrument. Many Russian 
sable and stone marten come to 
the dixxsu- ill this fashion. 

One aniiinil —the nutria, from 
the River Plate — is remarkable 
i.i that the belly fur is better 
than that of the back, and in con- 
sequence the removal of the skin 
is always effected by making a 
• longitudinal incision down thi* 
centre of the back instead of the 
, belly. As a1hile,thc head, logs, 
and tail are left attached, though 
this is by no means a universal 
custom. In seals, the fore flip- 
pers are cut off, and in the skin 
[R WORK as received from the curing-house 

are to be seen two round or 
elliptical holes marking the places' which the flippers 
Occupied. Many skins, such as goat, Tmbet, 
marmot, wallaby, and nutria, find their way in the 
first instance into the English wholesale market 
minus heads and tails and legs. 
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The Drying Process. Where the method 
of salting is not employed, the next process is that 
of ^drying. Where the skins arc “ cased or 
“ round ” — t.c., obtained by method 2 and 8 
above — they are dried with the fur .inside. If 
open — method 1, above — the skins are merely 
spread o^n, pelt upf>ormost. It is during this 
drying tnat a certain number of skins become 
“ burnt,” owing to great heat, or soinotimes on 
account of “ taint ” preserU; in the skin. When a 
skin is ” burnt,” the pelt is converted into a very 
hard, horny substance which resists all subsequent 
attempts to convert it into leather. Some skins 
.seem much more liable to this burning than other-s ; 
for example, one frequently finds burnt patches 
in bear, wallaby, and marmot ; more 
rarely in fox. sable, squirrel, and 
such-like small skins. Seals a re e ured 
with salt, laid in piles, and after 
remaining in the salt for about four- 
teen to twenty -one days, are corded 
np in rolls and shipped. Ordinary 
dried skins are packed in bales, fur to 
fur if “ open,” pelt outwards if 
“ eased,” though naturally the exact 
modes of packing dilTcr according to 
the kind of skins and the customs of 
the district from which they conic. 

The first operation necessary for 
the conversion of the skin into 
leather is the one known ns flesh intj. 

The skins are first treated with water 
— sometimes with a weak brine--- 
allowed to remain a certain Icngtli 



become soft. 


of time in order to 
and then the surplus 
fat and connective 
tissue removed liy 
pulling them over a 
knife of the type 
diown in ?. 

Grease Dress- 
ing. The skins are 
(hen eady for the 
next operation, 
which is that of 
ijrmsivg. For this 
purpose, grease of 
special nature 
(English dressers 
generally use animal 
oils, while in France 
colza and other 
v'cgetablo oils are 
employed) is 
smeired over the 
}>elt, allowed to soak 
in, and then the 
ikins are subjected to a process by which the fats 
aredriven into the substance of the pelt, rendering it 
> oft and pliable. This is accomplished in one of two 
way.s, according to the nature of the pelt. For small 
skins and such as possess a tender pelt the process 
of foot tubbing is employed. The skins, thoroughly 
greased, are placed in tuba inclined at a slight 
angle to the vortical, in which men with bare feet 
stand. By a continuous up and down motion of 
the feet the skins are constantly turned over and 
over, the grease is worked into the substance of 
the skin, and the result is a soft, supple pelt. 
During this process, a certain amount of heat is 
developed by the constant friction, and this in no 
small measure helps towards "the accomplishment 
of the object in Question. 

Q D ■« 
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SKINS 



SHEEP SKIN DRYING IN 
FRAME 


In the ca.se of skins having a .stronger and heavier 
j)elt a different method is employed. After greasing, 
they are ]>laced in a mill .which consists essentially 
of a box into which a wooden block descends. This 
blocdv is attachcfl to the end of a lover, and the whole 
is so constructed that the skins receive a hard blow 
at the moment of the fall of the hwer, and at the 
same time are pushed slightly away from their for- 
mer po.sitioii. Here, again, a turning i.s effected, 
and the amount of heat develo])ed i.s quite con- 
siderable. Tliis niethoil is the one always followed for 
heavy skin.s, siicli as seals, hluebacks walla l)y, etc., 
uiifl is, of course, more economical thuii the slower 
process of tubbing. As might be expected, the length 
of time taken in each of these operations varies 
enormously. In some cases the 
skins arc grca.sed again, and the 
leatliering prooess repcatoil. No 
delinite rules can be given ; the 
judgment of the dresser alone can 
decirle when the skin.s are aufli- 
ciently leathered. 

Removal of Rxcess of 
Grease. The skins at this stage 
are very greasy, and require careful 
cleaning before they ap})cnr in any 
way presentable. The chief sub 
stance u.secl as an absorbent for 
this exce.ss of grea.se is sawdust, 
tjl^ough other materials arc used, 
.s'uch as plaster of Paris and French 
chalk. Some Frcncli drcsser.s some- 
time.s mix a small amount of line 
sand with their dust in onler to 
•ccure more perfect cleaning. Tho 
grea.sy skins nro 
worked about in 
tho dust either in 
the foot-tnhor in a 
mill like the on<^ 
described above, 
exeo))t that it is 
boxed in, and .so 
has receivetl the 
name of a hox-mill. 
Finally, the .skins 
arc turned fur out 
wards, it cased, and 
tho fur cleaned in a 
similar fa.shion in 
what i.s known as 
Adrum\Z\. A drum 
consists of a hollow 
cylinder of iron or 
wood mounted on 
an axle and capable 
of rotation about 
this as an axis. Into 
the drum arc placed the skins and sawdust, or what- 
ev^er the cleaning material used may he, and tho 
drum caused to revolve for a varying length of 
time. To free them from dust, the operation of 
caging is necessary. Tho process is a simple one. 
They are jdacecl in a wire cage, mounted like tho 
drum just mentioned, and as the cage revolves the 
particles of dust are beaten out, and fall through 
the meshes of tins cage. 

Finally, the 8kin.s are shaped — that is, stretched 
so as to look somewhat natural in appearance, 
and, if nece.ssary, the )ielt knifed — that is, pulled 
over a knife similar to the one ii.sed by the 
flesher [21, in order to further soften it and to 
remove inequalities ; beaten with canes in order to 
free the wool from felt and to make it free and 
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'owing, and any ]iarts of the pelt which may be 
torn carefully repaired. 

This, in short outline, is^the process of nease dress- 
ing, but there are so many details to be carefully 
observed, and so many pitfalls for the unwary, 
that it is only after much experience that really 
good work can be obtained. 

Other Methods of Dressing Furs. 
Many otiier methods of dressing are in vogue. For 
example, the white Russian and Siberian hares come 
to this country in the dressed state ; the leather, 
which is not by any means 
good, is made by soaking 
the skins in a solution of 
alum to which barleymeal is 
adilcd. On drying, the pelt 
is left white, and is covered 
with very fine dii^st — a mix- 
ture of alum and meal. 

China goods, . such as 
goats, Thibet lamb, and kid- 
errosses are native dressed 
with 01au})er’a • salt and 
rice flour. This, like the 
Russian method, does not 
give a leather which is at all 
to bo compared with that 
obtained by grease dressing. 

Much of tho CJermaii 
dressing is done by a (juick 
process involving the use of 
sidphiiric acid. For certain 
skins this method seems 
jK>culiarly well adapted, 
though for others the re- 
Hulls are interior to those 
obtained by the grease 
method. 

Tho dressing of long- 
haired sheepskins is usually 
clone with alum and salt. 

The skins arc first scoured 
with soap and soda to re- 
move grease, the jxdt is 
scraped with various kinds 
of knives — c.j/., beaming 
knife [l«j, and then n solu- 
tion of alnm and common 
salt is rubbed into the pelt, 
this last-naniod operation 
-l)eing repeated several 
times. The skin is then 
stretched out in a fratne as 
shown in 4 and allowed 
to dry slowly. 

Fur Seal Dressing. 

In tho case of fur seals of 
all kinds tho procedure is 
somewhat different, and is 
as follows : First of all, the 
thick coating of fat is re- 7. SHAVERS 

moved by what is known as 

blubbering. The skin is laid, pelt uppermost, on a 
bm7n similar to the one used by the imhairer 
(6], and the fat scraiwd off with a" special kind of 
kiiifo — a blubbering knife [1/|. After this the skins 
are washed in a warm solution of soap and soda to 
get rid of grease from the fur, and they then undergo 
the process of hooping. This consists in stretching 
out the skin in an oval iron hoop by means of string 
passed alternately through the edge of the skin ana 
round the hoop. Figure 5 shows a seal in the hoop. 
Next foliowa the prooefis of unhairing. As previousiv 
(Wplained^ . tho tur seal posseesea a beautiful soft 


under- wool and stiff upper hairs. By wotting the fur 
and then drying quickly these latter are so much 
loosened as to easily removed by means of* an 
unhairer*8 knife. The skin is placed over a beam, and 
the hair reijpoved by a pushing motion of the knife. 
An unhairer is seen at work in 6. Kven after 
this some hairs are left, and to get rid of these a 
pulling knife [le] is used. The hair is caught 
l)ctwcen the blade and thumb and pulled out. 
This process of pulling is usually employed in 
dealing with otter, beaver, and nutria. ^ 

There are probably no 
trade secrets so jealously 
guarded as those' of the fur 
dyer. The particulars of the 
eomj^osition of various 
colours and dye- baths are 
known only to a very limited 
number, and these par- 
ticulars are handed down 
from generation to genera- 
tion with such modifications 
as are of necessity intro 
dneed. 

The principal centres ol 
this .industry are London, 
Leipzig, and Paris, tliough 
the work is also carried on 
to some extent in various 
towns in France — c.j/., 
liVons — in Ikdgiiini, and in 
America. 

Materials Employed 
for Dyeing Furs. When 
it is remembered that tho 
majority of the furs used in 
cvcry-tlay life are of very 
sober appearance — black, 
sable, browji, etc. — it is easy 
to see that, the wide range 
of colours obtainable by the 
use o^f dyestuffs derived 
from coal tar products is 
useless to 'the fur dyer. Tie 
may require blues and reds 
and yellows for shading 
purposes, -but to all intents 
and purposes, it will he seen 
that tho so-called aniline dye 
industry derives but little 
support from himj. 

Nor is the limifed chpice 
of colours the only explana- 
tion of this fact. Most 
artificially yirepared 
siuffs are only taken^i]) 
fro?n solution by the aninial 
fibre at a temperature 
approaching the boiling 
point of water. Such sub- 
stances are useless for dye- 
ing furs, because, not only 
w'ould the fibres themselves be iifjured at suchatem- 
|ierature, but the pelt would lose its supple nature 
and become hard and horny, and so worthless from 
the furrier’s point of view ; and, further, the hair 
and wool would become loosened, and readily 
detachable from the leather. In consequence, the 
dyer of furs must choose such substances as will 
bo absorbed by the fibre at a low temperature— 
that is to say, not higher than about 50^ C. 
Amongst such dyestuffs, those of natural origin 
occupy the first place, and they are therefore 
largely used. Blacks are obtained by means ef 
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logwood and various metuliic mordants, such as 
chromium, iron and copper ; bluos with various 
materials containing tannin substances, such as 
galls and sumach ; yellows and browns with cutch, 
gambier, and turmeric. In addition to Ihese other 
dyes are used for 8 j)eoial purposes and for obtaining 
shades of colours. 

Preparations for Dyeing. Tlie cover- 
ing described generally as fur consists, as ])rPviously 
stated, of two parts — the wool lying at the bottom 
n§xt the pelt, and the stiller upj^er hair. The outer 
covering of a hair is composed of a substance known 
as keratin, which is of a similar nature to the materials 
which go to make up the outer layers of the skin, 
nails, and hoofs. This possesses to a high degree the 
property of resisting the action of dyestuffs, and as 
it forms a layer which is very impenctralffe, the 
colouring matter roaches the medulla of the hair 
only with difficulty. (Consequently, bt‘fore the hairs 
can be made to take up colour, this layer must he 
softened, so as to become more absorljcnt and to 
allow of the 
passage of the 
dyestuff into 
the medulla. , 

This object is 
achieved by a 
process known 
as MUitig. The 
killing is ap« 
plied to the tips 
— in some cases 
to the wool as 
well — by means 
of a fea ther or a 
hrush, and is 
usually of an 
alkaline nature, 
such as lime, 
soda, etc. As a 
result of this 
apj)lieation the 
fibres are soft- 
ened, and so 
more readily 
take up dye- 
stuffs. Then 
follows a jjro- 
cess known as 
)n ordantiiiff . 

Ihe skins are white fox b. Jap fox Kamchatka 
brushed 

with or dipped in a solution of the mordant, the 
composition of which varies with the shade of 
colour required and the dyestuff subsequently 
used. Logwood, for example, is a polygcnetic dye- 
stufl-^that is, with different mordants, different 
colours are ofbtained. Thus, with alum mordants, 
greyish violet shades are obtained; with chromium, 
iron and copper mordants, grey to black is the 
resulting colour; while tin mordants yield reddish 
violets. The principle underlying tliis process of 
mordanting is this: Ortain metallic salts are 
absorbed by the fibre, and us a result of decom- 
position in and on the fibre — e.g., aluminium 
acetate— or of oxidation — e.g., ferrous salts, a mor- 
dant, usually a hydrated oxide or a basic salt, is 
formed.^,. This mordant possesses the prooerty of 
combining with dyestuffs to form colour takes, to 
the presence of which in the fibre the final colour 
is due. It is usual to allow goods that have been 
mordanted to remain exposed to the air for some 
time before they are put into the dye, to allow 
the above-mentioned decomposition to take place. 


The Dyeing .Procesa. After mordanting 
the goods are ready for the dye. This is either 
applied with a brush, or the "skins are immersed 
in the dye- vat and allowed to remain for such 
time ns previous exiJerience has shown to bo 
necessary. In some cases the skins may bo 
dip])ed twice or even four times, a definite p(Miod 
being allowed between each di]), during which timt» 
the skins are allowed to air. Bv this means 
oxidation takes ]:)laco and the colour iK'comes fixed. 

In using some materials — e.g. logwood — a different 
method is occasionally ado])led. Instead of mor- 
danting and dyeing in separate baths, one hath is 
made containing the mordant and dyestuff together. 
This, however, is not a common practice, as there 
is a coiiBiderablo lossof colouring matter ou account 
of combination between mordant and ilyestuff', 
whereby tho insoluble lake is [precipitated, and has 
no opjportmiity of being fixed upon the fibre. 

Of recent years a new class of dyestuff suitable for 
fur dyeing has been i)lace<l upon the market. These 

subsiauces are 

chemical com- 
j}0 u II d s p re- 
pared from 
coal-tar pro- 
ducts, which on 
oxidation yichl 
insoluble* mat- 
ters varying iu 
colour from 
light brown to 
black. Some o) 
them are ex- 
ceedingly useful 
to the dyer, 
though for soim^ 
purjposes they 
are much in- 
ferior to the 
nalural [hm- 
ducts. 

How to 
Apply the 
Dye. In the 
d y e ing o f 
certain classes 
of skins it is 
advisable to 

8. SPECIMENS OF FOX ^ 

?. Kamchatka rod fox d. Cross fox e. Ameruau red fox coioul Willi a 

brush rather 

than by dippin>5 tlieni into dye bath. This is 
well illustrated in the case of the fur seal. On 
examination of the fur of a sealskin jacket, it will 
be seen that the colour of the lower [part of the 
fur, or the ground, as it is called, is of a deep 
brown colour, while the tojp is much darker — almost 
black, in fact. This result is attained by brushing 
the fur with mordants and colours to <lifferenb 
depths. That is to say, several brushiiigs arc madi* 
to a fixed level — care being taken that the same 
level is reached at each operation — with one 
mixture, and later another mixture is appli(‘d to 
the ground. The latter application jproiluces a 
different colour where the fur has been [previously 
treated, and so a distinction between top and 
grouiid is produced. 

In tho case of sable, marten, fitch, and such like 
skins, a large number is found in which the up[)er 
hairs or tips are too light to be quite pleasing. To 
correct this defect, and to accentuate the natural 
dark stripe which runs down the centre of the back, 
colour is carefully applied by means of a feather or a 
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light pad, this proct^ss being luiown dh Upping and 
Mriping 

il^aver and nutria are skins which, after pulling^ 
or removal of the top hair, arc frequently silvered. 
This operation of silvering -consists in the light 
application of various substances, which i)roducc 
a lustrous appearance and considerably enhance 
the beauty of the skins. 

Imitation Furs. Apart from the improve- 
merit in colour of natural skins, there is another 
branch of the fur-dyeing industry which is of 
great importance. This is the dyeing of cheap 
kinds so that they resemble to a certain extent 
the moie costly furs. Enormous numbers of 
white Russian hares are dyed to imitate sible, 
Russian sable, stone marten, ete. : marmot are 
dyed sable colour: white fox and red fox arc made 
to look like blue fox and silver fox respectively. 
Of course, it is only in the colour that there is any 
resemblance between the real and the imitation 
fur. One can no more make a Russian sable out of 
a white hare than the ])roverbial silk purse from 
.1 sow’s ear, but to the uninitiated there is no very 
obvious ditfereucc in 
ap])earancc between a 
jacket made of electric 
seal, which is only the 
common rabbit worth, 
siy, five guineas, and a 
seal-skin jacket worth, 
perhaps, ttMi times the 
amount. 

After dyeing, all skins 
muat be carefully dried 
and cleaned to get rid of 
any mechanically adher- 
ing dyc.s. When taken 
from "the dye-bath, they 
arc allowed to drain, 
washed in clean wattu', 
again allowed to drain, 
and the excess of mois- 
ture got rid of by means 
of a hydro - extractor, 
which is merely a cylinder 
with perforated sidt*s 
u'volving at a high rate 
of speed about a vertical 
a X is. The centri fuga 1 

force causes the w'ater to 
be driven outwards, and 
the skins are then partially 
dry. The drying is comjdeted in drying-rooms or 
stoves heated by steam-])i])es, and here great dis- 
cretion is required, as, if the heat is too great or the 
process too hurried, both pelt and fur may bo 
injured in quality, and the latter in colour. In 
order that they may dry flat, some goods are 
nailed — that is, placed on flat boanls and nailed 
round the edges after a moderate amount of 
stretching. Others are merely stretched and 
allowed to dry slowly. To sonic, it is advisable 
at this stage to apply substances which keep the 
|)elt soft and supple on drying, but this is not 
necessary in all cases, as much depends on the 
fnanner in which the skins are first dressed. 

When dry, the skins are cleaned. This is accom- 
plished by placing them in sawdust in a revolving 
drum of the type previously desTibeJ. The length 
of time during which they must be drummed varies 
enormously, and depends largely upon the nature of 
the materuds employed in dyeing. For some skins 
one hour is sufneient, others require twenty-four 
hours or etmi longer. When judged to be clean they 
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are caged remove the dust, and then ]:*as8ed to 
the finishing department. Here they are beaten with 
canes to free the under-wool from felt, the jiblts 
damped, and the skins stretched and knifed — that 
is, pulled backward^ and forwards over a blunt 
flesher’s knife. ^This softens them, and makes 
them pliable, so that the fur lies evenly and 
“ flows ” under the hand. 

Finally, the fur is set, or brushed with a damp 
brush in the proper direction, so as to straighten 
any hairs that may have got twisted and lajd 
out of position. 

Here the dyer’s work comes to an end. From 
him the skins pass to the merchant, who disposes 
of them to the furrier, or direct to the furrier, who 
makes them into the thousand and one articles 
for which there is a demand. 

There are several processes used by the fur 
dresser and dyer which have not hitherto been 
mentioned. Some of the more important ones will 
be here described. 

Shaving and Sleeking. The pelts of some 
skins intended for ns'» as garments are so thick 
that unless a portion of 
the leather is removed 
the finished article would 
be uncomfortably heavy 
to wear. To remedy thij^ 
defect the ])elt is shaved. 
To ]>erform this operation 
the skin is laid over a 
shaver’s beam, whiidi is 
similar tr that employed 
by the unhairer, excej)l 
that it is Hat instead of 
being convex outwards, 
and by a scries of down- 
ward pushing strokes 
layers of leather are 
(jtripyx'd off, and the 
whol? brought to a level 
surface of even thi(;kriess. 
To do this the skins must 
be sufliciently moistened, 
and the knife used of a 
special kind. Figure \h 
sliows one of these cross- 
handk'fl knives. The edge 
is turned backwards and 
ke))t very sharp. 

In 7 two shavers arc* 
seen at work on ^yed 
whitecoats. The pelt, before shaving, is discoloured 
by the dyes used, and where the knife has passed 
over the pelt the white unstained leather is to be 
seen. Each shaver holds between the first and 
second finger of his right hand a small steel [Ic], 
with which he sharp.ms the turned-back edge of 
the knife. 

Various mechanical contrivances have been de- 
vised with a view of replacing this manual work, 
but so far no process causes so little damage to the 
skin or gives such a good restlH as this one just 
described. All seals, including fur seals, bluebacks, 
hair seals, and whitecoats, are shaved, and sometimes 
heavy-pelted skins like wallaby undergo the same 
treatment. 

Sleeking is a process adopted in order to soften 
and make smoother the skins which are dressed 
with a heavy pelt such as goats.. The skin is laid 
out, pelt uppermost, ii]|^n a flat table, and the 
dcMng knife [Id] pushed over it. Inequalities are 
remov^^ and the friction also causes a certain 
amount of softening. 



9. SPECIMENS OF HAIR SEALS 
'j. Whitecoat 6. JJlue-lwiek c. Common Seal 


GROUP 22-DRC8a 


In fur seals, after dyeing, there are to be 
seen short, stiff hairs which escaped the un- 
haffing and pulling knives. These, if allowed 
to remain give to the skins an unpleasant handle — 
that is to say, they feel l^arsh when the hand 
is passed over the fur. In ordor^ to remove these, 
various typos of machines have been devised. 
One of the earlier instruments was so constructed 
that the skin was stretched over a bar, the fur 
blown back and held down while the stiff, upstand- 
ipg hairs wore burnt out at the roots by means of 
an electrically-heated wire. In a later and im- 
))roved pattern the hairs, instead of being burnt 
out, are cut off by the scissor-liko action of two 
blades which are moved after the fur is blown 
downwards and held in position by two combs. 
By a system of gearing the skin is caused to move 
forward a fraction of an inch immediately after the 
release of the blades from the cutting ]»osition, so 
that every part of the skin is in turn subjected to 
this process. 

Kven then, certain hairs, known as stage hairs, 
are left, and these are removed by a ])ulljng instead 
of a cutting action in a machine of somewhat similar 
construction, known as a stageing machine. The 
process of machining is essential for many skins, 
though there is an unavoidable removal of some 
of the fur w'hich tends to make the skin poorer in 
({iiality. 

Shearing, For some purposes, such as the 
manufacture of glove tops, fur lor covering ladies’ 
hats, etc., it is usual to take certain kinds of skins 
and by shearing off tlio top hair secure a shorter 
fur with an even surface. This is largely done in 
the case of white Polish rabbit, Russian hares, 
and some skins which, when dyed and shorn, 
resemble furs of a shorter staple. 

The skin is fastened to an endless band in the 
sliearing niaehim* which passes over rollers. The 
tips of the hair come against a knife over w'hich 
jiasseH a set of blades set round a (!ylirKh*r. This 
cylinder revolves at a high rate of si^ed and cuts 
off the ti]w exactly as grass is cut by a lawm- 
niower. Attached to the macliine is a 7)i|)o con- 
nected with some arrangement for creating suctitm, 
by which the loose fur is carried away. 

In addition to these ]>roecsscs there are others 
which are of use in various departments. For 
example, some skins can bo mecdianically brushed 
and beaten, and in such cases manual labour is 
disficnsed with. 

In connection with the subject of the dressing 
anci dyeing of furs, it must be remarked that there 
are probably few branches of industry where 
experience counts for so much as in this one. To 
become a successful dresser, and perhaps still 
more so in the case of the dyer, great patience 
must be exorcised in the acquiring of details con- 
cerning the methods to be employed for each 
particular class of goods. No two parcels of goods 
can he treated in the same manner ; each requires 
careful consideration and must be treated accord- 
ing to its merits. Unceasing watch must be kept 
lest at any one of the many stages mistakes should 
be made, lest skins should be kept too long in a 
moist state, or the drying should be hurried. 

Formerly, as in the drying of textiles, rule of 
thumb methods were the fashion ; but the old 
order has changed and is yielding place to new. 
^ience, the handmaiden of all arts and industries, 
is beginning to take her rightful place, and in conse- 
quence new methods are being introduced, and better 
and more constant results are to-day attainable. 


The Manufacture of Fur Articles. 

From the fur dresser and dyer the finished skins 
pass to the furrier, whose work (‘onsists in making 
them into articles for personal and domestic use. 
This work may Ik? divided into several divisions, 
and though an experienced furrier is capable of 
executing the whole of the work, most firms 
employ men for each department. 

L?t us supjiose that a lady’s sable set is required. 
The skins to be used are carefully sorted and matched 
according to colour. A pattern in paper is usually 
made and the skins laid over this in order to see 
how many are required. The furrier then cuts off 
legs, tails and heads, as well as any bad patches on 
flank or belly. Should there be small bare jiatches 
in the skin they are cut out, a V^-shaped cut being 
made from the licit side, and the edges again sewn 
together, fn tiiis process of cutting, a knife of 
|)eculiar pattern is used. One is shown in th, and 
will bo seen to consist solely of a blade. It is held 
with the blunt end in the hollow between thumb 
and first finger, by the thumb and second finger, 
while the first linger is curved over the blunted 
circular back of the knife. 

It is necessary sometimes to match different 
parts of the skin. P^ir exainjilc, in sewing together 
two sable skins, head of one to rumj) of the other, 
there would be considerable iue(|ua]ities in the 
surface, so that it may be advisable to remove a 
portion of the r^liiij) in order to get a more even 
surface. Again, two skins, A and B, stitched side 
by side, may be of slightly dilfercnt colour or 
fulness. Accordingly, they are cut down the 
centre of the back, the left-hand half of A is stitched 
to the right-hand lialf of B, then the remaining 
halves are sewn together and the two comyiosito 
skins sewn as required. By this means a more 
even article, botli \n surface and colour, is obtained 
than would be possible if the skins w’oro merely 
sewn together. 

After cutting away all undesirable parts of the 
skin, and the process just described, the skins are 
sewn together. For this ymrpose a, special 
machine is used. It consists essentially of a 
needle travelling horizontally, which just clears 
the surface of two circular discs or shallow 
cylinders iiluced in the horizontal plane and touching 
tangentially. Tliesc discs are kcyit together by a 
spring which can released at the will of the 
ojierator. In using the machine, the two edges 
which arc to be sewn are brought together botween 
the di.scs above-mentioned and held there after 
any upstanding fur has been jilaced in position by 
means of a blunt needle or other object. When 
ready, the machine is sot in motion —they are 
usually driven by a foot-treadle — and as the discs 
revolve, the skins travel on and the needle passe.s 
through both skins forming the stitch, and at the 
same time locking it. 

“ Nailing.” When the various pieces arc 
sewn together, the whole must be stretched so as 
to make the seams lie flat and to bring the piece to 
the shape required. To effect this, the process of 
nailing is necessary. For a flat article such as a 
tie or coat-lining, the skins are moistened on the 
pelt side, stretched out on a flat board, fur side 
downwards, and small nails driven in at the edges. 
For muffs a block is used, generally made in three 
pieces, which lit into one another by moans of a 
tongue and groove. The skins are stretched round 
the block and nailed securely round the edges ; 
sometimes several yiarallol rows of nails are also 
driven in in order to keep the skins straight. 
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The articles are allowed to dry on the naijing 
board or block and are then i^moved. Where a 
block has been used, the nails are drawn and the 
centre piece of the block taken out. This allows 
the muff to be easily taken off without altering the 
sKape. Next comes the process of lining. Silk, 
satin, or other material is employed, and between 
it and the fur a layer of cotton-wool or wadding is 
placed. This serves a double purpose — that of 
increasing the thickness and so making it more 
serviceable as a defence against cold, and also, that 
of making the muff or 


other article feel fuller 
and softer than it would 
otherwise do. 

Linings and 
Rugs. A largo part 
f>f tlic furrier’s work 
consists in the manu- 
facture of fur linings for 
coats. The skins arc 
matched as far as prac- 
ticable for colour and 
quality, and the pro- 
cesses of cutting and 
nailing carried out. 

Sometimes this work is 
' done in the <!ountries 
from which the skins arc 
obtained — as, for ex- 
am [)le, the dog robes 
from China, or the kid 
crosses and kid leg crosses 
from the same country. 

Marmot skins are occa- 
sionally made up into 
linings, which are sold 
under the name of mar- 
mot robes. 

The chief furs which 
are made into linings 
are musquash, opossum, 
hamster, kaluga (or sus- 
liki), squirrel back and 
squirrel belly (or squirrel lock, as it is gonorally 
called), mole, and mink. 

Hugs an? made from skins which arc best adapted 
for the purpose for which they are required. Vicuna, 
guanaco, and raccoon ai*e largely used for calriage 
rugs, while for hearthrugs, bear, wolf, goat, dyed 
either black or bear colour, and sheep skin are 
most frequently used. 

Seal Skins. In order to summarise the 
various processes which are necessary to convert 
a raw skin into a iinished article, it will be con- 
venient to take the sealskin as an example, and to 
describe in their proper sequence the different 
oporaliions which arc performed. 

The seals are killed either on the beaches or in the 
open sea. In the latter case they are sometimes 
speared, but it far more frequently happens that 
they are shot. When taken on land, care is required 
in the stages prior to the killing. On the Alaskan 
Islands the bachelor seals, or hoUuschickie, as the 
natives call them, of ages varying from two to seven 
years, are driven from the seal beaches to the killing 
grounds. This must be accomplished slowly, 
or the animals become heated, and the fur ru&i 
away at the least touch. They are driven in herds, 
and on arrival at the place of slaughter are stunned 
by means of blows on the head delivered with heavy 
wooden clubs. A sharp knife is plunged between the 
fore fflf^rs right into the heart, to kill the seal 
and to prevent further blood healing, as it is called. 
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As soon as possible tlie animals are skinned, and 
every available piece of skin is rmov^, and only 
little patches on the upper and lower lip and tail arc^ 
left. The skins, with their thick coat of blulmer 
attached, are taken to the oiiring-house, laid in 
piles, fur to polt,j|nd salt plentifully applied to the. 
flesh side. After remaining for about i 



they are rolled and corded, and sent for ‘shipment, 
anti it is in this state that the}?' arrive in London. 
They are then sorted according to size and quality, 
and put up for sale by public auction. 

From the saleroom 
they pass to the dresser 
and dyer, whoso work it 
is to change the unsightly 
objects into a presentable 
skin. The first work to 
be done is the removal of 
the fat or blubber, after 
which process the skin 
must be washed with 
various cleansing mate- 
rials, then dried as al- 
ready explained. 

The “ Unhairing ’• 
Process. The next 
)u‘ 0 ccss is that of unhair- 
ing. By damping the 
skins and quickly (Irving 
at a comparatively high 
temi^crature, the hair is 
loosened while the fur 
remains unaffected. The 
unhairer then proceeds 
to remove all hair, as far 
as is possible, first with 
the iinhairing knifes and 
then with his pulling 
knife. 

At this stage the fur 
presents a curly appear- 
ance, and is yellow to 
gr(;y- brown in colour. 
From the unhairer they 
pass to the dresser, who greases, mills, and cleans 
them, and prepares them for the dyer. It is im- 
portant that all grease should be removed from th(^ 
fur, as if this is not done the dye is not properly 
ub8orb(id, and an unirven and patchy colour is the 
result, with a depreciation in value. 

On receiving the dressed skins, the dyer combs 
out th(^ fur, and proceeds to apply the various 
mordants and colours. This is always done by 
brushing, beoause by this means the curl is taken 
out of the skin, and also the pelt is less injured than 
if the skins were dipped in the dye liquor. Between 
each operation of bnishing — and tnere are many 
of them — the skins are allowed to dry, and are then 
beaten to get rid of dust from the materials 
which have been employed. * 

When the dyeing operation is completed, the 
skins undergo a thorough cleaning in sawdust to 
make the fur bright and soft*.ana to remove all 
traces of the dyestuffs from th^ottom of the wool, 
where it is apt to lodge. This is necessary in order 
that the skins may feel soft and full to the touch. 
If dirty, they feel somewhat harsh, and the fur does 
not flow easily when the hand is passed over it. 

Preparing the Pelt. Attention to the pelt 
is now required, as it is thick, heavy, and almost 
black from long" contact with "colouring matters. 
To alter this state of things the skins are handed over 
to the shaver, who moistens them and then shaves 
down the pelt to an oven thickness. In doing so, ho 
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caV^!^ off the outer discoloured layer and leaves the 
pelt almost white — ^generally tinged with yellow. 

After drying, the skins are carefully examined 
in order to pick out any that require machining and 
atageing. During these various processes the 
fur may become slightly disarranged. Oertaiu 
portions may be twisted, and, by the weight of 
skins above — they are always folded down the 
middle, pelt outwards, and laid in piles — print 
marks are produced. These spoil th<^ appearance 
of the skin, and are got rid of by the process of 
setting. The fur is brushed with a soft brush, 
moistened with either plain water or a weak solu- 
tion of various substances, and then allowed to dry. 

The skins are now finished, and are sent back to 
their proper owners. The me^rchant disposes of 
them to the furrier, who proceeds to manufacture 
from them jackets, capes, or other treasures so dear 
to the feminine mind. The furrier, instead of 
tunploying his own permanent staff, may hand 
the skins to a chamber -master, who is required to 
make so many articles from the skins provided. 
This jiractice is less eommon than formerly, as 
most furriers prefer to have the work done under 
their personal supervision. The jirocesses already 
descrioed are employed, the skins are cut, nailed to 
shape, and the pieces sewn together. Then the 
linings and jiadding are added, and the garments 
pass to the ndailer, who supplies the public needs. 

FEATHERS 

Feathers, like hair and nails, arc products of 
the epidermal portion of the skin. 

A feather consists of three parts : (1) A bam I, or 

calamus, which is the 

hollow, translucent ' 
part used for writing ; 

(2) a shaft, or rachis, 
which is opaque ami 
filled with pithy sub- 
stance (this is roughly 
quadrangular in trans- 
v(‘rse section with a 
longitudinal furrow 
along its inner side-' 
that is, the side turned 
towards the body ; the 
raehis, together with 
the calamus, form the 
quill); and (3) the 
inirbs. These an; sub- 
divided into barbvles, 
and the latter again ippK 
into barbicles. The 

barbs and their s\ib- 

divisions constitute the n. STEAMING OSTRICH F] 
web or vane. 

Foflthers are of different nature according to 
the parts of the body in which they occur. The 
conH^ur feathers, nr plumes, come chiefly from the 
wings and tail, and are the most important for 
ornamental purposes. Besides the plumes there 
are smaller, softer feathers, which are classified into 
downs, half-downs, and hair-like feathers. Finally, 
there are the small nesting feathers. 

The plumes art? the largest of the feathers, ami 
sometimes show magnificent markings and colour- 
ings, as in the case of the peacock and pheasant. 
The downs, on the other hand, are covered by the 
plumes, and are smaller, more fluffy, and more 
numerous. In aquatic birds — especially in those 
inhabiting high latitudes — the fluffy down is 
highly specialised, and is so elaborate as to form 
an imik>rtant feature of the plumage. 


Uses of Feathers. The principal uses to 
which feathers are applied are these : 

1. The manufaetiiiv of bedding, cushions, etc. 

2. Ornamental and decorative purposes. 

3. The manufacture of pens, toothpicks, light 
brushes for dusting and other domestic purposes, *■ 

iSometimes not only the feathers but the whole 
bird is used as an oruameut. This is notably the 
ease with birds of fiaradisc and various tiny hum- 
ming-birds. In other eases some part of the bird - 
for example, the wing, or the head and neck — is 
employed, while frequently the long contour 
feathers are plucked out and used. 

The list of birds whieii serve for ornament is a 
long one. Among them are : 

Birds of paradise: .Jungle cocks 


Birds of paradise: 
Black 
t.lreen 
King's 
Bustards 
Crested pigeons 
Crebe 
Heron 

Humming-birds : 
Amethyst 
Emoraid breasted 
Ruby 

Indian crows 


Kingtisluus 

Merles 

Orange r)riols 
Osprey 
Osirieli 
Peacock 
Pheasant : 
Common 
Japanese 
Seagulls 
Starlings 
3’erus 




11. STEAMING OSTRICH FEATHERS BEFORE CURLING 


TIutc are otluus, ))ut these are th(? more common. 

Of the foathqjrs usually seen, tho best -known 
are those of the ostrich, while tho most valii(*d 
ar(* those of tho egret. Tho real home )f the 

ostrich is Egypt and tlic Nortli African States, 
and these countries still 
provi<le a certain fiuan- 
tity. The bulk, of the 
supply, however, comes 
from South Africa, 
where the birds wer(< 
introduced sonic thirty 
or forty years ago. 
The rearing and farm- 
ing of ostrielu's havr^ 
been attended with 
such marked suceess 
that the killing of wild 
birds has bt‘en almost, 
if not quit(‘, abandoned. 
1’he profits from os- 
trich farming vary from 
year to year, and are 
determined by tw'o 
main factors — namely, 
supply and demand, de- 
ATHERS BEFORE CURLING pi'nding upon the dic- 
tates of fashion, and 
the priwalence of disease, to which the birds are 
particularly liable unless allowed practically un- 
limited space in which to roam. 

The birds are clipped every eight months, and 
each yields an average of about 20 ounces. Thc^ 
first crop consists of chicken feathers, which are 
know n commercially as spadanas. 

The ostrich feathers arc sold by judilu; auction 
in London, and for tho last five years the (piantity 
sold has averaged about 600,000 pounds per annum. 
This ropnisents an annual value of .£l,200,0(M) to 
£1,. '>00,000. About nine-tenths of the total amount 
comes from South Africa. 

The raw material is then ilistributed for manu.- 
facture to various parts of England, France, (ler- 
many, Austria, and the United States of America. 
The main processes of manufacture are known as 
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dyeing and bleaching, laying or preparing, sewing 
and curling and finishing [iOfii]., In addition to the 
inanufacture just mentioned, there is /a large in* 
dustry connected with the making df boas and 
feather trimming. 

4 Ospreys. £grct feathers, known to the trade 
os ospreys, are taken from the long-winged birds 
of the heron family. In character they are ex- 
cecMlingly soft and *silk*like, yet remarkably stiff, 
'rhe barbs are very fine, long, and filiform. These 
are largely used as ornaments for the hair, 
generally in conjunction with diamonds. Th^ 
price is exceedingly high, sometimes reaching as 
much as £8 per ounce. 

Considerable feeling has been shown by humani- 
tarians concerning the slaughter of those birds, 
which arc usually killed during the nesting season, 
as the plumage is then at its best. It is recorded, 
however, that (Egrets ilourish in confinement, and 
that the feathers taken from such birds are of just 
as high a quality, and command the same prices, 
IS those taken from wild birds. It is possible that 
this industry may be developed so that the re- 
jnoach of wearing “ murderous millinery *’ may 
he taken away from those who decorate their hair 
with thes(5 beautiful feathers. 

Plumage of many different kinds is collected 
%, in country districts, and from ]ioulterers in England 
and the various countries of Europe, and the manu- 
facture of these constitutes a very coiisiderable 
industry. Another branch of the feather trade is 
fan-making. In this ostrich feathtas are largely 
om))loyed, though at present these articles are not 
much in vogue. 

Preparation of Feathers. The preparation 
of featners consists mainly in the cl<*aning and 
dyeing of them. It is usual to dye only those 
which are intended for ornamental use in boas, 
trimmings, ladies’ hats, etc., but in the ease of all 
feathers a preliminary cleaning operation is neces- 
sary, since when taken from the bird they are im- 
pregnatf*d with various substances, such as blood 
and natural grease, which, unless removed, would 
undergo decomposition. 

Bed Feathers. For the making of beds, 
feathers are taken from the domestic fowl, ducks, 
geese, swans, etc., and the best of them arc plucked 
from the Jiving birds in spring. This kind is pre- 
ferred to those taken from the laxly after d('ath, 
as they are cleaner, freer from blood and animal 
fats, and less liable to become tainted. They are 
also rather more springy and elastic, and so better 
adanlcd for this particular purpose. 

Tile feathers are first dried in stoves by means 
of hot air, and then beaten with sticks to render 
them free and light. The dust is removed by 
shaking them in sieves, and the feathers are then 
ready for the manufacturer. 

For bed quilts the down of the eider duck {Sonifi- 
teria mollis) is unequalled, because in addition to 
ts extreme softness it possesses the property of 
great lightness. The down is supplied by the 
female, who, while sitting, lines her nest and con- 
tinually adds to the warm, soft lining, so that by 
the time the young are born there is sufficient 
down to cover them completely during her absence. 
Each nest yields about one-sixth of a pound of 
down, valu^ at 12s. to Ifis. per pound. 

Quills. Like the down used in the making of 
feather bods, the best feathers for quill -making 
arc taken from the living bird in spring. The most 
suitable, and at the same time the moat expensive, 
feathers w obtained from the swan, but large 
quantittM of quilb from the albatross, heron, 
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pelican, hawk, owl, etc., are used. For fine work, 
leathers of the crow are employed, but the main 
source of supply is the goose, which, in certain 
parts of Europe, is bred almost entirely for*this 
purpose. To all these feathers the following treat- 
ment is applied. 

The feathers on removal from the body are 
heated, in a bath containing fine sand, to an average 
temperature of (50® C. A portion of the grease 
and other adhering foreign materials is thereby 
softened and partly absorWl by the sand, whih' 
the remainder is removed by scraping the syil 
warm and pliable feathers. If desired, any pattern 
or design may bo then impressed ; on cooling, the 
quill is left as a dry, horny substance, ready for 
cutting to the shape of pens, toothpicks, etc. 

Feathers for Ornamental Use. The 

feathers intended for millinery purposes are first 
sorted according to quality and colour, the best 
{•olours and the purest whites being retained for 
use in the natural state after they have l)een 
subjected to proper cleaning. Those which are 
not to be dyed are washed in hot wato in which 
soap has b€‘en dissolved. This removes grcas(‘ 
and other ohjeotionahle matter. After this process 
they ar(' thoroughly rinsed in warm water, and 
those that are to be kept w^hite are. then bleached. 
Formerly this was always effected by moistening 
the feathers and j>lacing.them in closed chambers 
where they were exposcxl to thi? fumes of burning 
sul})hur. Now', however, hydrogen peroxide is 
largely enipIoy(Hl as a bleaching agent. It is more 
convenient to use, and possesses the further ad- 
vantage' of leaving a purer and more permanent 
white. Fi^athers and other articles that have been 
“ .sulphured ” are apt to return to their original 
yellow tint on long exposure to the atmosphere, 
or on coining into contact with any alkaline material, 
such as soa)). Bleaching with hydrogen peroxide 
is not opt'U to this objection. 

Even aftei* this treatment some feathers retain 
their yellowish east, and to correct this defect 
they are often dipped into a dilute solution of 
indigo or some other blue dyesstuff. This process 
is based upon the same principle as the one adopted 
by the laundress in “ bluing *’ linen after washing, 
for the addeki blue neutralises the yellow, leaving a 
much purer white. 

Feathers the colours of which arc unsuitable 
for natural use are tlyed. Dyestuffs such as lo;j;- 
w'cxkI and indigo are much uswl, though a far 
wdd(*r range of colours is afforded by the various 
so-called aniline dyes, artificial colouring matters 
derived from coal-tar pnxiucts. 

Before dyedng, the feathers must be well cleaned 
with soda in order to get rid of every trace of 
grease, and then carefully rinsed to remove the 
alkali, which would otherwise affect the ultimate 
colour. According to the dyestuff chosen, the treat- 
ment must be varied, since some — for example, ifflda- 
chitc-green, auramine, magenta, methyl-violet — re- 
quire a neutral bath, while others must be used in a 
bath made acid with either sulfuric or acetic acid. 
After dyeing, the feathers are ' well washed, and 
then carefully dried in revolving drums. 

Curling. After dyeing, the feathers usually 
require a certain amount of curling. This is 
effected by pulling them over a blunt knife, or 
by the cautious application of a hot iron. Some 
piumassicrs employ various curling liquors, with 
which they moiirt^n the feathers before dyeing. 
These liquors frequently contain small quantities 
of ammonia, and in some cases substances of a 
gumlike nature are added to fix the curl 
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Casting and Forging Scissor Blades. Haftlng.Knives 
and Forks, and the Various Materials Employed. 


THE MAKING 

Scissors. Scissors differ widely in regard both 
to material used and in methods of manufacture, 
both being controlled by the price paid. The .best 
are made entirely of crucible-cast steel. I^rgc ones 
have bows of wrought iron welded to steel blades. 
The majority of Corman-iriade scissors are cast 
instead of being forged, in consequence of which 
the hand-hammering that toughens and con- 
solidates the forged steel blades is sacrificed. 

Scissors possess a peculiar and spt^cial interest, 
because they are a very remarkable type of cutting 
implement. They represent an immense group, 
which includes not only scissors but the shears 
of all kinds employed in many industries and manu- 
factures, up to and including those which sever 
cold plates of steel 1 J in. thick. All alike operate as 
shears, in which two blades pass over each other in 
the same plane. The cutting edges are blunt by 
comparison with those of knives and chisels. An 
angle of from 30 to 40 degrees is included between thc5 
face and the edge, which alone is reground, or 
sharpened. Those edges also fidfil the function of 
supporting the material that is being severed. 

Now, the ixjeuliarity is that scissor- blades arc .so 
designed that the material shall be supported by 
them instead of becoming folded down Ixd wc*en the 
blades, as it does sometimes in poorly made instru- 
ments. So delicate is the formation, and so finely 
have the adjustments to be made, that the best 
scissors are hand-made from beginning to end. 

The Mechanics of a Pair of Scissors. 

In the first place, the blades arc not flat. Holding 
up a closed scissors to the light, it is seen that the 
blades only touch at the screw and at the point. 
They are (loncave, and they overlap slightly at all 
cutting positions, and therefore cut only at one 
spot at a time. Tn the second place, the blades 
do not fit tightly at the screw when they are o|)ened 
at right angles. Only as they close for cutting do 
they tighten, because slight elevations on each, 
the “riding parts,” by their mutual contact cause 
the edges of the blades to come into successive 
contact as they are closed for cutting. Thfui finally 
there is the hollow grinding of the faces in the 
transverse direction, which affords a slight “ clear- 
ance ” to the cutting edge, and so ensures freedom 
from useless friction. 

^clsaor Forging. The scissor blade is forged 
roughly from the bar of steel by hand [4], or it is 
stamped in dies. If it is of largo dimensions, a 
piece of wrought iron is welded on for the bow or 
logp, but, if small, the smith punches a small hole 
in the end of the forging which is to form the bow. 
Then very deftly ho opems out the hole, and, insert- 
ing in it a “ form ” or special anvil block, he enlarges 
the hole by hammering [6J, and in this way forms 
the bow in one piece with the blade. The blades are 
thus sent to the man who makes up the 8ci.s8ors. 

Although the occupation of the hand-forger is 
not yet gone, it is lessoning. In all the foremost 
factories scissor-blade forging is now largely taken 
by the belt drop stamps and power hammers. 
Half the impression of one half of the. scissor is 
cut in solid steel dies, one of which is attached to 
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the tup or head of the drop haminor^ and the other 
to the anvil below. Three blows on a piece of 
red-hot steel bar suffice to forgo one side of a 
scissor. The surplus steel lhn)wn out forms an 
irregularly shaped “ fash ” or “ fin ” around, the 
outlines, including the bow. This is removed in a 
stripping die — that is, a die pierced to the exact 
outline of the scissors, but cut right through, with 
some ta^xjr in tlu; clownward direction. iScissor 
blades stamjied thus are produced in two or three 
seconds, wholly of steel, with no weld for the eye, 
nor with any laborious opening out of the eye by 
hand-ha mmering. 

Making up. The first task of the man wlio 
makes up or assembles thi‘ scissors after their filing [6 1 
and grinding is to ])ut the blades together. He fiisl 
drills? a hole* to receive the screw [7]. This haS ihn c 
diameters, comprising the largest portion at the lop 
into which the head of the screw sinks; the inter- 
mediate size in which the screw fits freelj% but 
without any slack, and the smallest, entering the holo ^ 
in the lower blade into which the point fits tightly. 

At this stage the blades are hanhuied and tem- 
jicred. The ccAour for tempering is a mottled 
brown, or a purple, according to the size. 8omc 
d(‘licate manipulation follows, termed “setting,” by 
means of which the blades, being dealt with separ- 
at<*ly, are hollowed with judieiouFT hammer blows, 
both longitudinally from the rivet to the point and 
from the bac k to the edge. The object of doing 
this is to ensure that the scissors shall cut at one 
spot only, for, as already explained, if they lay 
flat face to face, they would not cut. The oxp)- 
rienced skill of the craftsman is the only guide 
through which the sweet cutting of the scissors is 
ensured. Afterwards the blades are ground, and 
the bows arc filed [ 8 ) and burnished. The blades are 
then screwed or rivcttnl [9J together permanently. 

The numerous shear-like tools and singlc-bladed 
cutting ones each absorb the labour of distinct 
departments. But much of the essential handi- 
craft described applies to all. Tjargo blades, whethor 
those of shears, sejthcs, and large knives, only have 
their cutting portions of steel, welded to a wrought- 
* iron backing. Methods of forging, tempering, and 
grinding are modified with conditions. 

Hafting. We have left the halting of knives 
to bo treated alone in order to keep the cutler’s 
steel -work distinct from operations that ar&> of a 
wholly different kind. Ivory, the most valuable 
material, has, by reason of the diminution of the 
supply, become too costly for any but the most 
expensive cutlery. Horn is employed extensively, 
and mother-of-jiearl, tortoiseshell, ebony, bone, 
German silver, brass, aluminium, alloys, xylonite 
or celluloid, and other materials sometimes. The 
subject has two aspects — that of the nreparation 
of the materials, and that of the methods by which 
they are attached to the steel goods. 

Ivory. When this is employed it is obtained 
chiefly from the tusks of the African elephant. 
The high cost of the material, ranging now to £90 
per cwt. for the best tusks, renders the greatest 
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economy in cutting imperAtive. The difficulty o£ 
cutting is increased by the . curved form .of the 
tusk, , which seriouslv interferes with getting long, 
straight pieces out of it ; by the fact that it is hollow 
for" about one- half its length from the base ; by its 
elliptical section when cut across, and by the pre- 
sonpo in some cases of cracks, and occasionally, 
too, of damage inflicted by rifle-balls. So that 
)>efore any cutting is done the tusk is very care- 
fully marked out on the end, both in reference to 
the cross section and Jbo the length of the cuts, 
and in order to utilise the material to the best 
advantage for the specific purposes for which the 
ivory is required. 

Generally the tusk is cut tangentially — that is, 
in slabs parallel with the diameter or axis — both 
to economise the material and to secure the best 
and finest appearance of the grain. If tapcre<l 
handles are wanted, as in table knives, they are 
sawn out of one another — that is, alternate thick 
and thin edges lie adjacent. A very thin frame- 
saw or circular saw [10] is used, worked by hand, 
and lubricated with tallow in ordc.- that as little 
material as possible shall be wasted in dust, ivory 
requires to bo seasoned similarly to wood. It is 
affected by atmos})heric influences, shrinking chiefly 
in width, with dryness, and cracking in a dry 
atmosphere. 

Xylonite. Xylonite, or celluloid, is an ex- 
cellent imitation of and substitute for ivory. The 
characteristic grain of ivory is absent, but only a 
close scrutiny enables one to distinguish between 
tlve two. It consists of a solid solution of the 
lower nitrates of cellulose (a component of v'egetahle 
tissues) ill cam|)hor. C-clluloid is plastic at 125° (^, 
a property which renders it higlily valuable not 
only to tlie cutler but in many other industries. 
Pieces can bo cemented together by simi»l(5 pressure 
at this lempi^rature. It is also easily cemented to 
metal, woocl, leather, etc., by the help of collodion, 
or of a solution of shellac and cam])hc)r in alcohol. 
In handling knives with this, after the handles arc 
bored they are soaked slightly in hot water, an<l 
driven on the tang by a hammer. '^Phe tang is 
usually serrated to afford a betti*r grip than plain 
edges would give. Xylonite will adhere to a pro- 
perly made tang without cith(^r a through-tang or 
an edge pin. 

Horn, Bone, and Shells. Stag horn is 
used extensively, most of it being imported from 
Germany. But the horns of oxen are also em- 
])loyed, being imported chiefly from abroad — from 
South Africa, India, and South America. The stag- 
horn is j^refcrable. The central parts are spongy 
and cellular, and the horn is therefore only retained 
intact when short ijieccs arc used entire, as in 
carvers. In other cases the horn is cut up with 
a saw, and is finished to shape by filing. The 
rough exterior is left in its natural state, as being 
suitable for affording a grip to the hand. 

The treatment of bovine .horns is different, 
because they consist almost wholly of animal 
matter, while the stag-hom more nearly resembles 
bone. The ox -horns are treated by maceration in 
water, in consequence of which they are detached 
from the bony cores which project from the fore- 
head, and around which the horns are dejwsitod 
in annual layers. After the tip ha^ been sawn off, 
the remainder is softened by immersion in boiling 
water , and then held in the fire, by which it is 
softened so much that it can bo slit down one side 
and opened out flat, when it is squeezed between 
plates of iron or wood. Afterwards the material 
IS treated aco6rdin|r to the specific purpose for 
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which it is intended. The plastic property which 
it possesses is duo to the presence of gelatine, 
which acts as a natural cement, and without which 
the horn would bo brittle. ^ 

For tho handles of knives the prepared horn is 
sawn into suitable siziJS, and, being warmed, . is 
roughly shaped with the knife, and finally passed 
in moulds or dies. The horn and -the • dies are 
dipped in boiling water and screwed together, and 
left to cool and set. Horn is dyed to imitato 
tortoiseshell by treaUng it with infusions of pearl- 
ash, quicklime, and litharge, dragons’ blood an4 
water, the details of which need not bo explained. 

Bono is used only in cheap cutlery, becoming 
brittle and discoloured with age. The shin-bones 
of the ox and those from tho bullock are used. 
Btiing largcdy impregnated with oil, they have to 
be lioiled and bleached. In this process they lose 
a portion of their gelatine, and acquire some brittle- 
ness. Bone is rather hard to saw and work. When 
finished, it is whitened by being soaked in turpen- 
tine, boiled in water, and polished with wliiting 
and water. 

Mother-of-pearl is obtained chiefly from tho 
shells of the ])earl-bearing oyster of the Indian 
seas, but other bivalves are laid under contribution. 
The shells can be sawn and filed, but the brittle 
]M>roelaineous shc'lls cannot bo treated in this way. 
They can be split into loaves for the handles of 
knives, though this is too risky to be often adopted. 
They are readily cut with a hack-saw, and are 
ground on a wet grindstone. 

The plates of a marine tortoise or turtle are also 
employed for knife handles. The largest plates 
measure about 12 in. by 8 in. by about in. thick 
in tho centre. I'he material is treated similarly 
to horn. They are dipped in boiling water to 
temper them. Tortoiseshell can be cut and cemented 
w hen softened in boiling w ater, plates of metal, as 
nickel and brass, arc also used for handles, and 
some woods, as ebony and boxwood. 

Hafting Table-Knives. The drilling of the 
handles of ivory or celluloid is done by hand. 
Machine drilling has been tried, but does not give 
so good results as hand. Tf the hole is slightly 
out of centre, tlu' tang shows as a dark line on one 
side, which condemns the* handle. An ordinary 
drill is used, .5-32 in. diameter, very sharp, and 
running at 1500 to 2000 revolutions per minute, 
and driven by a narrow belt from below. The 
drill shank carries a bobbin for the belt, and it is 
supported in two forks set up on tho bench. The 
workman holds the blank on his knee, and moves 
it towards the drill. He only drills about half an 
inch at a time, using oil on the drill, and turning 
the handle over at each interval until the hole is 
through tho handle, or only partly through, accord- 
ing to the method of hafting adopted. 

Forks and spoons are among the products of 
the cutler. Both are stamped from sheet metal. 
This is supplied rolled to the gauge required. It 
is then cross-rolled to form the handles, and tho 
prongs of the forks, and the bd^ls of the spoons. 
Tho shape is next stain in dies. Afterwards 
the edges are trimmed by hand-filing. The instru- 
ment, being now ready for electro-plating, is 
chemically cleaned, and dipped into a solution of 
mercury in nitric acid, ready to receive the pre- 
liminary . coat of silver. A scratch-brushing fol- 
lows, when the full coating is given in the dead *’ 
vat. Immersion in the “ bright ” vat follows, 
succeeded by a rinsing in hot water, polishing, and 
cleaning with rouge. JOSEPH G. HORNEB 
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Harder Examples In Factors. Tbe Remainder Theorem used in Factorising 
Multinomials. Highest Common Factor and Lowest Common Multiple. 

THE REMAINDER THEOREM 


HARDER FACTORS 

63. We shall now w’ork a few miscellaneous 
examples in factors. * 

Example 1. Find the factors of 
(x^ -f 5xy - 8 (.r- + ox) - 84. 

This is equivalent to i/' - 8j/ - 84, if we sup})osc 
5.x; to eipial i/. The factors of the latter 
expre.ssion xire (]/•+• 8) (</~14). 

Hence, we have 

4- 5.x.)‘2 - 8 -f* 5.«) - 84 

= (x^ 4* ox 4* 8) (x“ 4- o.* — 14) 

= (x-h 2 ) (x 4- :i) (x 4- 7 ) (x - 2) Am. 
Example 2. Put into factors 

(x -h 8) (sc 4- 4) (jc 4- 8) (x -\- 7) - 40. 

This is easily reduced to the form r)f Ex. 1. 
For wo notice that (x -f 8) (x 4- 7) i(ive.s 4* Ida: 
4-21, and (.c4- 4) (.xj + 8) gives ;i*- 18^:4 24, 

so that each product contains the terms x* I- 10.r. 
Wo therefore treat x- 4- KU* as if it were a single 
term, y. Tli us 

(x 4- 8) {x + 4) (x^ 8) (X + 7) - 40 
10.*: 4- 21) (xU- 10.r4- 24) -40 
= (x^ 4 KKr)*^ 4 45 (.r‘^ 4 lOjr ) 4 504 ~ 40 
[since (i/ I- 21) (\f h 24) — i/- 1 45 »/ 4 504] 

=-= {x^ 4 lO.r)*^ H- 45 4 10.x;) 4- 484 

= (a:-4 10.r4 18) (x- 10 j: 4 29) [See Ex. 1] 

= (x 4 2) (x 4 8) (a:- 4- 10.*: 4 29) /tit.s. 

Example 3. Find the factors of 

(if t- ,-) (;; 4 x) (x 4 if) 1 xi/z. 

The jxroduct of (.*: 4 ij) and (x 4 v) is 
.r- 1 (•/ 4 .',) X i- yz. 

Hence, the given expre.ssion 

— (if 4- ::) {.r- 4 (»/ 4 ::) x I- yi} 4 xijz 

— y" (// »■ ' ) 4 X {ij 4 r.)- 4 ifZ (y \~ z) t xyz. 
The first two of tlmse expressions eont^iin a 

common factor x (y -h t), and the last two con- 
tain a common factor yz, so tliat we proceed as 
in Art. 55 and obtain 

X (y 4 ;:;) {r 4 ( «/ 4 -)} 4 yz {(»/ 4 ::) 4 x] 

-- X (i/4 :) (.r t- y 4 z) 4 ]r: {x y 4 z) 

= (;*; 4 1 / 4 r.) {x (■»/ 2 ) 4 ijz] 

= (a: 4 y 4 z) (yz 4 2 a: I- xy) A ?<.s. 

Example 4. Find the factors of 

(i/ - s) 4 1 / (z - .r) 4 2 “ (x - ?/). 

Arrange tlie given exprc.ssion in p(jwers of a?, 
and we get 

(y -z)-x (y2 ~ z^) 4 yh - yz^ 

or 

{y-z)-x (y-z) (»/4 2)4 !/z (y-z). 

It is now evident that (;/ - 2 ) is a factor of the 
expression. Thus, we have 

(y-z) {x^-x(y+ z)-\- yz} 

(x-y) (ir-2) 


64. Rational Integral Expression. A 

result w'hich is of groat use in finding factors 
is that known as the Remainder Theorem. 

Before enunciating the theorem we must 
define “a rational integral exfueJision." 

An expression is .said to be integi'al when it 
does not conbain a htter in the denominator of 
any term. It is said to be infpyral with respect 
to any iKxrticular letter when it does not contain 
that letter in the denominator of any term. 
x^ 2j:*/ 

Thii.s, --- — / is integral with re.spect to x, 

0(1 4h 

An exju’ossioii is rational when none of its 
terms contain square or other roots. 

The Remainder Theorem. If an 
expression which is integral with respect to x, 
and rational, bo divided by x - «, the remairuicr 
is equal to the rc.sult obtained by substituting 
a for X in the expression. 

For the sake of .shortness we shall use the 
symbol S, to denote the expie.ssiou which is 
rafioiial and integral with resfiect to x. Thus, 
S, may stand for some such expression as 
a:^“7i^'4 9. Then the symbol S., will .st/and 
f<»r tiie rc.sult obtained l)y sui).stitut ing (t for a: 
in Ibis expression — /.c., for (t^-7<*“ 4- t). 

Nt!xt, suppose we divide the expro.s.sion by 
x-(i. The remainder, if there be one, will bo 
of a lower degree than the divisor — /.p., the 
remainder will )iot ('ontain .r. 8up[)o.se wo 
denote the (luotieiit by Q, and the remainder 
1)3' R. Tlicn, since 

Dividend - Quotient x Divisor 4 Remainder, 
wo have 

Q{j:-n)4R . . . (i.). 

This result ts true whatever be tlie value of x. 
It. will therefore be true when x eijuals a. But, 
when X — o, the factor x — a equals 0, and 
therefore tlie product Q (x-a) equals 0. Also, 
since K does not contain, x, it i.s unaltci’ed by sub- 
•stitutiiig a for x. Thus, the result (i.) becomes 

S. -R; 

that is, the remainder is e<iual to the result 
obtained by substituting a for x in the given 
expres.sioii, 

65. Again, if a: - « is a factor of tlie expression 
S,, there will be 110 remainder when we divide 

by x — a, ?.#»., R— 0, and, therefore, Ba— 0. 

Hence, ?/, when a is substituted for x in an 
expression which is rational and integral with 
resjfert to x, the result is zero, tk^i x-~ais a factor 
of the. expression. 

Example 1. Resolve - 13aj 4 15 into 

factors. 

If we substitute 1 for x in this expression, we 
obtain 1 - 3 - 13 4 15, which euuals 0. Hence 
it follows that a: - 1 is a factor of the expression. 
By actual division we can find the other factor, 
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but a better method is as follows. Remember 
that our olyeot is to find by what 1 must be 
mifltiplied in order to obtain - 13a; + 15. 

Clearly, if we multiply a; - 1 by we obtain the 
term a;^, but we also obtain - X'^, We, therefore, 
still require ~ 2x^ - 13a; +15. In a similar way, 
if we multiply a; - 1 by - 2a; we obtain the 
necessary - 2a;‘^, but we also get 2x, To make 
this agree with the given , expression reciuires 
-15a: + 15, i.e.^ - 15 (a; - 1). Thus, we see 
that 

ar^-^3a;‘^-13a;+ 15 
^a:2 (a;~l) -2a; (a:-l) -15 (a;-1), 
and that a; - 1 is a factor is now evident, 
the expression being 
s= (a; - 1) (a;2 - 2a; - 15), which, by Art. 57, 

= (a; - 1) (a; + 3) (x - 5). 

Example 2.. Resolve a;^ — 2a;2 — 14a; — 12 into 
factors. 

In iliiscase the result is not zero when wo 
jmt :r = 1, or when we put x ~ 2, or when 
a; = - 1. But, if we try a; — - 2, we obtain 
-8-8 + 28-12, which is equal to 0. Hence 
a; - ( - 2), f.c., a; + 2 is a factor. The rest of the 
process is the same as in. Example 1. Thus 
a;:‘-2a;^- Ua;-12 

=r (a; + 2) - 4a; (x 2) - 6 (a; + 2) 

— (a; + 2) (x^ - 4a; - 0) A hm. 

Note that it is useless to substitute values of 
X which are not factors of 12. For, if a; - a 
divides a;‘* - 2a;’^ - 14a; - 12, it is clear that a must 
divide the term 12. 

Similarly, in Exanqde 1, we only need try 
factors of 15, i.^., 1, 3, 5, 15, or the same values 
with negative signs. 

EXAMPLES 18 

Resolve into factors 

1. (a;2+ 2a;)2-ll (a;2 + 2a;) + 2i. 

2. (a; + 1) (a; + 2) (x + 3) (x + 4) - 48. 

3. (a; + 2) (x + 4) (a; + 5) (a; + 7) + 8. 

4. x-^ (y — z) + 7/2 (z - a;) + - y). 

5. (6 - c)2 + (c - rt)2 + (a - bf, 

6. ar^+ 3a;2-6a;-8. 

7. a:^ + 4a; + 3. 

8. 7/z (y-z)+ za; (z-a;)+ a;y (a;-y). 

HIGHEST COMMON FACTOR 

66. The Highest Common Factor, or H.C.F., 
of two or more algebraical expressions is the 
exi rossion of highest dimensions [Art, 29] which 
will divide each of them w’ithout a remainder. 

67. The H.C.F. of simple expressions can be 
written down by inspection. 

Example 1. Find the H.C.F. of xhjz and 
x^yzK 

The first expression is divisible by x and by 
a;2. The second is divisible by a;, by a;*-*, and by 
7^, Thus a;2 is the highest power of x which 
will divide both. Similarly, y is the highest 
power of y which will divide both, and z is the 
Highest power of «. Thus the H.C.F. of x^yz 
and is 

Example 2. Find the H.C.F. of 
24a*6^^ and 27a26*c. 

By arithmetic we find that 3 is the H.C.F, of 
the coefficients 36, 24, 27. As in Example 1, 


the highest power, of a which divides all three 
expressions is a\ the highest power of h is 6^ 
and the highest power of c is r. 

Hence, the required H.C.F. is 

Thus, to write down the H.C.F. of two or 
more simple expressions, we 

(i.) Write down the H.C.F. of the numerical 
cocflicients. 

(ii.) Write down each letter wliich is common 
to all the expressions, and raise it to 
the low^est power in which if « occurs. 

68. The H.C.F. of multinomial expressions 
can be seen by inspection if we know the factors 
of the multinomials. We have only to write 
down ouch factor which is common to the ox- 
ju'cssions, and raise it to the lowest jxnvor in 
which it occurs. 

Example 1. Find the H.C.F. of x^ - x - 0 
and 2a-2-7.r+ 3. 

We have 

x^-x-C)— {x~~ 3) {x + 2) 

and 

2x2-7j:+ 3^ (a;-3) (2.r-l) 

Hence, the H.C.F. is a; -3. 

Example 2. Find the H.C.F. of 8a^ + 4o'’t 
~4a“7#2^ (5^2 + IHarb 12afA^ and 2ab 

Resolving efu*li expression into factors, we 
get 

8«^ + — Atr (2a^ h ab - 

— Aa^ (<t+ h) (2a -b) 

6a2 + 18(^26 + \2a}>^ -1- :^ab + 26‘^) 

— (wr (a f b) (a + 2b) 

2ah (a^ - />^) — 2<(h (a | b) (re - b). 

The 11. (.\F. of the numerical cuetficieiits 
4, t>, 2 is 2 ; of th<< monomial factors a.'^, a, ab 
is a ; and of the remaining factors is (a H- b). 

Thus the H.C.F. of the given expressions is 

2(( (a + b). 

EXAMPLES 19 

Fitid the H.C.F. of 

1. 3abr'\ 2dH>c^, bd^b'^c^. 

2. Ax'y-z, i(Sx-yz^^ Xi)xhjz^. 

3. 21a;'y 35a;2y*, 28a;'//V. 

4. a;- - 4a; - 1 2, X‘ - 3a; - 18. 

6. a;- -f 3a;// - 4// a; ' + bxy + 4//*. 

6. 2a- + 5a - 3, 4a‘-^ f 4a - 3, 2a- - 5a + 2, 

7. iSd^ + 7ab - 36'^, 4a‘'* f 12a6 + 95'^ 

lOa^ + 

8. 2a;‘^ (x - 27/)* {3a; + y), 4 a ;2 _ 2y) (3a; + y)K 

9. 12a;'* + ()a;‘*y - Ga;2y-, 3()x'* - 105a;‘-y + Ahxy\ 

69. H.C.F. of any Two Multinomials. 
By a method analogous to that used in Arith- 
metic [Art. 60 Arith., jjago 672J wo can find the 
H.C.F. of any two multinomial expressions. 

We can prove the same proposition for 
algebraical expressions as was proved for the 
two numbers in Article 59 of Arithmetic — riz., 
the common factors of a divmtr and a dividend 
are the same as the comnum factor’s of the divisor 
and the remainder. 

Suppose A and B stand for two multinomials, 
having some common letter, x. Arrange A and 
B in descending jxjwers of a;, and suppose A is 
not of higher dimensions than B. Divide B by 
A; let Q be the quotient and R the remainder. 
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Then 

B* AQ. + R • • • • (i.) 

and, by transposing the term AQ wo have 

R=B-AQ . . . . (ii.). 

Now, a factor which divides both A and R 
must evidently be a factor of AQ + R also ; 
80 that from (i.) we see that it divides B. 
Thus, any common factor of A and R must 
also be a common factor of A and B. 

In the Slime way, from (ii.) we see that any 
common factor of A and B must also be a 
common factor of A and R. 

Clearly, then, the common factors of A and B 
are the same as the common factors of A and R. 

If we now divide A by R, the H.C.F. of the 
new remainder and R will, exactly as before, be 
the same as the H.C.F. of A and R, i.e., of A 
and B. 

We have, therefore, only to continue the ] no- 
cess of dividing the remainder into the previous 
divisor until we reach the stage where there is 
no remainder. The last divisor is the rerpiired 
H.C.F. 

70. The above is only used to find the ro)n- 
pound factor of the H.C.F. If the given ex- 
pressions contain siuipJe factors, these must be 
removed first [Art. 64 ]. If these siin[)le factors 
have any H.C.F., it is found by inspection, and 
multiplied into the compound factor found by 
the process of Art. 69. 

71. Remembering that the process is only used 
for finding the midtinomkd factor of H.(*.F., 
and that each remainder contains the H.(\F. we 
are seeking, it is clear that we may multiply or 
divide any of the divisors or dividends by any 
monomUd expression whenever the process of 
division renders this ueces.sary. Instances of 
this occur in the second of the following 
examples. 

Example 1. Fiml the H.C.F. of 
and - iix- - l^2x + 28. 

It is generally best to arrange the work in the 
manner exidained in Ex, 2, Art. 76, page 
of Arithmetic. 

X -P 5 I X- - 2x “ 35 - 32x -P 28 1 x — 1 

x--7x x'-2x- -- Jinx 

5x-3r) - x' P 3x-P 28 

.^:-35 - xM- 2x4- 35 

X - ’7 

Thus, the H.C.F. is x-7. 

Explanation. We divide - 2x - 35 into 

- 3x^ - 32x 4- 28, the quotient being x - 1, and 
the remainder x-7. This remainder is then 

divided into x^ - 2x - 35, giving a quotient 
x4- 5, and no remainder. Hence x-7, the last 
divisor used, is the required H.C.F. 

Example 2. Find the H.C.F. of 

16a^ 4- 4a’** 4* 1 and Sa* - 16a*’ 4- a - 2. 


The H.C.F. is 4a2--2a4- 1. 

Explanation. Divide 8a* - 16a* 4* a ~ 2 
into the other expression. The remainder is 
32a* 4- 4a^ - 2a 4- 5. This has now to be 
divided into 8a* - 16a* 4- a - 2 ; so, in order to 
avoid fi actions, we multiply the dividend by 4, 
obtaining 32a* - 64a* 4- 4a - 8. Proceeding with 
the division we obtain quotient a, and remainder 
- 68a* 4- 2a‘* - a - 8. Now divide this remainder 
into the divisor we have just been using — viz., 
32a* -f 4a* - 2a 4* 6. In order to do this, the 
latter expression must be multiplied by 17. 
[To obtain the 17, take the L.C.M. of the co- 
eflicients of a*, 68, and 32. This is 4 x 17 X 8 ; 
hence 17 times 32 will be divisible by 68, j 
The remainder is 84a* - 42a 4- 21. This con- 
tains a factor 21, and since 21 is not a factor of 
the given expressions, we reject the 21, and 
proceed with 4a*-2a + 1 for our divisor. This 
last expression divides ~ 68a* -f 2a* - a — 8 
without a remainder, and is therefore the 
H.C.F. 

72. 3’() lind the H.C.F. of three expressions 
A, B, C, we first find the H.C.F. of A and B, 
and then the H.C.F. of this result and C. 
Clearly, we shall then have found all the factors 
which are common to A, B, and C. 

EXAMPLES 20 

Find the H.C.F. of 

1 . 2x* - 5x* 4- 7x 4- 5, 4x* - 1 1 x* 4- 17ar 4- 5. 

2. 6x*-7x' I lOx-4, 4x*-4x‘*i4 15x-7. 

3. -P 2a% - 6*, a* 4- a*6 - 2afP - 2bK 

4 . .3a* - 4rt‘- 4- 9a - 8, 2a* 4- oa* P a - 8. 

5. 8.r* - 8.r- - 4x - 3, 2x* P 3x* - 3x* - 7a; - 3. 

6 . 4x‘ - 4x* 1 .r* - 1 , 2x* -P 5x* - 2x 3. 

7. 8x* - Ibx’^ - 16x - 3, 6x* - 22x* -P 31 x* - 23x 

— 7. 

8 . Tx* - 2.3x'- 4 43;r - 8, x* - ox* - Ox* P 35x - 7. 

LEAST COMMON MULTIPLE 

73. Tlio Lowest Common Multiple, or L. (X M. , 
of two or more algebraical expressif)n8 is the 
expre.ssion of lowest dimensions which is exactly 
divisible by each of them. 

74. L.C.M. of Simple Expressions. 
The L.C.M. of simple expressions oati be 
written dt>wn by inspection. 

Example 1. Find the L.C.M. of x*y 2 , xy* 2 :*, 
and y‘'3*. 

Here, the highest power of x which occurs in 
any of the expressions is x*. Any common 
multiple of the expressions must, therefore, con- 
tain the factor x*. Similarly, since y* is the 
highest [)ower of y which occurs, any common 
multiple must contain the factor y* ; and since 
2 * is the highest power of z which occurs, any 
common multiple must contain the factor 2 *. 
Evidently, then, the common multiple of lowest 
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dimensions is strV^®. That is, the L.C.M. is 

Example 2. Find the L.C.M. of 2xz\ 

Sxw, and 6y2z. 

The required L.C.M. must contain each of 
the numerical factors 3, 2, 8, 6. TJio L.C.M. of 
these numbers is 24. Thus 24 is the coeflicient 
of the. L.C.M. required. 

Again, as in Example 1, since the highest 
p5wers of x, y, and z whicli occur are 
and 2* respectively, their L.C.M. is 

Hence the L.C.M. of the given expressitms is 
2^'YzK 

Thus, to find the L.C.M. of simple expressions, 
we 

(i.) Find the L.C.M. of the numerical co- 
eflicients. TJiis will form the coefficient 
of the required L.C.M. 

(ii.) Write down each letter contained in the 
expressions, and raise it to the highest 
power which occurs among the 
expressions. 

75. L.C.M. of Multinomials whose 
Factors are Known. The principle is (he 
same as for monomial expressions. Write down 
each factor that occurs, raised to the highest 
power which it has in any expression. 

Example 1. Find the L.C.M. of 
x^ -I- 2ax + a\ - a‘^, and x' ax- 2a^. 

Wo have 

x^ 4- 2ax 4* a^ — (x 4 a)- 

x^-a^ = (x 4- a) (x-a) 
x-~{- ax - 2a- - (x-a) (a; 4 2o). 

The factor (x 4- a) occurs, raised to the second 
power; (a; -a) and (a; 4- 2a) each occur as the 
first power. Hence the L.(^M. is 

(a: 4- a)2 (x-a) (a; 4- 2a). 

Example 2. Find the L.C.M. of 

2a^-2a*0-4a^d^, 9a'‘6 4- 12a^//-4- *iab\ and 
12a26‘^-20a6*-86^ 

Hero 

2a* - 2a^6 - 4a-6“ — 2a‘^ (a- -ab- 2b'^) 

— 2a^ (a - 26) (a 4- 6) 

9o^6 4- 12a-62 4- 3tt6'* — Sab (.3a- 4- 4a6 4- 6-) 

— Sab (,3« 4- 6) (a 4 6) 
12a‘^62 ^ 2()ab'^ - 8// - 4b‘^ - oab - 2//^) 

— 46- (3a 4- 6) (a - 26). 

As in Ai’ticle 74, the L.C.M. of the monomial 
factors 2a^, 3a6, and 46-* is 12a26‘^. The L.C.M. 
of the given expressions is therefore 

12a26^ (a -26) (a-h h) (3a 4- 6). 

EXAMPLES 21 

Find the L.C.M. of 

1. 9a6c, 16a‘-*6, 26V. 

2. a«-62, (a 4- 6)*, (a -6)2. 

8. x*+ y^^r x^yK 

4. 4jp* 4- 8a; - 12, 9a;2 - 9a; - 54, 6a;^ - 30a;2 

4-24. 

5. 6a;*4- 17x4- 12, 4x2 - 4x - 16, 6*2 - 7x - 20. 

6. 4x2-9, 4x2-12x 4- 9, 6x2-13x 4- 6, 6x2 

4- 6x - 6. 

7. X* - hxy 4- *2 - 4xy 4- 3y2, a;* - ^xy 

+ 2y2. 


8. x2 - 4i/2, 2xy ^ 6y2, \x\^ - 2xhf^ 

9. a3 4- (1% 2a2-.262, a:^V^-ab\ 4a36. 

10. 2x2 +^x-2, (ox - 7)2 - (X - 5)2, 2x3 - x2 

— 8x 4~ 4. 

76. When the factors of the expressions 
whose L.C.M. is required cannot be seen by 
inspection, we use the H.C.F. rule. 

Let A and B stand for two algebraical 
expressions wliose highest common factor is H, 
and whoso lowest common multiple is L. 

Divide A and B by H, and let the quotients 
be a and 6 respectively. Tlien 
A -- a X H, 

and 

B = 6 X H. 

Now, since II is the highest common factor of 
A and B, it follows that a and 6 can have no 
common factors. Therefore the L.C.M. of A 
and B is H X a X 6 ; that is 

L = H X a X 6. 

But H X a = A, therefore 
L — A X 6. 

Hence, the L.C.M. of two altjcfnalcal expressions 
is obtained by dicidiny one of the expressions by 
their H.C.F. y and multiply i ny the quotient by the 
other expression.^ 

77. Another im])ortant result is obtained from 
the relation 

L- Hxax 6. 

Multiplying both sides by If, wc have 
L x H - H X a X H X 6. 

But H X a - A, and H x 6 — B. Hence 
LxH- AxB; 

or, the product of any 1v:o cxprmK»i.s is equal to 
the product of theAr H.C.F. and their L.C.M. 

78. To find the L.C.M. of more than twc' 
tixpressions, whose fact.fu'8 cannot he readily 
setui, we find the L.C.M. of any two of the 
expressions, then the L.C.M. of this result and a 
thij’d expression, and so on until wo liave used 
every expression. 

EXAMPLES 22 

Find the L.C.M of 

1. 2x3 „ 2( >x - 21 and 4x3 _ 4^2 _ 

4- 21 . 

2. a3 - Ca’-* 4- 11a - 6 and a3 - 10a2 4 29a — 20. 

3. 8x3 ^ 4- 13x - 3 and fix^ - J 3x2 4- 9x - 2. 

4. 2x3 _ 4^,y2 _ 2xy2 -t- x-y -y^ — 2x3, 

and 2x3 ^ _ yii 


Answers to Algebra 

Examples 11 

1. x(x 2 4 - 6 ). 4. X ( 3 x 3 - 2 xy 2 4 - y 3 )^ 

2. « (a4- 64- e). 6. bf/{y-4x). 

8 . Ila6c (a6 - iV). 6. 3y3 (13xy 4- 15*). 

7. 2a (3x3 ^ 2ax - 4<i^). 

8. 17 (4-3x2). 9. yi^abci (iki^-h 66). 

Examples 12 


1 . (x4- a) (x4- 6). 

2. (a 4- 1)(62 4- 1). 

8. (x-y) (ax-6y). 

4. (a 4- 6) (c-d). 

9. (x2+ 2y2)(x2 4- 2*2), 
10. (x3 4- 2a) (y2-3a). 


6 . (x 2 4- 2)(y2-2). 

6 . (x4' 2y) (a-6). 

7. (x 2 4- 1) (x-a). 

8. (a4- 6c) (x-yz). 


3047 



OROUI* 3S— MATHKMATim 

Examples IS 

1, {x + 2)*. 6, 4 (a?* + y)*. 

2. (y-3)». 6. 

8. (5a -26)2. 7, (^.+ ^+2)3. 

4. -3(a2+l)2. 8. (a+6-Jc)*. 

Examples 14 

1. (ar+ 1) {x+ 2). 6. (a;-4- 5) (a:-30). 

2. (y-3)(y-5). 7. (y+l)(y+50). 

8. {X + 4) (a? - 7). 8. (a - 36) (a - 146). 

4. (a-f 17) (a -3). 9. (ar+ 13?/) (a;-~14y). 

5. (y + 15) (y - 16). 10. {x - lly) {x - 16y). 

11. 2 (a; -t- 15y) (a; - 3y). 

12. 3 (an- 126) (a -146). 

Examples 15 

1. (2x-l) (a;-2). 4. (13a:- 2y)(2a;+7v). 

2. (2a: 4- 3) (3a; + 5). 6. (12a; + 1) (11a- - 2). 

3. (3a; + y) (7x - 4y). Jd. (9a: - 2) (a: + 16). 

7. (17a;-37) (a;-5y). 

8. 4x (x-2) (3x-i). 

9- 2a:y (llx-3y) (5x-f 4y). 

10. 2(4x-l)(x-4). 

Examples 16 

1. (x-h 11) (x-11). 3, (1+6?/) (l-5y). 

2. (a + 46) (a -46). 4. (a6 + 7) (<*6 - 7). 

5 (O-J- xy) (6-x?/j. 

6. 2 (4x + 3?/) (4x - 3y). 

7. (2x + 5y + X - 3y) (‘ix -I 5?/ - x + .‘iy) 

-(3x+2y)(x+ 8y). 

8. (a + 26 + a - 26) (a + 26 - a -I- 26) 

= 2(1 . 46 - Sal), 

9. (3a + 36 + a - 6) (tia + 36 — a + 6) 

= (4a + 26) (2a + 46) 

= 4(2a+ 6) {a \ 26). 

10. (a2+ 6)2-16a-i 

= {a^ + 4a + 5) (a-* - 4a -h 5). 

11. (x2-2y2)‘^-:36xV 

5= (x*-* 4- 6x?/ - 2?/-) (x“ - 6xy - 2y*). 

12. (ya-l)2-.4y-^ 

= (y- + 2y - 1) (y- - 2y - 1). 

Examples 17 

1. (a + 66) (a*-^ - 5a6 + 256-), 

2. (3a -46) (9a2+ 12a6+ 166'^). 

8. (x^ - 2y^) (x* + 2xV 4y*). 

4. 2x^ (x + 2y) (x^ - 2a;?/ + 4y’^). 

6. (a + 26 - a) (a* + 4ai + 46® + a* + 2a6 + a*) 

= 26 (3a2 + 6a6 + 46‘0. 

(2.-*)(4a. + »! -f«). 

7. (a - 26 - 6 4- 2o) (a" - 4(t6 + 46'^ + 5a6 — 2a,* 

-26*+ 6»-4a6 + 4o^i) 

= (3a - 36) (3o* - 3a6 + 36 ) 

= 9 (a -6) (o*-o6+ 6*). 

*• (S ®) (m ■ ¥ + 

ExAUFLsa 18 
1. (** + 2a:)«-l,l (** + 2«) + 24 
=(»* + 2»-3) (a:* + 2ie-8) 

=.(*-1) (* + 3) (*-2) (* + 4). 


2. (*+!)(»+ 2) (»+ 3) (*+4)-48 
= (**+ 5*+ 4) (**+ 6*+ 6)-48 
= (»*+ 6ar)*+ 10(»»+ 3x)-24 • 

= (V + 61 - 2 ) (X* + 5* + 12). 

8. (*+2)(x+4)(x+6){*+7) + 8 
= (**+ 9*+ 14) (x + 9x+ 20)+ 8 
= (X* + 9x)* + 34 (X* + 9x) + 288 ‘ 

= (X + 9x + 18) (x* 4- <)» + 16) 

(x+ 3) (x+ 6) (x*+ 9x+ 16). 

4. x’ (y-z) + y"* {«-x) +z*(x-y) 

= x’ (y - z) - X (i/* - z*) + yz (y* - z*), arrangir!^ 
in powoi'H of X 

= (y-z) {x^-x (y*-l-z*+yz) + yz (y+z)}, 
taking out the factor (y — z) 

= (!/-*) {y* (*-») + y* (*-x)-x (z*-x*)}, 
arranging in powers of y 
= (y-z) (z-x) {y*+ yz-x (z+ x)} 

= (y - 2 (*: - y) - (-e'^ - y ■)}, arrang- 

ing in powers of z 

= (y-z) (z-x) (x-y) (-z-x-y) 

= -(?/-*) (s-a") i^-y) (* i- y+ *)• 

6. (6 - r)3 -t- (r - a)^ + (a - 6)-^ The factors of 
iliLs expreb'sioii are easily obtained fro.u the 
following. . We know that x^+ y-*+ — *Sxyz 

r-t (x + y + 2 ) (x^ + y- + 2 ^ -yz-zx- xy). Now, 
if .T + y + 2 — 0, the product on the riglit of 
this identity nmst evidently be 0, ?.«, we have 
x* t- ?/'** + 2 * — 3a7/3 — 0. Therefore x'^ f y^ + 2 '’ 
= ;ixy 2 . TJiis result, expressed in words, is : 

irhen thp sum 0 / three (jnuntilies is zero, the sum 
of thoir cubes is apial to three thues their product. 
In the given ex}un])le wo luive three ipuintities, 
6-c, c-a, ?mda-6. Tlie sum of those three 
is plainly zero. Hence it follows tlmt the sum 
of their cubes is three times their product, -i.e., 
(6 cf + (r-a)'» + (a - hf = 3 (6-c) (c-a) 
(a- 6) 

6. x‘ + 3x’ — (Kr - 8 

= (x^ - 8) + (3x- - bx) 

== {X - 2) (X-' 4- 2x -h 4) 4- 3x (x - 2) 

- (a: - 2) (r* *1 • 2x + 4 + 3x) 

- (x - 2) (x- 4- r>x + 4) 

= -(x+ 1) (x-2) (x+ 4). 

7. X* + 4x+ 3. If we put x = - 1 we get 
1 — 4 4- 3, which erpmls 0. Hence x— (-1), or 
X + 1 , i.s a facU)r. Thus x* + 4x + 3 = (x + 1) 
- (x + 1) + X (x + 1) + 3 (x 4- 1 ) = (x + 1) 
(x* - X- 4' X + 3). Again, putting x — — I in the 
second hwjtor, we see th?it x + 1 is still a factor ; 
th(»’ expression being (x4' J) {x^ (x + 1) — 2x 
(x 4 1) + 3 (x + 1 )} or (x 4- 1)’^ (x-* - 2x + 3). 

8. yz {y-z) zx {z~x) + xy (x-y) 

=■ X- (y - 2 ) - X (y^ - 2*0 + ]/2 (y - 2 ), arranging 
in powers of x 
= (.y-2) {x* -«(?/+ z)+ yz\ 

^(y-z) (x-y) (x- 2 ). 

Examples 19 

1. obc^, 5. x'+ 4y. 

2. 2 x’*y 2 . 6. 2a- 1. 

3. 7x'y . 7. 2a + 36. 

4. x-6. 8. 2x2(x-2y) (3x+y). 

9. 3x (2x-y). 

H. J. ALLPORT 


NOTE. The section on GEOMETRICAL DRAWING is now appearing in GROUP 3 
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aROUP l-SUCCESS • THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 24 

The Need tor Keeping Youthtnl In Spirit 
and Alert to the Movements of the Age. 

THE MAN WHO NEVER GROWS OLD 


Y OUTH) it may be thought, judging by 
first appearances, should be the rei 
age of success, though few persons succeed 
i^^ it. It is the age of superabundant 
energy and recuperative power, large 
hopes and soaring ideals. It is the age 
of experiment, action, and adventure. 
All the wisdom of experience, all the store 
of learning, that an old man amasses 
seldom compensates him for the loss of 
youthful daring and activity. Some of 
the greatest of achievements were done 
by mere boys. At sixteen Alexander the 
Great showed himself a capable governor, 
and at twenty he had mastered Greece 
and Was launching out on the conquest 
of Asia. In our oWn period, Krupp 
founded his immense business at the age 
of fourteen, and Mr. Joseph Chamberlain 
Was barely four years older when he laid 
the foundations of his remarkable career. 
In our Army and Navy most of the older 
men have to retire when ripe with expe- 
rience to make way for the promotion of 
young men with less knowledge but of 
more active temperament. For in these 
fields of action the spirit and dash of youth 
have been found often to prove victorious 
against the slow and cautious wisdom of 
men of middle age. 

In many departments of commerce, 
art, and science the young man still shows 
himself to be one of the best pioneers of 
new methods; and his qualities are so 
widely recognised at the present day that 
there is a general inclination to trust him 
with the conduct of affairs requiring rapid 
decision and progressive development in 
accordance with the changing conditions 
of modern life. But though the qualities 
of youth are of high value, there is so 
increasing a need for specialised knowledge 
in evei y direction that the man of middle 
age really possesses the advantage, if he 
combines his experience with the vigour 
and versatility of the young intellect. 

The man who never grows old is the 
master of the situation. On the one hand, 
he has the practical wisdom and large 
accumulation of knowledge that tell more 
and more in the growing complexity of 


our industrial and scientific civilisation. 
He has statesmanship-r-a gift that is rarely 
native in a man, and usually purchasable 
only by long and varied contact with men 
of affairs. On the other hand, he pre- 
serves sufficient of the spring of mind 
and resiliency of character of youth to 
enable him to respond quickly to any new 
stimulus and lift himself out of the ruts 
of routine. 

In itself, middle age is the most enjoy- 
able period of life. The body has ceased 
to grow, but it maintains its power for 
some years, and the decline in physical 
vigour is long unnoticeable in men who 
are not daily engaged in manual labour. 
In careers Where the power of the intellect 
is employed, a man of forty can look for- 
ward to twenty or more years of good 
work. Indeed, in many cases a man is 
at his best when he is treading the level 
tableland of middle age. His rainbow 
illusions are gone, but his real hopes have 
acquired substance and shape, and if he 
has ordered his life wisely they are within 
his reach. 

But a man must keep youthful in spirit, 
full of the zest of adventure, while he is 
gathering the knowledge and experience 
of life. The danger of becoming too old 
at forty is commonly run by men of 
twenty-five. It is somewhere about this 
period of life that a man makes himself, 
and determines what kind of middle age 
he will have. Men now seldom come of age 
at the legal time of life. There is too 
much to experiment with and learn and 
practise in the intricate and extensive 
fabric of our social life for a youth of 
twenty-one to arrive at his full intellectual 
stature. He is still but a child of larger 
growth, learning in the school of the world 
the last lessons of life, and equipping him- 
self for the real struggle in the arena of 
practical affairs. 

Four or five years of this schooling 
enable him to discern his limitations, 
measure his abilities, and steady his aim. 
Then it is that he is in peril of becoming 
prematurely old. For if he narrows his 
mind in too intense an effort to concen- 
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tratc his working powers, he is likely to 
win a little immediate success at the cost 
of much joy and strength and fulness of 
life in the latter part of his career. 

We live in an age of specialisation, and 
success often comes to a man who sticks 
to one thing and does it Well. In other 
words, many of our affairs run, like our 
railways, on grooves, and that man wins 
most quickly to his end who travels down 
the metalled way. But even in the grooves 
of modern life there is enough to keep the 
mind of an enterprising man alert, inter- 
ested, and eager for adventure. 

The great thing is to keep one's mind 
from sinking so deep into the rut of routine 
that it cannot see over into the world 
outside. We are living in an age of inspir- 
ing adventure in science, industry, and 
politics. Ancient empires are falling into 
ruin around us, and amid the ruins some 
daring spirits are labouring at works of 
reconstruction, full of romantic possibili- 
ties and far-reaching importance. In the 
world of science there are movements of 
upheaval and ferment and deeply based 
reconstruction. In physics everything is 
in the melting-pot. In chemistry there are 
immense continents of new knowledge 
awaiting exploration. As for the study of 
living things, it is now seen that Darwin 
scarcely got over the threshold of the 
mysterious house of life,, and none of its 
important secrets has yet been revealed. 
Then in industry the power of the inventor 
is continually changing the conditions of 
Work, and striking the public mind with 
wonder and amazement. 

* Thus, to the man who wishes never to 
grow old, there is ample material around 
him to keep his mind supple and his spirit 
bold and unflagging. A lively interest in 
the world is the best elixir of youth. 
For so long as a man does not feel dull 
he does not feel old, and there is a good 
deal of truth in the sa5nng that a man is 
only as old as he feels. And if it is equally 
true that a woman is only as old as she 
looks, this must be because her looks 
strongly influence her feelings, or because 
her feelings strongly influence her looks. 

However this may be, it is a Well-known 
fact that the strength and freshness of a 
man's spirit are largely conditioned by his 
outlook on life. Some young pessimists, 
wrapped up in their gloomy selves, feel 
older than a cheery and hale man of 
seventy who keeps all the windows of his 
mind open on life and Nature. '' A merry 
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heart goes all the day," sang Shakespeare ; 
" your sad tires in a mile." And certainly 
a cheerful, happy nature will, in one sense, 
keep a man young to the end of his life. 

But mere cheerfulness will not preserve 
the elasticity of mind and the advjenturous 
quality of spirit from which the young 
intellect derives its chief power. Indeed, 
a happy disposition in itself is likely to 
lead to too quiet and settled a contentment. 
There must be a healthy sort of restless- 
ness to keep a man’s intelligence alert and 
supple, and ready to respond to any new 
stimulus. And this active kind of recep- 
tivity is best acquired by cultivating a 
variety of intellectual interests. In 
physical old age, senile decay is brought 
about by a process of hardening that 
affects the arteries. Many a man whose 
body is in its prime has allowed his 
intellect to harden, so that it has become 
unresponsive to new ideas and novel 
suggestions. Such a condition of the mind 
is worse than the impairment of the body. 
It is usually produced by too dogmatic 
a way of looking at things in youth. 

It is true that when a man enters on 
practical life he has to make up his mind 
about certain things. Unless he does so, 
he will be wanting in force of character 
and directness of aim. But no one should 
be too anxious to make up his mind 
about everything. Human life is so com- 
plex, and the future lines of development 
of human society are so dimly shadowed 
forth, that there is room for ample specula- 
tion and inquiry; and a man will more 
than gain ih suppleness what he loses in 
strength if he keeps a large mass of his 
thoughts and opinions in an unformed 
state, and devotes some of his spare time to 
looking for grounds of certainty in regard 
to matters about which he is still in doubt. 

Some of the finest intellects in the world 
have retained this critical waiting attitude, 
and evidence of fresh growth can be traced 
right to the end of their careers. Among 
thinkers, Plato is remarkable for the 
continual development of fresh thoughts 
and new points of view. He lacks the 
strength and consistenc5r of a man like 
Herbert Spencer, who struck out in early 
life a far-reaching doctrine which he spent 
the rest of his days in applying. But 
Plato has his compensations. The chief of 
them is that he is as immortal' in appeal 
to minds of his own type as are the high 
mysteries of life on which he touches with 
so varied an art of approach. * 



In poetry/ the changing attitudes of 
Shakespeare form an enlightening con- 
trs^t with the single, steady point of view 
of Milton. Milton shows to the full the 
strength of the man who makes up his 
mind at an early age and then spends the 
remainder of his life building on it. He 
had an extraordinary strength of character 
that carried him safely through a period of 
political glory as well as through a period 
of bodily and mental trouble. Nothing 
could break his spirit, and in the blindness 
and perils of his later days he did his finest 
work. Shakespeare, on the other hand, 
had much less force of character. Too 
many of his interests were placed outside his 
own soul, and in one of his sonnets he 
bitterly laments that he had not a colder, 
stronger nature. But because he had 
more abundant and more vivid interests 
in life than Milton, his work is more varied 
and more comprehensive ; and his last 
play, “ The Tempest,"' has more of the 
fragrance and bloom of youth upon it 
than has his earliest love-poem. 

Some men of science possess this 
Shakespearian power of recapturing the 
spirit of youth after a life of hard work. 
The great French thinker Henri Poincare, 
whom some reckon the Newton of our age, 
is a good example of a mind that never 
grew old. His openness and versatility 
of view pained some of his fellow-thinkers. 
They regarded his patient, watching, 
expectant attitude, and his disinclination 
to make up his mind on first principles, as 
an unseemly levity in a scientific philoso- 
pher. It Was put down to a strain of 
French frivolity running through his 
massive intellect ; and several Well-known 
French dogmatists in science Were hurt by 
the nonchalance with which he attacked 
the very foundations of human knowledge. 
Bat already so much has been upset in the 
things about which he was doubtful that 
his fame is greater after his death than it 
was during his lifetime. When his work 
is compared with that of English men of 
science Who could write as well as he could 
— with that of Huxley and Tyndall, who 
made up their minds about everything 
early in life — ^the importance of retaining 
the youthful spirit of experiment and 
open-mindedness is clearly perceived. 

Of course, it is difficult even for a great 
man m our age of speculation to keep so 
many interests alive in his mind as 
Poincar^ did. But even ordinary men like 
ourselves must train our intellects to 
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flexibility if we wish to retain the qualities 
of youth in the days of fuller experience. 
At the present time many men of middle 
age look younger than their fathers did at 
the same time of life. This youthful ap- 
pearance is partly to be obtained by the 
easy method of shaving the face instead 
of growing a moustache and beard. But 
even the modern fashion of clean-shaving — • 
due perhaps to the example of Mr. Joseph 
Chamberlain in the days when his alliance 
with the Conservative Party made him an 
object of admiration to clubmen — does not 
fully explain the unusual youthfulness of 
the modern middle-aged man. It is largely 
due to the revival of physical culture, and 
to the popularity of the quiet, open-air 
game of golf, which now lures a man out 
of town when football and cricket, he 
finds, are becoming too strenuous a form 
of exercise for him. 

What constant physical culture does for 
the body a constant variety of intellectual 
interests will do for the mind. The only 
man who is too old at forty or sixty is the 
man who has no thoughts outside his office 
and his home. To keep young in mind a 
man must have intellectual exercise ; but, 
unfortunately, a good many persons think 
that novel-reading brings all tlie powers 
of the mind into play. As a matter of fact, 
the ordinary modern novel is an opiate 
rather than a stimulant. It is only a 
pleasant means of passing the time away, 
and of erasing the business and Worry 
of the day from the memory for a while. 
The modern play is usually a similar form 
of entertainment. Even our modern 
literature of revolt is often only senti- 
mentality in a perverted form. It neither 
innervates the mind nor touches and 
stimulates the imagination. 

The fact is that our literary art has 
become a thing of quite secondary import- 
ance. The main energies of our nationab 
life do not animate it. For good or ill, 
science is now the great creative force of 
our life; and it is chiefly by taking an 
interest in the cjjsvelopmcnt of some branch 
of science and by following the principal 
work done in it that a man can get an 
effective mental culture that will keep his 
intellect alert, open, and elastic long after 
he has reached middle age. And if he is 
connected with any industry in which the 
applications of scientific discoveries are of 
importance, he may be able to put to good 
use some of the knowledge he obtains. 

EDWARD WRIGHT 
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6R0UP 2— 6E0eRAPHY & TRAVEL • A SURVEY OF THE EARTH— CHAPTER 24 

The Population, Physical Features, Climate, and Resources 
of Canada. The Canadian Pacific Railway. Newfoundland. 

THE DOMINION OF CANADA 


L et us look out in a map the frontiers of 
Canada, noticing that its boundary with the 
United States is quite artificial. Of its total area 
,(3,600,000 sq. miles) large portions are of little 
value. Its natural advantages include (1) vast 
forests, supplying timber, an asset of cvcr-in- 
creasing value ; (2) immense and fertile wheat- 
lands ; (3) great jnincral wealth, including 
the rich Klondike goldfields of the Rockies ; 
(4) valuable fisheries ; (5) an unrivalled series 
of natural waterways ; ((>) a healthy, bracing 
climates, stimulating to exertion. 

British Columbia. This, the Switzerland 
of Canada, is the largest province of the Dominion 
(353,000 sq. miles). Tt has an equable climate, 
with much rain in the west. Its mountain 
scenery is amongst the finest in the world. The 
mountains provide two valuable sources of 
wealth — minerals and timber. There are gold- 
mines round Rossland, in the rich Kootenay 
district. Thick scams of fine steam-coal occur 
near the Crow’s Nest Pass, much of which 
is sent west to the Pacific ports and cast to the 
plains. Mining towns are continually springing 
up in all directions. The rivers, navigable only 
for a short distance, teem with salmon, the 
canning of which is a flourishing industry. Tho 
sea fisheries olf the Pacific coast, whose fiords 
recall those of Norway, are also valuable. Tho 
most important city on tho mainland is Van- 
couver, whence lines of steamers sail to China, 
Japan, and Australia. The capital is Victoria, 
on Vancouver Island, near the naval station 
of Esquimalt. The Nanaimo coal-mines in 
the vicinity arc extremely important. Prince 
Rupert is the i)ort of the Grand Tnink Railway. 

Arctic Canada. Round tho Arctic Ocean 
and Hudson Bay lie tho thinly peopled districts 
of Yukon (207,000 sq. miles) and North-West 
Territory (IJ million sq. miles), and Ungava, the 
northern part of Quebec. The surface is tundra, 
or thin forest country, the home of many fur- 
bearing animals. Along the coast live a few 
Eskimos, but the bulk of the inhabitants are 
Indian hunters. A few white men are found at 
the trading posts scattered along the margin 
of tho hunting-grounds. Winter lasts several 
months, and then all travel is performed by dog- 
teams or on snow-shoes. In summer, light bark 
canoes are used on the numerous rivers and 
lakes. There are no towns. 

Alberta and Saskatchewan (253,000 
and 243,000 sq. miles respectively). In these 
states the surface is prairie land, though parts 
are wooded. In Saskatchewan are fertile wheat- 
lands, the area of which is rapidly growing. 
Owing to irrigation and dry farming, wheat is 
important in Alberta, which has many cattle 


ranches. Warm chinook winds dcsccmd from 
tho Rockies and melt the snow, so that stock 
can forage for themselves most of tho winter. 
These territories are rich in minerals. Coal is 
widely distributed in Alberta, and is mined for 
local consumption, helping to make up for the 
lack of timber. Petroleum is said to be abundant 
in tho north. Towns are rising. Regina is the 
capital of Saskatchewan, and Calgary, which is 
now rumoured to be the centre of vast oilfields, 
of Alberta. Medicine Hat is in a ranching 
district. Saskatoon and Prince AlbtTt arc the 
wheat centres on t he Saskatchewan. Edmonton, 
in North Alberta, in an extensive agricultural 
district, is the largest fur market in North 
America. Lethbridge has large coal-mines. 

Manitoba (232,000 sq. miles). Tho lake 
province, in tho centre of tho continent, lies 
partly in tho prairie wheat-belt and partly in the 
forest country, where lumbering is important. 
In the agricultural districts wheat is the main- 
stay, but dairy farming and tho fattening of hogs 
are rapidly becoming important. The capital is 
Winnipeg (140,000 people), a great railway 
centre, with excellent facilities for water com- 
munication in all directions. In autumn the 
railway traffic is enormous, as tho whole wheat 
harvest of the prairies has to bo forwarded to 
the eastern markets. Winnipeg has an import- 
ant university, and is rapidly becoming the 
political, social, educational, and commercial 
capital of the west. Tho other considerable 
towns are Brandon, a wheat market, and Portage 
la Prairie, with flour- mills. 

Farming in the Great West. Tn the 
wheat-growing prairies ploughing begins in 
autumn, and goes on steadily till stopped by the 
frosts of November or December. In April, wheat 
is sown first, when tho soil is still moist after the 
thaws. The early summer months may bo spent 
in breaking up new fields in thc^ virgin prairie, 
or in the care of dairy and other needful farm 
work. Tho hay harvest is carried in July, and 
if cattle are extensively kept there will bo a 
maize harvest to got in for winter fodder for 
the dairy cows. In August the wheat is ripe and 
the harvest begins. 

As soon as the grain is cut and stacked comes 
tho threshing, 4knd as soon as the threshing is 
over the farmer hauls his grain to tho nearest 
railway station, where it is sold and stored in 
the elevator, ready for transport to the east 
over tho Canadian Pacific Railway. [See 
** Farming in the Colonies ” in Aoricultueb.] 

Ontario. Ontario (366,000 sq. miles), tho 
richest province of Canada, lies between the great 
lakes and James Bay, a gulf of Hudson Bay. 
The northern climate is dry, bracing, and 
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extreme, but the neighbourhood of the great lakes 
makes Southern Ontario moist and rather 
enervating. Ontario is a region of low hills, 
lakes and rivers, many of which have falls. 
The north is densely forested, supplying valuable 
lumber. The Ottawa River brings down enor- 
mous quantities, to be sawn in the innumerable 
sawmills turned by the Chaudiere Falls. The 
southern part is cleared, and dotted with towns 
and villages at short intervals. 

The occupations of Ontario arc numerous and 
varied. Lumbering in the backwoods makes 
saw-milling, pulping, and other methods of 
working up timber i rnport ant. Southern Ontario 
is a farmer’s country. It produces wheat, but 
not so much as Alberta. Farmers find dairy and 
mixed farming profitable, and cheese and butter 
are produced in enormous quantities. The 
Lake peninsula, between Huron and Erie, is a 
land of orchards, where every kind of fruit is 
grown, especially peaches and grapes. Wine is 
made in considerable quantities. Special fruit- 
trains run from this district in the season, 
supplying cheap fruit to the large cities of 
Oanada and the United States. Round Lake 
Huron are deposits of salt and mineral oil. 
Nickel is abundant round Sudbury, and copper 
north of Lake Superior. Uobalt has important 
silver-mines. Other minerals, including gold 
and iron, are probably widely distributed, 
though almost unworked. 

Industries. The fisheries of the great 
lakes employ large numbers of persons, and 
fish-trains with refrigerating cars distribute tlu^ 
fish to inland centres. Manufactun's, carried on 
by water or electric power, are developing, and 
include textiles, railway plant, brewing, and 
distilling. Hamilton, on Lake Ontario, is a 
manufacturing centre. 

Toronto, the provincial capitiil, with a univer- 
sity, is a handsome town, with a good harbour 
on Lake Ontario. The Dominion ca^ntal, Ottawa, 
a great lumber centre, is finely situated at the 
foot of the Chaudidre Falls. It is connected 
by the Rideau Canal with Lake Ontario. 

Ontario is well situated for commerce. Rail- 
ways run in all directions, and there are many 
excellent harbours on the lakes. Canals have 
been cut to avoid the rapids between the lakes, 
the most important being the Soo, or Sault Ste. 
Marie, Canal, between Huron and Sujperior, 
where an industrial town is growing up. The 
tonnage which passes through the canals on the 
Canadian and United States sides of the rajuds, 
in spite of being frozen five months every year, 
exceeds that of the Suez Canal, so enormous 
is the volume of trade carried by this mag- 
nificent system of inland waterways. 

Niagara Falls. Lakes Erie and Ontario 
are connected by the short Niagara River, on 
which are the famous Niagara Falls. The 
river is a mile wide where it makes its great 
leap sheer down 160 ft. into the narrow, boiling 
ravine below, down which its waters surge to 
Ontario. There are practically two distinct 
fallil, separated by an island. The fail on the 
Canadian side is the Horseshoe Fall, a little 
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lower than the American fall. The power 
supplied by the falls generates electricity for 
lighting Toronto and Buffalo, and is also 
extensively used for industrial purposes. * 

Towns. Quebec (690,000 sq. miles) was 
founded by French settlers, and many of the 
inhabitants are French-speaking and ot French 
descent. The province, which includes most of 
Labrador, is densely forested, and lumbering 
is a leading industry. Agriculture and fishing 
are also very important. Minerals are abundant,, 
except coal. There is, however, ample water- 
power, and manufactures will be carried on by 
electric power. 

The largest city is Montreal, with excellent 
communication by river, rail, and canal. It 
is built at the foot of Mont Royal, and has many 
fine buildings. The shores of the St. Lawrence 
are lined for miles with wharves, from w.hich 
are shipped the wheat, timber, and dairy 
produce of the Dominion, and to which imports 
of all kinds arc brought. The manufactures of 
Montreal are growing rapidly. Quebec, the 
capital, is one of the oldest cities in America. 
Its commanding situation on cliffs above the 
broad river makes it the Gibraltar of the St. 
Lawrence. Hull, on the Ottawa, o^jposite 
Ottawa, and Sherbrooke, near Montreal, are 
manufacturing towns. 

New Brunswick. The maritime pro- 
vince of New Brunswick (28,000 sq. miles) 
ha.s immense forests, which are often ravaged 
by disastrous fires. Much lumber is cut in 
winter, floated down in spring, and sawn and 
worked u]> in summer. Minerals are abundant, 
but hardly worked ; the fisheries, however, are 
extremely valuable. The south and east are 
settled, but the towns arc small. The capital 
is Fredericton, at the head of the tidal waters 
of the St. John River, at the mouth of which is 
St. John. This j>ort is never closed by ice, 
and in winter it is a shipping port of the Canadian 
Pacific Railway. 

Nova Scotia. Nova Scotia (21,000 sq. 
miles) consists of the Nova Scotia peninsula 
and Cape Breton Island. It has high hills and 
broad valleys, with many lakes and rivers. The 
climate resembles that of England, but is more 
extreme. Atlantic fogs are common. The 
coast islands are rocky and poor, but the western 
valleys of the interior are famous for their 
apple orchards. Much of the country is forested, 
and lumbering is imporfant. Shipbuilding, a 
flourishing occupation before the days of iron 
and steel, has declined, but will develop as the 
coal-mines and ironworks around Sydney, on 
Cape Breton Island, increase their output. The 
fisheries are important. The capital is Halifax, 
with a magnificent ice-free harbour capable of 
holding the whole British Navy. Cape Breton 
Island somewhat resembles Scotland. Its 
inhabitants are for the most part engaged in 
lumbering, fishing, mining, and shipbuilding. 
Sydney is chief town. 

, Prince Edward Island. This small 
island (2200 sq. miles) owes much of its fertility 
to “ mussel-mud/’ the decomposed remains of 
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ghell’fish, of which there arc deposits many feet 
thick along the coast. The mud is raised by 
jnachinery and spread over the land, most 
of which is under cultivation. Dairy farming 
is important. Hay and potatoes arc grown for 
the United States markets. The fisheries, 
especially of shell-fish, are very valuable. The 
capital is Charlottetown. 

Newfoundland. Newfoundland (43,000 
sq. miles) has been called the Norway of the 
Now World. There is no little resemblance 
in the character of the island, with its long 
fiords running inland between high walls of 
rock, but the mountains are very much lower. 
The chief occupation in both is fishing, supple- 
mented by some farming. The Newfoundland 
fisheries are among the most valuable in the 
world. Three parts of the catch consist of 
cod, taken on the shores of Newfoundland 
itself, on the Groat Banks, a day’s sail away, 
and otf the desolate Labrador coast (120,000 
sq. miles), which is included in N('wfoundland. 
A large number of vessels go north annually 
to the seal fisheries. 

Newfoundland is mountainous in the west, 
but flatter in the east. The interior is forested. 
Both lumbering and shipbuilding arc important. 
Largo paper-pulp works, supplying several great 


The C.P.R. The trans-continental part of 
the C.P.R. begins at Fort William, on Lake 
Superior, whence the line nms west through 
a thinly forested region. About 50 miles from 
Winnipeg the country oj)ens out into level 
prairie, covered over vast areas by wheat-fields. 
At Winnipeg the sight of many miles of sidings 
and innumerable elevators brings home to the 
traveller the magnitude of the harvest of these 
vast plains. Beyond Medicine Hat the line 
follows the Saskatchewan valley, and reaches 
Alberta, in the ranching country. The distant 
Rockies appear on the horizon, and the line soon 
emters the foothills. ’I’he ascent is made by the 
Bow valley, amid glimpses of fine forest, moun- 
tain, and glacier sceneiy, to the 8un\mit of the 
pass (53(M) ft.). Tlu^ d(‘scent on the opposite 
side is by th(^ precipitous Wapta valley. “ The 
railway follows the river, crossing from side to 
side, and clinging to the ledges of dizzy preci- 
pices.” In the first ])art of the descent there 
is a drop of 1150 feet in five miles, and in the 
steepest parts the speed is reduced to five miles 
an hour. At last the canon opens to the broad 
valley of the Columbia, with a fine prospect of 
the Rockies on the one hand and the Selkirks 
on the other, with th(ur steep forested slopes 
rising to the glaciers and snow- peaks beyond. 
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English journals with paper, exist at Grand 
Falls, belonging to the Anglo-Newfoundland 
Development Company. Minerals, especially 
copper, are abundant ; iron is exported to 
Canada from Bell Island. Dairy farming and 
agriculture are developing. The capital is 
St. John’s. 

Trana-Canadian Railways. The 

C.P.R. , or Canadiam Pacific Railway, crosses 
Canada from ocean to ocean. The Atlantic 
|)orts are Halifax and »St. John, open all the year, 
and the summer ports of Quebec and Montreal. 
The Grand Trunk lino has constructed a railway 
from Quebec to Port Rupert, on the Pacific, 
north of the C.P.R., via Winnipeg, Edmonton, 
and the Yellowhead Pass. The Canadian 
Northern, from Toronto and Port Arthur, on 
Lake Superior, also passes through Winnipeg, 
Edmonton, and the Yellowhead Pass, but then 
turns south to Vancouver. A network of lines 
covers the regions round the great lakes, and 
connects with the lines of the United States, 
that by the Hudson to New York being the 
most important. 


A Wonderful Climb. This range is next 
crossed by a triumph of c*ngim‘ering. The 
line turns up the narrow gorge of the Beaver, 
clinging to the sides of the mountains, and 
turning up side valleys, till at last, betwcicn 
gigant ic peaks, and in sight of imposing glaciers, 
the summit of the pass is reached (4500 ft.). 
The descent to the valley of the Columbia, which 
has gone round the Selkirks while the line has 
crossed them, is made by the valley of the 
Illicilliwact, a descent almost as steep as that 
of the Wai)ta gorge. Here often as many as 
four tracks, one below the other, are in 
sight at once. At last, however, the Columbia 
valley is reached, and the line is carried across 
the Gold range by a low pass, which runs for 
many miles between vertical cliffs. Four 
beautiful lakes occupy the whole width of the 
summit level, and the lino proceeds west by 
the Shoushwap and Kamloop lakes, to plunge 
at last into the gloomy Thompson caiion, from 
which it emerges to follow the wild canon of 
the Fraser to Vancouver, the Pacific terminus. 

A. J. AND F. D. HERBERTSON 
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Mediums. Important Principles. Lllbtlng the Croup. Keys, Divisions, 
and Perceptions of Light and Shade. Drawing with Chalk and Stumps. 

LIGHT AND SHADE 


' i Btitdonts who have maBtorod the principles 

1 of object drawing should now attempt to 
shade the drawings ; but it must be distinctly 
borne in mind that correct drawing, as regards pro- 
portion and perspective, must bo accomplished first, 
for the most careful and finest shading in any 
medium will never hide bad drawing ; rather, it will 
emphasise it. 

Different Methods of Shading. There 
are many mediums in use for shading, and each has 
its own advantages and disadvantages. The most 
commonly used mediums are : 

1. PowpEBED Chalk and ^stumps. The groat 
advantages of this medium are that errors may be 
easily rectified, and work may be left off at any 
moment. Tne disadvantage is that it is a medium 
rarely used outside a school of art, and when doing 
more advanced work, such as drawing from life. Yet, 
on the whole, it is a very convenient medium in which 
to work and obtain a good training in the principles 
of the light and shade of any object, and excellent 
results are certainly obtained thereby. Figs. 896 and 
397 are taken from drawings made entirely with the 
stumps and chalk. The originals were much larger 
than the illustrations here given, being executed on 
paper 30 in. by 20 in. in siz(*. 

2. Wa.shks’of Water Colour {sepia or liquid 
I Indian ink). This is undoubtedly a very good 
medium to use, but, as errors are not very easily 
rectified, most careful observation of the object, as 
regards its tone values and so forth, must be made 
in order to have in the brain a definite idea of what 
is wanted before making a wash on the drawing- 
paper This is really a very good training for a 
Doginnor, as ho is compelled' to observe in a most 
searching manner before doing a stroke of his draw- 
ing or painting, unless ho wishes to got a result which 
has no freshness or life in it, but is all blotches, ^ 
smudges, ragged and woolly edges, with the good ’ 
drawing practically spoilt or lost altogether. 

3. Lead Pencil. Although this is a very con- 
venient mechum, and work may be left off at any 
moment, yet errors are not so easily rectified as 
when using stumping chalk, for the pencil lines are 
apt to bo smeared, and thus leave a greasy appear- 
anoe, when rubbed with the indiarubber. There 
is also the objection of ** shine.’* Most beginners 
have pot that light and certain touch which is re- 
quired to obtain satisfactory results with the pencil. 
Yet a, few lines of shading ploperly put in quickly 
give the appearance of roundness or solidity to an 
outline drawing. 

4. Academy Chalk. This has not the objection 
of ** shine,** but, like the lead pencil, reauires a 
delicate and certain touch to obtain really good 
results. It is a very good medium for those students 
who know exactly what value of tone is wanted 
before ^ey put it' down on paper, which, of course, 
means the student must have had a good training 
in judging tone values before he can use academy 
chalk successfully. 

6. C^RCOAL. This is a medium very much 
used in drawing from the antique or from the living 
model, and often by beginners in shading from simple 


objects or from a cast of an ornament. Errors may 
be very easily corrected, as the charcoal mbs off 
more easily than any other medium ; but when the 
drawing is completed it may bo “ fixed by spray- 
ing on it some shellac or gum arabic dissolved in 
spirits of wine. Charcoal is sometimes used with 
white chalk for drawing on coloured paper ; brown 
paper will do admirably, its colour being utilised 
for the half-tones, the charcoal for the shadows and 
shades, and the white chalk for the high lights and 
lighter toiies of the drawing. 

6. Pen-and-Ink. This medium is for advanced 
students, as considerable knowledge in drawing and 
shading is required before pen-and-ink work can bo 
satisfactorily accomplished. 

Principles of Light and Shade. The 

student must remember that he is now to represent 
objects, not by outline alone, but by means of light 
and shade ; and that, although ho makes a pre- 
liminary sketch in pencil, the outline must not appear 
in the finished slmded drawing ^ as there are no outlines 
in Nature, only edges, which are sometimes visible 
as light against dark, or vice vetsa. Often the 
edges are lost in shade, or it may bo that two ad- 
joining surfaces are exactly the same tone, and so 
the edge is invisible. Beginners often make greivt 
mistakes about edges, because, knowing they are 
really there in the objects, they feel that they must 
be put in ; but students must remember the rule ; 
“ .Draw what you see.” It will bo found that a 
better sense of atmosphere and relief will bo shown 
if the edges are lost, softened, or sharpened in their 
proper luaccs. 

Tones Impossible to Represent. 

There are so many various values of lights and darks 
in the objects around us that at firet the student 
may be bewildered, and not know what to do. 
Sometimes the contrast between the ” highest,’* or 
brightest light, and the ’’lowest,” or darkest dark 
tone, is so great that, although wo may be able 
with black chalk to obtain a tone as dark as the 
darkest shadow, it is impossiblb to represent the 
brilliant light with the means at our disposal, for 
neither white paper nor white paint is bright enough. 
For example, it is impossible to represent accurately 
some brilliant artificial light, and artists often over- 
come this difficulty by placing a small screen or 
shado in front of the brilliant light ; then, although 
a good deal of light is seen around the screen, yet the 
value in tone of the visible light is not so bright 
compared with the darker tones, and can be more 
truthfully represented. 

Lighting the Group. The preceding ist 
of course, an extreme example, and in ordinary 
cases we do not get such marked difference between 
” high *’ light and darkest shadow. The student 
should take considerable pains in arranging for 
the ** lighting ** of the object or objects ho is study- 
ing. The light should come, preferably, from the 
left-hand side of the student, so that it slants down 
at an angle of about 45 degrees ; care must also be 
taken to obtain a harmonious balance of light and 
shade. With artificial light it is difficult to avoid 
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METHOD OF SHADING WITH STUMPS & CHALK 
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hard, sharp-edged shadows, which rarely, if ever, judging accurately. There must ho continual and 

have an artistic effect ; but if a shade of “ frosted ’* inttuligent comparison between one part and the 

glass be placed over the light, a more diffused whole, to find out the relative values of tones, edges, 

jll iiihi nation will be obtained, and will cause the and the like. It is a capital plan to place the draw- 

edges of the shadows to bo softer. If the objects are ing beside the objects of study, then to sit in the same 

lighted by daylight, avoid letting the direct rays place from which they are being view'cd and drawn, 
of the sun shine on the group, for the light and shade and make careful, searching comparison between 

would change every minute, as the sun appears to the drawing and the group. The student w'ill bo 

move, and, also, tfie shadows would bo sharp and surprised how easily he will detect (‘i rors in judgment 
hard. The best light is diffused daylight. of tone values, and so on, and perhaps ho will ask 

»* T iaU« himself why ho could not see these mistakes, or why 

Shad^ A drawiSay boldoKv » k*v " at all when working on the .Irawing 

* %ht and shade. For example, a silver-point U 

drawing is in a much light.w ov higher kef of « th"*, ‘'o "“''vidually, 

tone than a study executed in Conte crayon, an. when the drawmg is at a d|Ktonco he is co^^ 

charcoal, sepia, or^tumping chalk, which may PoUed to look at it us « wWc. 1 hus, if he has an 

be in a medium or even a very dark or “low” ‘^rvant and critical eye, ho cannot fail to sec 

key of tone, and yet there is an excellent representa- <lis( repancies m his wor . 

tion of roundness or rcli d in the silver-point drawing. Yet, however c ritical he may be, tlu*re are sure to 
as in the others. Neverthele.s.s, a beginner should be errors which ho cannot fincl by himself, owing to 

not trouble about such transpositions of the key of his lack of training, and tluTofore he should obtain, 

tone, but should endeavour to rej)r(‘scnt as truth- as often as possibhs the criticism of some artist 

fully and accurately as he can the apparent values friend who has had considerable cxjjeriencc. 

of the light and shade of the 

objects of study in the same 
key as they appear. 

Divisions of Light and | 

Shade. Light and shade 
may be divided into five main i 
division, as follow: (1) Light, | 
the part of the obj('ct upon 
which the light directly falls ; 

(2) shade, the part of the object, 
turned away from the light, 
and therefore more or less dark ] 
in tone ; (3) shadow, which is 
the dark j)ort ion of surround- 
ing surfaces, and is j)roduccd 
by the object intervening 
between the source of light 
and the surfaces, forming a 
“ cast shadow,” as it is called ; 

(4) halj-tone, the imrt of the 
object’s surface whi(;h is 
between the “ light ” and 
“ shade ” portions ; (5) reflected 
light, w'hich is in some part of 
the “shade” surface, and is 402. stage I. outline SKETCH FOR SHADING WITH stump[N(J ghalk 




caused by the reflection of light 

from some other portion of iho same or another 
object. Kach of the above five divisions may bo 
subdivided into very many various degrees of 
light, shade, shadow, and so on, for, although one 
part may be light, it will rarely be of the same 
degree of light throughout that light part; and 
so vith the “ shade,” “ shadow,” “ half-tone,” or 
“reflected light” parts, there will usually be 
varying degrees of each. 

Training the Eye to See Light and 
Shade* The student will therefore sec that he 
has to make much careful observation and com- 
parison before ho will see the correct appearance of 
the values of the different tones. It is best to deter- 
mine first the darkest “ dark ” and the highest or 
lightest “light,” then it will be easier to judge 
an other values between those two extremes. The 
student’s work will now be more interesting than 
when drawing in simple outline ; he will have 
further means by which ho can give a truer and 
more lifelike representation of objects or views 
around him ; and his perceptive faculties will be 
put to still further severe tests of their powers of 


Shading with Chalk and Stumps. A 

box of shading materials, containing all that 
is necessary, may be obtained of any artists’ 
colourman. " Some chalk is spread on the chamois- 
leather palette, or on a piece of paptT, V)cing rubbed 
on lightly, so that no loose particles are about ; 
and the stump is rolled around in the chalk on 
the palette, so that about half or three-quarters 
of an inch of the pointed end is (‘venly charged 
with the chalk. Three stumps should be used — 
one for the darkest tones, one for the medium, 
and another, with scarcely any chalk on it, for the 
lightest tones. Always use the largest stump 
possible for convenience, so as to avoid a niggling 
style of work. Do not rub hard, or the work will 
appear dull and leaden, with no life or sparkle in 
it, as the pores of the drawing-paper (which should 
be Whatman’s or 0. W. S., uot surface) should not 
be choked with chalk ; but oven in the darkest 
shadows there should be an appearance of little 
points of light showing througn the dark chalk. 
Many students rub hard because, they say, they 
cannot make the tone dark enough without doing 
so, forgetting that it really is because they havu 
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not sufficient chalk on the stump, which should 
be freshly charged very often, when a dark tone 
is required. A piece of sharp-pointed rubber should 
be used to pick out the too dark spots or blotches, 
which will almost inevitably come where they are 
not wanted. Again, do not grip the stump as if it 



403. STAGE II. EVEN TONE OP SHADING WITH STUMPING CHALK 

were a broomstick or a crowbar, but hold it lightly, 
yet firmly, between finger and thumb, so that the 
angle it makes with the dra^ving- paper may be 
varied as occasion requires. The side of the stump 
should bo used chietly, and the point only when 
working in corners or confined spaces, or for certain 
kinds of sharp edges. 

There are several methods of putting the chalk 
on the drawing-paper, but perhaps the best is that 
shown in 898f a, n, c, and d, where in a each wavy 
stroke is placed close to the 
others in such a way that 
there is a general evenness of 
tone, although each stroke 
shows up rather distinctly, and 
the work is somewhat coarse 
and open. The light places 
should then be gone over with 
the stump properly (charged 
with chalk, so as to obtain the 
appearance in S 98 b. Then, 
with further use of the stump 
to fill in lighter places, and, ft 
necessary, the rubber to pick 
out the dark bloti^hcs, produce 
a more even tone, as in 898c. 

Ijast of all, finish with stump 
and rubber to obtain a tone 
like 898d. Beginners should 
draw a square, about 3 in. 
square, ancf endeavour to make 
an even tone (like 898d) to fill 
it, in order to got accustomed 
to the use of the stump. When 
this is satisfactorily accom- 
plished, draw an oblong, about 
o by 3 in., and fill it with - 
as m 899. Begin with the b'ghtest tone at the 
top, and gradually increase the depth or darkness 
of the tone. There should be no sudden change 
from one tone to the next in this exercise, and 
no blotches, but an effect like 899. 
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Simple Groups. Having mastered the 
technical difficulties of using the chalk, stumps, 
and rubber for obtaining an even as well as a 
gradua^d tone, proceed to study some eimpk) 
group, as shown m 400. The objects should b(i 
white or very light in colour, so that the student 
is not worried yet with colour 
values. Arrange the lighting of 
the group carefully, and place 
a large piece of white paper or 
cardboard vertically and about 
a foot behind the ^roup, an, 
for the present, it is best to 
work without putting in the 
background ; thus the white 
paper behind will help when 
judging the tone values of 
the objects in the group. 
Make a sketch, lightly drawn 
in lead pencil, not only of the 
objects, but also of the shapes 
of the shadows, and nearly 
rub out the pencul lines. 
Spend some four or live min- 
utes in careful observation 
of the group — ^as regards its 
darkest and lightest tones, the 
dilfei’cnt values of light and 
shade in the same or other 
surfaces, the changing value 
of the edge of the cast 
. . shadow, which is sharp where 

it IS close to the edge of the object which produces 
the shadow, and gradually becomes softer the 
fartluT^ the shadow^s edge is from that part of 
the object which causes the shadow. There may 
be reflected light in some shade surfaces, as in 
one face of the cube, and it must be particularly 
noticed that, although a plane surface may bc 
cqually lighted from dift’ust'd daylight or any other 
light, the whole surface of the jfiano will not 
necessarily appear to be of the same value of tone. 



404. STAGE in. CHIEF LIGHT SHADES TAKEN OUT WITH INDIARUBBER 

a graduated tone, but^ may seem lighter in one part than in another, 
as in the drawing-board and the three surfaces 
of the cube. 

Shading. Now proceed to' shade the darkest 
surface and cast shadiow of the cube. Dark tones 
should generally bo put in first, as their true value 
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is more easily judged than that of light ones. 
Next put in the medium, and afterwards the 
lij^ter tones, noting all the time thei» relative 
values and darkest tones. Pay attention to the value 
of edges, both of the objects and of the cast shadows. 
Then place the drawing beside the group, and make 


Another Method of Shading with 
Stumps and Chalk. Figures 402-4C6 show 
the different stages of a inon^ rapid method of 
stumping chalk shading. In 402 it will be seen 
that details of drawing arc omitted, because they can 
just as easily be drawn with the stumji when sluuling. 

The outline must not ho too 



faint nor too lightly dra\vn. or 
it will be lost altogether when 
the next stage is done. The 
even tone as shown in 403 is 
put on with either a very large 
stump, or, better still, with a 
pad made of a ]>ieee of chamois 
leather tied round some 
cotton wool, 80 that it is like 
a ball rather largcT than a 
walnut. Hub the pad in 
some chalk, and then on an 
o«ld piece of paper, until the 
correct evenness and value of 
tone can he made. Huh the 
pad all over tl>c tlrawing an<l 
a little outside it, so that an 
evenness of tone (not too 
dark) is obtained, ami the 
extra tone outside may he 



' ' rubbed out with the india- 

rubber, leaving the outside 


edges of the drawing fairly 


405. STAGE IV. MAIN SHADOWS AND SHADES ADDED TO CHIEF LIGHTS sharp. In the third stage })ick 


a searching criticism, correct all errors, and put 
more “ finisli ” in the texture of the shading, 
although “ finish,’* aa regards stippling, is not to 
take the place of, nor is it so important as, tlio 
inie mlupA of tones, edges, ami so forth. Neverthe- 
less, a certain amount of “ finish ” is reepured to 
represent satisfactorily the smooth texture of some 
kinds of materials. Do not forget that drawing must 
enter into every part of shading, for the former is 
not finished when the sketch <in pencil is made. 

A more difficult group, as 


out all the chief light tones 
with the pointed rubber, as sliown in 404, being 
careful to draw the correct shape of each light, with 
its varying* degree of intensity and different value 
of edge, now sharp, now soft. Fig. 405 shows the 
main shadows and shades put in with the stump 
in a broad and simpU* maimer, heave out all details 
at this stage? ; endeavour to nspn'scMit Iho chief 
planes of the surfaces W'itli tlH‘ir varying tones, 
and draw them of some dolinite shape, perhaps 
triangular in one place, reetangidar In another. 


shown in 40t, may now bo 
attempted. Here rounded ” 
or curved surfaces are to lie 
represented, but, keeping in 
mind the previous advice 
about observation of tone 
values, etc., no great difficulty 
should bo found. Do noib 
make the reflected light too 
bright on the lower right- 
hand edge of the sphere, 
ileflected light cannot be as 
bright as direct light, but is 
genetally much darker in tone. 

More Difficult Exer- 
cises* A series of exercises 
graduated in difficulty should 
be g'fne through, until the 
student is able to execute a 
shading of a cast as difficult 
as thg,t in 897» or of a group 
of objects like that in 396. 
The intermediate groups might 
consist of casts of fruit, foliage. 



406. STAGE V. FINISHED DRAWING WITH STUMPING CHALK 


or conventional ornament, or, 
for example, of two bricks and a hammer or trowel, 
a cup ana* saucer, a glazed teapot, a coconut and 
a wooden mallet, a candlestick and a box of 
matches, a piece of drapery hanging in graceful 
folds. Make all drawings fairly fill paper not less 
than 22 by 16 inches. 


Finally, finish stage V. as shown in 408; give 
attention to the necessary details and values of 
edges; blend one tone wdth another, if required, 
and give much care to the modelling of the 
lightest tones. 

WILLIAM R. COPK 
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GROUP 4-PHYSI0L06Y & HEALTH - THE BODY & ITS MAINTENANCE-CHAPTER 24 

The Dietetic Value of Meat, Fish, Eggs, Vege- 
tables, and Fruit. Cooking Meat and Vegetables. 

THE NUTRITIVE VALUE OF FOODS 


W E must now consider meat, the food that 
appears to most W estcrn peoples as the 
most important of all foods. It is certainly an 
important form of food. It consists of very 
much the same constituents as the living tissues 
of our own bodies, and it includes all that is 
needed for energy. Its protein is probably, after 
milk protein, the most important tissue-building 
food that we know. Halliburton’s “Physiology ’* 
gives the following table showing the average 
composition of various meats. 


It will be noticed that about 7.5 per cent, of 
meat consists of water, and that carbohydrate is 
almost lacking. Again our dietetic instincts 
have taught us aright, for wo usually take bread 
and potatoes with our moat, and thus make up 
the deficiency. 

Extractives of Meat. Extractives arc 
not separately mentionc'd in the above table, but 
butcher meat, as a rule, contains about 1*9 per 
cent, of extractives. The value of these extract- 
ives wo have already noted — they give tastiness 
to the meat, and, whether in meat, meat juice, 
gravy, or soup, they constitute a very powerful 
chemical stimulant of gastric juice, and thus 
render meat particularly grateful to the diges- 
tion. It is chiefly the extraetivos of meat that 
render meat protein more desirable than vege- 
table protein. 

Meat Power, If a man wish to get from 
meat alone all the protein necessary for tissue- 
building purposes, he will require to eat at least 
half a pound of meat, probably more than a 
I)Ound of meat, a day ; and if he wish to get 
also from the meat all his work-energy, he will 
require to eat about four or five pounds of 
meat a day. 

Digestibility of Meats. Meat, well 
cooked and tender, unless taken in excessive 
quantities, is well absorbed and leaves little 
residue, and there is little difference in the 
digestibility of different meats. Mutton, how- 
ever, is rather more digestible than beef ; and 
both mutton and beef are rather more digestible 
than lamb and veal, but the difference is due 
chiefly to denser texture and to comparative 
Jack of extractives. If all three meats be well 
cooked and thoroughly masticated the difference 
in their digestibility will be found to be very 
slight. Pork, on account of the fat which 


surrounds its fibres, takes longer to digest, and 
gives trouble to weaker digestions. The white 
flesh of fowl is usually thought particularly easy 
to digest, but it is questionable whether it is 
easier to digest than beef or mutton, except by 
the fact that it is tender and comparatively free 
from fat. The flesh of game-birds has often 
appetising flavours that assist digestion. 

Advantages of Cooking Meat. Raw 
meat is very tough. Its fibres are bound to- 
gether by the stringy substance known as connec- 


tive tissue, and, uncooked, it requinis very good 
teeth to tear and masticate it. Raw meat with 
the blood still visible in it, and looking just like 
the flesh it is, is repulsive to the ordinary civil- 
ised and refined man. Now, cooking converts 
the connective tissue into a soft, digestible sub- 
stance of the nature of gelatine, and the fibres 
are loosened and fall apart so as to become more 
accessible to the digestive juices. And cooking 
also removes the bloody a})[)earancc of the meat 
and renders it more agreeable to look upon. It 
further makes the meat more tasty, for during 
(booking the opportunity is taken to add flavour- 
ing matters. In addition — though this is not 
an original motive of cookery — cooking kills 
germs and microbes, and makes the meat k<*ep 
better.. It certainly saves us from ptomaine 
poisoning and from infection with various 
infectious diseases, such as tuberculosis, to 
which animals are subject. Finally, in cold 
weather the warm food warms the body. 

Disadvantages of Cooking Meat. In 
these respects, then, cooking is a wisp thing, 
but cooking has its disadvantages. It is true 
that the meat is separated into its constituent 
fibres, and thus rendered more permeable to the 
digestive juices, but the cooking coagulates the 
protein of the meat and makes it less easily 
digestible, so that, appetite -juice being equal, 
the raw meat is more digestible than the cooked 
meat. It has been found by experiment that 
raw beef is digested in two hours, boiled beef in 
three hours, and roast beef 1h four hours. In 
order to get the most nutrition from meat it is 
best taken minced and raw, and the ugly appear- 
ance can be easily disguised in various ways, 
as, for instance, with cream, but it is not 
likely that raw meat will ever become 
fashionable in ordinary diet. 


CIONSTIT CENTS 

OX 

CALF 

Via 

HOUSE 

Fowl 

Pike 

Wntcr 

70-7 

750 

72- tt 

74-3 

70-8 

79-3 

Solids 


21-4 

27 4 

2rv7 

20-2 

20-7 

Vrotelns, Including gelatin 

200 

19-4 

19-9 

21 -ft 1 

22-7 

18-3 

Fat 

1'5 

2-9 

e-2 

2r> 

4t 

0-7 

Carbohydrato 

0-6 

0*8 

()-6 

0-6 

13 

0-9 

Salts 

1-2 


M 

10 

M 

0-8 
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Various Ways of Cooking Meat. 

Meat may be cooked in various ways. It may 
be/oasted, boiled, fried, or stewed. When meat 
is roasted it should flret of all bo exposed to 
a temperature high enough to coagulate the 
proteins on its surface. In this way the juices 
in the interior of the meat arc sealed up. The 
meat is then roasted at a lower temperature. 
The outer brown layer on the surface of roasted 
meat has a strong flavour, and is a potent stimulus 
of the digestive juices. It is called osnmzone. 

Meat is .boiled on the same principle. It is 
first plunged into boiling water so that the 
coagulum on the surface may form a kind of 
bag to retain its internal flavours and juices. It 
is then cooked in water at a temperature con- 
siderably below boiling-point, since it is found 
that meat is more tender when it is cooked at 
a comparatively low temperature. Fish keeps 
its flavour better if it is boiled in sea- water, or 
in water to which salt has been added. 

When meat is fried the high temperature of 
' the oil at once forms a superficial coagulum. 

In the case of stewed meat there is no advantage 
in forming a coagulum, since any juices that 
escape are retained in the gravy and are con- 
sumed with the meat. Stewed meat, therefore, 
should never be boiled, and should never, in- 
deed, be exposed to a higher temperature than 
180° Fahr. Stewing is perhaps the best way to 
render meat tender, tasty, and digestibhs and 
probably tho best way to use tinned meats. 

Beef-Tea and Soup. It should bo under- 
stood that beef- tea is not a food. It contains 
merely the flavouring matters of the meat, and 
is an appetiser, not a nutrient fluid. 

Soup made from meat and meat bones also 
contains the flavouring matters of meat together 
with gelatine. It is the gelatine in the soup that 
makes it solidify when cooling; and it must not 
be imagined, as many people do imagine, that 
a soup is nutritious and strengthening simply 
because it solidifies when cold. 

Fish. Fish is often considered easy to digest, 
but it must be remembered that fish lacks the 
stimulating extractives of meat, and therefore 
in lack of appetite will not be readily digested. 
Its nutritive value varies a good deal with the fat 
it contains. Fat fish, like eels or salmon or 
herring, are much more nutritious than lean fish, 
like whiting or sole. 

Ther^ is a popular idea that fish- flesh contains 
an unusual amount of phosphorus, and that 
therefore it is good for brain- workers. Fish does 
not contain any more phosphorus than meat 
and bread, both of which supply quite enough 
phosphorus for the most active nervous system ; 
and if fish be good for brain-workers, it is good 
mainly because it is a light form of diet, does not 
tempt to excess, and puts little strain on the 
excretory organs. 

Eggs. Next in importance as complete foods, 
after milk, cereals, and meat, we may place eggs. 
The egg contains all that is necessary to build 
up a bird, and practically all that is necessary 
to build up a man. The eggs most in use for 
foods are the eggs of the hen, duck, goose, and 
turkey, and the following table, given by Wiley 
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in “Foods and Their Adulteration,” shows their 
comparative choiAical constitutions. 


(MIKMirVL CONSTITUKNTS OK EGGS. 



Water 
per cent. 

Protein 
per cent. 

l-'at 

Ash 

per cent 

Hen 

7IP7 

13-4 

jor> 

1-0 

Duck 

TO;*) 

13:1 

i4-r> 

1-0 

(rlK»SC 

09-5 

13S 

14-4 

1-0 

Turkey 

1 7;P3 

131 

11-2 

1-9 


It w'ill be seen that there is not much differcnco 
in the nutritive value of these eggs, and that the 
chief difference is a difference in the amount of 
fat contents. But in any egg there is a con- 
siderable differenct^ in the nutritive value of 
white and yolk. Of the two, th(‘ yolk is the 
richer in protein, and much the richer in fat and 
mineral salts. Tlu^ following table compares the 
constituents of the twa 


WHITE AND YOLK OF EGO. 



Water 

Protein 

Fat 

Oilier 

non-nltro* 

genous 

Matter 

Mineral 

Matter 

White .. 
Yolk .. 


12 6 
16-2 1 

O^.'i 

31-7') 

0-13 

0-.59 

1 (H) 


The proteins of egg are known as vitellin and 
nuclein, and tho latter contains both iron and 
phosphorus. The fats are like the fats of cream 
and butter and meat, and are i‘asily absorb(*d. 

Fee Constituents. Since eggs contain 
plenty of protein and i)lenty of lime and iron, 
they arc suitable food for building up the tissues 
of growing animals; and since they contain 
phosphorus, in the shape of nuclein and lecitliin, 
they arc particularly useful in building up the 
nerve tissues which contain phosphorus in these 
forms, but eggs lack carbohydrates, and there- 
fore are not good food for those expending 
muscular energy. As an all-round food they 
should be supplemented with carbohydrate food ; 
and man’s diet(;tic instincts have taught him to 
take (*ggs on toast, and to put them in starchy, 
farinaceous puddings. Haw eggs are more c;asily 
digested than soft-boiled eggs, and soft-boiled 
eggs more easily digested than hard-boiled eggs. 

Let us now give a glance at the dietetic value 
of vegetables and fruits. 

The Potato. The prince of all vegetables 
is the potato. No other vegetable in tho world, 
excepting, of course, some cereals which we have 
separately considered, is consumed so largely 
as potatoes. Every j^late of meat, whether beef, 
or mutton, or lamb, or any other kind of flesh, 
must in England have its potatoes, and so the 
consumption is enormous. The constituents of an 
average potato arc shown in the following table : 

COMPOSTTTG.V OK A POTATO. 

I per cent I 


Protein and other nitrogenous matter . . . . 2-50 

Starch 20-00 

Cellulose 3 *04 

Sugar and guniiuy matter 1 *09 

Fatty matter . . . . 0-11 

PectatcH, citrates, phosphates, and silicates of 
lime, inagiicKium, pritaf^.sium. and sodium . . 1-26 

Wat^er 7400 


100-00 

3063 




GROUP 4^HRALTH 


It will be Been that about throe- quarters of a 
potato consists of water, that about a fifth con- 
sists of starch, that there is not much protein, 
and that fat is almost nil. Some floury potatoes 
have an even larger proportion of starch, and 
some waxy potatoes moio protein. 

The Food Value of Potatoes. A potato 
is essentially a starchy food, and its best place is 
as a supplement to meat to correct the deficiency 
of meat in carbohydrate, but it is possible to 
live on potatoes alone, as has been proved in 
special experiments, and the Irish peasantry 
used to live almost entirely on their “ murphies.'* 
To live on potatoes alone, however, one must 
consume about five pounds a day, and five pounds 
of potatoes a day is apt to produce that disten- 
sion of the abdomen common among the potato- 
eating Irish peasantry, and known as potato belly. 

It is very important that potatoes should be 
well cooked. A well-cooked, mealy potato is 
easily digested, but a waxy potato, insufficiently 
cooked, is little less digestible than a golf-ball. 

Peas, Beans, Lentils. After potatoes, 
in order of importance, come peas, beans, and 
lentils. These are very exceptional vegetables, 
in that they contain a considerable percentage 
of protein. Sir Risdon Bennett, in “ The Book 
of Health,** gives the following table, showing 
the composition of beans, peas, and lentils : 


COMPOHITIOX OF BKA^^S, PEAS, AND LENTILS 



Drietl Green 
and Skinned 
Bnind Beans 

Harictit 

Beans 

Dried 

Peas 

Lentils 

NltroBcnous 
niattcr . . 

2905 

25*5 

23-8 

25*2 

Starch 

5585 

55*7 

58-7 ‘ 

500 

CelluloHe .. 

1 105 

2-9 

3 5 

1 2*4 

Fatty 
matter . . I 

200 

28 

2-6 

1 

2*6 

Saline ' 

matter . . ' 

305 ' 

3-2 

21 

2-3 

Water . . | 

1 8-40 1 

9*9 

8'3 

11-3 


A glance at this table will show at once that 
peas, beans, and lentils are rich and concen- 
trated protein and carbohydrate foods. 

Beans — For and Against. But, as wo have 
before suggested, we have to consider not only 
the quantity of nutrient material in a food, but 
also its digestibility ; and, unfortunately, peas 
and beans and lentils are not very easy to digest 
and absorb. A gram of pea protein is not there- 
fore by any means so valuable as a gram of 
milk or meat protein, and peas and beans cannot 
be considered adequate substitutes for chops 
and steaks. They contain, moreover, a good deal 
of sulphur, which is apt to cause flatulence, and 
a nitrogenous substance called “ xanthin,” which 
is believed to produce uric acid, and to be bad 
for the gouty. Still, they are useful as partial 
substitutes for meat ; and owing to the large 
quantity of lime they contain they ought to be 
good for growing children, provided always the 
children can digest and assimilate them. 

Watery Vegetablee, Most other vege- 
tables, such as turnips, and carrots, and cabbages 
and cauliflowers, consist mainly of water — some- 
times 90 per cent. — and are valuable chiefly for 
their flavours and for the mineral salts they 
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contain. In some cases they are useful to 
supply a residue and encourage movement of 
the bowels. Beetroot may be specially men- 
tioned, because of the large content of sugar.* 
Cooking Vegetables. All ^ains and 
vegetables consist mainly of vegetable protein 
and starch grains, together with . a con- 
siderable quantity of an indigestible woody 
substance called cellulose. Some of this cellu- 
lose surrounds the starch and protects it from 
the digestive juices, and the main advantage o( 
cooking vegetable foods is that heat and moisture 
break up the cellulose envelopes and expose the 
starch to the digestive juices. The vegetable 
protein, like meat protein, is coagulated by heat 
and rendered less eaeily digestible, but, on the 
whole, cooking increases the digestibility and 
nutritive value of vegetables. 

When vegetable sugar is cooked it may be 
converted into caramel or barley sugar or invert 
sugar, but these changes are of no dietetic 
importance. Fats, whether vegetable or animal, 
are unaffected by cooking. 

Fruits. Fruits in many cases consist, like 
most vegetables, mainly of water, with a little 
protein and a little sugar, and are valuable 
chiefly for their flavours and their alkaline salts, 
which may, perhaps, have more physiological 
action than we know ; but some fruits, such as 
dates, grapes, figs, raisins, have nutritive value 
because of the easily assimilated sugar th(?y 
contain. Others, such as bananas, contain large 
quantities of starch, while others again, such 
as olives, contain large quantities of oil. A fig 
contains more nourishment than the sanu? 
weight of broad, and a few figs or a few dates 
and a cupful of milk will suffice for a meal. 

Nuts. The nuts must be given a special 
place among fruits, for they contain large quan- 
tities of protein and fat, and a considerable 
amount — sometimes a great amount — of carbo- 
hydrate. No food, in fact, contains so much 
nutriment in so small a bulk as nuts. Almonds 
contain 24 per cent, of protein, 54 per cent, of 
fat, and 10 per cent, of carbohydrate. Dried 
chestnuts contain 71 per cent, of carbohydrate. 
Dried walnuts contain 15 per cent, of protein, 
62 per cent, of fat, and 7 or 8 per cent, of carbo- 
hydrate. So much protein commends nuts as 
tissue- building food, and so much fat commends 
them as suitable fuel for warmth and energy, 
and they are certainly good in both capacities, 
but their usefulness is restricted by the fact that 
their nutrient constituents are mixed up with a 

f ood deal of cellulose, which hampers digestion. 

'hoy are so hard, too, that unless the eater have 
a good set of teeth to prepare them for his 
stomach they require to be a^ificially ground to 
give the digestion a fair chance. It is quite 

r ible to live on nuts, and various enthusiasts 
BO, but it is better to be catholic than 
exclusive or eclectic in one*s dietary ; and it is 
very doubtful whether it is possible to attain to 
the same level of health and vigour on a diet of 
nuts alone as on a mixed diet containing nuts, 
and bread, and meat, and vegetables, and the 
other atioles that man has selected for food. 

RONALD MACFIE 
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Weight and ConstltueoU of Milk. Coollag. Sterlllslag. and Puteurlsing. Composition 
of Cream, Separated Milk, Whey, and Buttermilk. Analysis. The Sale of Milk 

MILK AND ITS PRODUCTS 


A I*TH0U0h a fluid, milk contains food in the form 
^ of fat (the chief constituent of butter), sugar, 
casein (a most important albuminoid), and various 
mineral matters. Its average composition is shown 
in the following table, wliich, with later tables, is 
from “ Elements of Dairy Farming,” by the author. 


Constituent 

Average 

Quality 

Low 

Quality 

High 

Quality 

Fat 

3*. 3.5 

2-50 

6-91 

Casein and albumin. 

3-45 

3-04 

3-48 

fluffar 

4-8.3 

4-90 

.5 02 

Mineral matter . . 

•72 

•66 

•72 

Water . . 

87-65 

88-90 

83-87 


100 00 

100-00 

10000 


If, however, we take the estimates and average 
analyses of various British and foreign authorities, 
the aveapigo fat percentage reaches 3*7, and the 
solids other than fat 9 per cent. [See also the 
chapter defiling with milk as a food, page 2939.] 
Colour. Milk varies in colour in aeeordanco 
with the breed or individuality of the cows pro- 
ducing it. . Jerseys and Guernseys, South Devon 
cows, and similar cattle in Franco and Denmark 

E reduce milk of richer colour than most native 
reeds, this colour being duo to the globules of 
fat which are held in suspension, and which, when 
removed, leave the fluid white. If, however, the 
casein or curdy matter bo also removed, as in the 
cheese dairy, the whey, which is the liquid remain- 
ing, is of a greeiiisli yellow colour, containing nothing 
but sugar and the mineral matter. 

Solids# The solid matter in milk is hold partly 
in suspension and partly in solution, tho proportions, 
r.s estimated by Duciaux, being as follow in milk 
of very poor quality. 


Solids 

In Suspension 

In Solution 

Fat 

Sugar 

•Casein (and albumin) - 
Phosphate of lime 
Soluble salts 

• Duciaux includes all 
term. 

Per cent. 
2-75 

2-72 

■21 

1 nitrogenous ma 

Per cent. 

5-38 

•55 

•14 

•35 

ttcr under this 


Milk varies in quality with the breed, the ago of 
the cow, the time which divides each milking, the 
date which has elapsed since tho cow calved, and 
the condition of her health. . The first milk, drawn, 
too, is much poorer in auality than the last milk, 
hence the importance of thoroughness in milking.' 

Colostrum. Whatever may be the quality 
of the milk of the individual cow, or tho difference 
between the various cows in a herd, the composi- 
Uon of the milk of mixed herds is very similar, 
owi^ to the fact that the milk of each cow is 
before it is despatched to tho purchaser. 
The first milk yielded by a cow after she has pro- 
drbed her calf, and known as colostrum, is poor in 


fat, but extremely rich in casein and albumin, which 
is present in all milk, but usually included under 
the term casein. 

Morning and Evening MllK Com- 

e ared. As the cow, however, progresses and 
>comes stale — namely, as she approaches the 
time of drying — her yield diminiBhes in quantity 
but sensibly increases in quality. It is beliovod, 
too, that with tho increase in age, especially after 
a cow has reached six years, her milk increases in 
quality, but facts do not fully warrant any state- 
ment being made as to its general application. 
When a cow is milked every twelve hours tho milk 
she produces is practically identical in qiiality ; but 
where the afternoon or evening milking is — as is 
tho case in this countiy — from seven to nine hours 
after the morning milking, the quality is sensibly 
increased in tho evening, and as sensibly diminished 
in tho morning. The evening milk is, theixdore, 
weight for weight, much more valuable than tho 
morning milk. 

Influence of Food. The influence of food 
on the quality and value of milk is not fully recog- 
nised. Producers, as a rule, believe that tney can 
improve the fat contents by high feeding, but 
this is not borne out in practice, and it is distinctly 
opposed to scientific teaching. 

Cooling and Aerating. It is important 
that milk '‘should be aerated, and, if intended for 
sale, ( 00 *sd as soon as it is drawn. The cooling of 
milk is imperative, for unless reduced to a tem- 
perature of about 50° F. in hot weather it will 
scarcely keep half a day, or sufliciently long to 
arrive sweet upon the breakfast or tea table. Tho 
modern system of cooliiiff, by means of either tho 
horizontal or the le^iticular cooler, provides com- 
plete aeration by which tho cow-liko odour of the 
milk is removed. Tho horizontal form consists of 
a number of tubes which cold water enters at the 
bottom and passes out at tho top, while the milk 
runs from a receptacle above over the outside cf 
the tubes, and passes into tho churn as it leaves 
the bottom of tho cooler. It will thus be observed 
that when tho milk is coldest it leaves tho refriger- 
ator at its coldest point, and thus with sufficiently 
cold water it may bo reduced from a tempera- 
ture of 90° F. to 50° F. in less than a minute. 
In the lenticular cooler, tho principle adopted 
is similar, although ice may bo packed within the 
interior in those mado for this particular purpose. 

; In both cases tho milk passes over tho cooler in 
the form of a thin film, and is therefore well ex- 
posed to the air, and its tem^raturo more easily 
reduced. If cool milk bo retailed in vessels which 
are covered with a white cloth it should keep sweet 
during the hottest weather. Whore milk is placed 
in a vessel, and especially if it bo covered with a 
lid, without cooling or aerating, its disagreeable 
odour is largely retained. The exposure of milk to 
any pungent smell should always be avoided, as 
it possesses a property of absorption which may 
render it almost unfit for use, or even for conver- 
sion into butter. 
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Specific Gravity. Tho density or specific 
gramty of milk varies in accordance \nth its quality. 
Specific gravity is taken for all ordinary purposes 
by the aid of an instrument known as the lactometer, 
but it is important that the temperature should be 
observed, inasmuch as milk expands with heat. A 
gallon of pure water weighs 10 lb. at 60® F. when 
the barometer stands at 30 in. Under similar con- 
ditions milk may weigh from 10*27 to 10 ’34 lb. per 
gallon, its specific gravity, by altering the decimal 
point, thus being 1*027 to 1*034, figures which may 
bo regarded as the limits. Although it is quite 
possimethat, while pure, milk may possess a density 
represented by either of those extremes, yet the 
probability is that it is watered or skimmed. 
Obviously tho fat globules of milk arc lighter than 
tho water of milk, which, as we have seen, forms 
some 87*5 per cent, of its composition, but the 
remaining constituents — ^tho minerals, tho casein, 
and the sugar — are heavier. If, therefore, wc re- 
move tho cream, which contains practically all the 
fat, tho density of tho milk is raised ; whereas if 
wo add cream to pure milk it is reduced. Tho 
reason why milk is slightly heavier than water is 
duo to tho* fact that the sugar, casein, and mineral 
matter, owing to their larger quantity, influence it 
moi*o than tho fat. Again, if water be added to 
milk, its specific gravity is reduced ; thus, milk 
with a low specific gravity is usually rcganlcd as 
watered milk. If we take » pure sample and 
assume that its specific gravity is 1-031, tho figure 
will bo increased by the removal of the cream. If 
wo add 10 per cent, of water, the density will bo 
reduced to 1*020, and still further reduced point 
by point until, when 50 per cent, of wat<*r is added, 
its density stands at 1*010. 

Testing for Adulteration. One of the 
common practices of the day is the addition of 
separated or skimmed milk to new or whole milk. 
As by the Government standard milk offered for 
sale must contain 3 per cent, of fat, it follows 
that a vendor' can dilute a rich sample — one which, 
for example, contains 3-7 per cent, of fat — with 
separated milk and still remain on tho right side 
of tho law, although the practice, if known, would 
subject him to prosecution. If wo assume that 
pure milk of good quality varies from 1*029 to 1*032, 
neither of which figures are extreme, there is reason 
to suspect its purity if it falls below the former 
or is raised higner than tho latter figure. A high 
specific gravity — 1*034, for example — suggests the 
addition of separated milk. It is ini])ortant in 
testing with the lactometer to obtain a table which 
is frequently sold with the instrument in order that, 
whatever its temperature when tested, its actual 
specific gravity may bo recognised by reference to 
tnc figures. Just as milk expands with a rising 
temperature, so it contracts as tho temperature 
falls, but this contraction ceases at about 4® C., 
below which expansion again begins. 

Fleischman has shown how; tho constituents of 
milk are divided in the process of butter and cheese 
making. -His figures are as follow. 


Substance 

Water 

Fat 

Casein 

SuRar 

Ash 

Whey 
Buttermilk 
Skim cheese 
Butter 

The loss . . , 

1 

780 

14-0 

3-6 

•6 

2*9 j 

3-2 

2-3 

31-5 

81-6 

1-5 

22-3 

13-8 

61-5 

•6 

l-S 

76-6 

11-2 

4-2 

•2 

7-8 

60-3 

12-5 

26-7 

•5 


100 

100 

100 

100 

100 


It should bo pointed out, however, that in tho 
manufacture of skim cheese a. larger quantity of 
fat is left in the skimmed milk tbaft under othpr 
conditions. 

The Fat In the Milh. If a drop of milk be 
placed beneath tho microscope, the field will be 
covered with a large number of tiny globules some- 
what evenly distributed, although somewhat irregu- 
lar in size, especially in the milk of Channel Islands 
cattle. A drop of the last milk drawn from the 
cow at milking time will contain a much larger 
number of these globules than a drop of the firsts 
or fore milk, while tho latter will contain still more 
globules of fat than are seen to be present in a 
drop of skimmed milk. 

Fat globules of average sizo measure about 
6 oV« of an inch in diameter, but the largest globules 
are about yoVo» smallest . of an inch. 

Tho number of globules present in a cubic milli- 
metre (to®oo of an inch) has been estimated at from 
a million to 3J millions. The fat of milk, which 
is represented by those globules, chiefly consists of 
olein, stearin, pahniiin, butyrin, caproin, and capry- 
lin, palmitin and stearin being regarded as solid 
fats, and the remainder as liquid fats or oils. Tho 
constituents butyrin, ea])roin, and c*a7)rylin in their 
corresponding form of fatty acids ore volatile. If 
we take tho average sizo of the fat globule of the 
Guernsey and Jersey eow at 100, and its diameter 
ooVo of an inch, the size of the globule in other 
milks will be found to vary from 110 to 133, and 
the diameter from TTrJo'o fo of an inch. 

Sixe and Number of Globules of Fat. 
In an investigation in which the milk of 15 cows 
of six different breeds was submitted to 150 ex- 
aminations, it was found that the number of globules 
of fat produced by the averages animal was about 
136,000,000 per second. 

The size of the globule, it may be said, 
exerts an important influence on tho success of a 
butter dairy. The larger the globule, the quicker 
it rises to the surface where milk is set for cream ; 
while tho smaller the globule, the longer the delay, 
and therefore the greater the difficulty in reaching 
the surface — a difficulty which becomes impossible 
when, owing to such delay in warm weather, acidity 
begins, tho milk is coagulated, and the passage 
upward blocked. The fats of which the globule is 
composed are in no case constant in quantity — 
especially varying with tho temperature and 
probably with the food consumed. In winter thc^ 
solid fats are larger in proportion, and the food 
smaller, while the volatile fatty acids frequently 
vary as winter approaches to such an exttmt that 
pure butter has, upon analysis, frequently been 
condemned as margarine owing to the similarity in 
its composition to that imitation butter in this 
particular respect. 

Agreeable as milk fat is to the palate, its 
odour and flavour are rapidly changed by exposure 
to light and air. This change is believed to be 
duo to the, decomposition of .the glycerides of tho 
volatile fatty acids, which is retarded by tho aid 
of salt and various chemical preservatives — which, 
however, should never be used. Decomposition 
is retarded by the skilful removal of all foreign 
matter in the manufacture of butter, especially of 
the sugar and casein, which, owing to tho fact that 
they are present in the cream, find their way into 
imperfectly made butter. 

The Sugar of MilR. This is one of its 
most constant solids^ and the one which in tho 
process of cheesemaking almost entirely remains 
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in the whey. It is composed of carbon and the 
elements, of water in the following proportions'. 
Carbon . . 40-00 

Hydrogen 6*06 

Oxygen 63-34 

IgJToo 

Sugar of milk does not ferment so easily as cane 
sugar. It can be obtained from milk by the eva- 
poration of the fluid in which it is in solution after 
the extraction of the casein and fat. In its pure 
sfttte it keeps well, and is soluble in hot water or in 
five to six parts of cold water. 

The Casein of Milk. The albuminoid 

matter of milk, which includes albumin, is usually 
described by this terra. The following figures 

represent the composition of casein : 

Carbon 53-83 

Oxygen 22-52 

Hyvirogen .. .. 7-15 

Nifrogen .. .. 15-03 

Hulphur . . . . A trace 

Although casein can be precipitated by various 
acids, including the lactic acid of milk itself, which 
causes spontaneous coagulation or curdling, it is in 
the process of choesomaking coagulated by rennet, 
to wniclue'crence is made in a subsequent chapter. 
Casein is one of the three important constituents of 
cheese, of which it forms about one-third. It is 
present in cream in. small quantities, but should 
be entirely absent from butter, in which, as it 
decomposes, it causes a disagreeable flavour and 
odour. The albumin of milk, unlike the casein, is 
not precipitate<i by rennet, but by heat ; hence 
the practice of many choesemakers of cooking the 
curd, as it is termed — that is, heating it to an 
unusually high temperature. The albumin of milk’ 
is believed to form about one-sixth part of its 
albuminoid matter. 

The Mineral Matter or Ash of Milk. 

This is utilised in the animal economy in building 
up the body and other structures of the body of 
wWh minerals form part. It is extracted from 
the soil by plants, and conveyed by them in the 
form of food to the cow. Average milk contains 
about 0*7 per cent, of mineral matter, usually 
described as ash, for the reason that when the solid 
matter of milk is burnt the minerals remain in that 
form. The chief mineral constituents of milk arc 
potash, lime, phosphoric anhydride, which forms 
about one-third of its total weight, chlorine, ftoda, 
and magnesia. Where milk is sold the loss of fertile 
matter to the soil from which the cows are fed in 
the course of a year is considerable, owing to the 
removal of. the nitrogen in the casein, and the 
potash and phosphate of lime in the ash. These 
three materials, as wo have shown in dealing with 
the science of manuring [page 305], form the three 
cardinal constituents of the soil, and those which 
are essential for the growth of crops. Where, 
however, cows are fed upon purchased cake or corn, 
and especially where, in addition, artificial manures 
are omployea, the loss through the medium of the 
milk may be ignored, that loss being variously 
placed at from 20s. to 258. per cow per annum. 

Bacteria in Milk. The maintenance of 
the sweetness of milk is almost as important as its 
pUtity. Milk changes with great rapidity during 
not Weather^ and at all times acidity is induced 
by the presence of microscopic plants known as 
[See Bactsriolooy.] The souring of 
milk is due to tactic acid bacteria, which convert 
the su^ar of milk into lactic acid. Bacteria causing 
{MitiefMl^on and' various diseases may also ^ 
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present. Milk alsocontains a variety of unorganisiMl 
ferments, some of which are responsible For the 
ripening and flavour of cheese, and of moulds. 
Among the former may be mentioned galactose. 

Sterilisation. Lister has demonstrated that 
where sterile milk is drawn from the cow into a 
sterilised bottle, if contact with air be prevented, 
and if the bottle bo hermetically sealed, the milk 
will keep. Milk, however, is now in daily practice 
sterilised by submisHion to heat at 212® F. for half 
an hour. The milk is first cleaned in the centrifugal 
separator, from which the cream tube is removed ; 
as it revolves, the dirt, the bacteria and other 
impurities are thrown to the sides of the vessel. 
It 18 subsequently passed into bottles, placed in the 
stcrilistir, with the stoppers loose, submitted to 
the required heat, when the stoppers are closed by 
a gloved hand in the live steam, so that the entrance 
of fresh germs from the air is prevented. Milk 
prepared in this way may be delivered to customers 
by the dozen, or by a week's or fortnight's supply 
acconling to arrangement. Unfortunately, steri- 
lised milk is very un^ialatablo. 

Pasteurisation. Pasteurisation differs from 
sterilisation inasmuch as the milk is submitted to a 
lower temperature — 175® F. — by which the bacteria 
are destroyed hut not the spores. Coagulation of 
milk does not take place until from 7 per cent, to 
8 per cent, of lactic ^acid has been produced. If 
betore this quantity be present the acid is neutralised 
by the addition of an alkali, coagulation is post- 
poned, but neither alkaline nor other so-called 
milk preservatives should in any case bo used. 
Although the opinions of experts differ as to the 
influence of these materials, the majority of medical 
opinions is to the effect that they are dclotorious to 
health, and especially to children and invalids. 
Pasteurised milk will keep lunger than raw milk. 

Cream. Cream is a milk product which possesses 
no definite standard. It may bo thin or thick 
when removed from the milk ; its thickness depends 
partly upon temperature, partly upon the presence 
of acid, and partly upon the quality of the milk 
and the system oi skimming or sotting adopted. 
By the aid of the separator, it can bo removed as thin 
cream — which means that it contains more of the 
milk serum. If set at a low temperature, and if the 
milk be cooled before it is set, the cream will bo 
thin. Cream cooled on ice, or slightly heated, will 
become thicker. In the latter case its apparently 
more substantial character is owing to the presence 
of acid and the slight coagulation of the casein. 
Very rich cream may contain only one-third of its 
weight of water, and very thin cream two-thirds. 

Devonshire Cream. Clotted cream, as 
made in the West of England, contains some GO 
per cent, of fat and 33 per cent, of water, with 
approximately 5 per cent, of casein. Commercial 
cream is frequently preserved by the aid of chemical 
preservatives, for which reason it is a less desirable 
food. If milk be set in open vessels with a depth 
of 5 in. to 0 in. for 12 to 24 hours for the oream to 
rise, and the whole be then scalded to 170® F., there 
is slight coagulation — in such a case the cream 
becomes dotted. In this form it is not only highly 
appreciated on the table, but keeps longer. The 
remark applies equally to the milk serum remaining, 
and to the butter produced from the cream itself. 

The Separator. If cream of 10 per cent, 
quality be remov^ by separation, that quality 
^ould be high. At wholesale price, 100 lb. of milk, 
or 10 gallons, would cost during the six months 
April to October, 6s. 3d. ; bo that one gallon of 

3067 



GROUP 5— AORIOULTURK , Id^y 


cream costs Is. 6}cl. per quart* plus the cost of 
separation. Such cream, however, is commonly 
sold by retailers at 4s. a quart, or 6d. a reputed 
quarter- pint jar, which is equal to 4s. a reputed' 
(jUxrt. Naturally, thick cream is frequently pur- 
chased, however, and thinned by the addition of 
milk before retailing. Where cream is removed 
by the separator, the quantity of fat 'left in the milk 
seldom exceeds 0*2 per cent., but where it is 
skimmed from the milk which has been set in open 
vessels the fat remaining may reach one-third of its 
total contents. 

Why Cream Rises. The rising of cream is 
due to its lower density, that density varying from 
rOOO to rOHl, so that, while it is lighter than milk, 
it is heavier than water. The practice of estimating 
the quality of milk by the aid of a creamomeier is 
fallaciops ; this is owing in part to the temperature 
of the atmosphere, and in part to the individuality 
of the cows producing it. A tube in which milk is 
set may throw up cream of a high percentage, while 
the milk itself may be actually poor in fat. On the 
other hand, the percentage of cream may be low, 
and the fat yield high. Cream maj»^ be pasteurised 
for the improvement of its keeping properties, or it 
may be separated for the improvement of its <piality. 

Separated or Skimmed Milk. Separated 
or skimmed milk is that from which the cream has 
been removed, the first- named by the machine, the 
second by hand skimming. Its food value is practi- 
cally maintained as equal to full milk by the 
addition of digestible fats or oils equivalent to the 
fat removed in the cream. Skimmt'd milk of average 
quality is composed as follows. 






Per cent. 

Water 




, . «o 10 

r )V(> 




•75 

Casein 




350 

Sugar 



. , 

4-85 

.Ash 




•80 

100-00 


The density of skimmed milk varies bc5twccn 
1*033 and 1*037. If 10 per cent of water be added 
the gravity is reduced to 1*032, so that it then 
compares on this basis very closely with full milk. 
Separated milk possesses a slightly higher specific 
gravity than whole milk, containing, as we have 
seen, less fat. If skilfully mixed with rich full milk 
of low specific gravity it may be passed for whole 
full milk without detection. 

Buttermilk. Buttermilk is the by-product left 
after churning cream or milk from which butter-fat 
has been removed. The quantity of buttermilk 
produced depends upon the quality of the cream. 
As cream is churned in a mature, ripe, or acid con- 
dition, buttermilk is acid, but it is a sound and 
wliuloBome food. 

Whey. Whey is the liquid by-product of cheese- 
making. . In skilful hands it contains but little fat, 
although large checsemakers remove this fat by 
skimming for the ' manufacture of whey bnUer. 
Whey, however, is chiefly supplied to pigs, its value' 
depending upon the large quantity of sugar which 
it contains. In an average sample the sugar present 
reaches 5 per cent., the curdy matter 1 per cent., 
the fat *35 per cent., and the mineral matter *76 
per cent. 

Milk Testing. The quality of milk is tested 
in various wavs — by chemical analysis, by the 
Babcock and Gerber machines, the lactometer, and 
the oreamomoter. There are other methods which 
requii^ technical skill, but in practice the amateur 
now depends chiefly upon the two first named. 
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By chemical analysis the water is driven from the 
milk by heat, the dry matter remaining being the 
milk solids, which are separately deteimined. ']»hc 
method of determination, however, belongs to the 
department of chemistry. The ermmometer is a 
glass tubular or cylindrical vessel 10 in. high by 
1} in. in diameter, although smaller apd conse- 
quently less reliable tubes are sometimes used. 
There should bo a scale on the upper portion of 
the vessel divided into 100 parts, beginning with 
zero near the top. The milk is poured up to this 
.mark when quite fresh, and kept for 24 hours at ad 
even temperature, as near 60° F. as possible ; in 
due course the cream will rise, and the percentage 
can bo read upon the scale. This test, however, as 
wo have already shown, is not of a thoroughly 
reliable character. 

The Lactometer. The lactometer should 
always be used in conjunction with the creamonu ter 
whore that vessel is employed. This instrument is 
usually adjusted ftlr use at 60° F. If gently introduced 
into milk at this temperature, the speeifie gravity 
will be shown. Thus, if the scale on the stem be 
level with the surface of the milk at the figure 30, 
the specific gravity is 1*030; hut if the temperature 
bo higher or lower, the s|>eeific gravity indicatc'd 
will be higher or lower. The indication, however, 
will not he correct, an<l therefore a correction scale 
is nee(‘ssary, in order that the exact gravity may h(‘ 
ascertained by referring to it. The best lactometers 
arc fragile, the stem not exceeding } in. in diameter, 
and the bulb 1^ in. by 3 in. in length. The most 
pei*f(*ct lactometer is that invented by Quevenne. 

The Babcock and Gerber Machines. 

The instruments invented by Babcock and Gerls^r 
are intended to determiru' the quality of milk by the 
extraction of its fat. The Babcock machine is a disc 
which revolves at great rapidity. Carefully m(*asure(l 
quantities of milk are passed from a pipotto intt) 
small bottles, the necks of which are graduated. 
These bottles are submitted to centrifugal force, 
when, by the aid of sulphuric acid, the casein of the 
milk being held in solution, the fat is driven into 
the neck of the bottle, and its percentage there ri‘a(l 
off. These machines are now generally used by 
advanced tlairymon, and are of great value to the 
milk industry. The method of making the test, 
if the instnictions sent with each machine b(' 
followed, is easily mastered. A number of .samples 
of milk can be tested at one and the samt) time. 
Cream, buttermilk, skimmed milk, and whey may 
be tested by the same method. 

From Farmer to Retailer. The bulk of the 
milk supplied to our large population is produced 
by farmers who contract to supply wholesale and 
retail buyers under conditions wnicn are rearranged 
every half-year. There are, however, in or, near all 
towns, eowkeepers who retail the milk they produce. 
The farmer is required to deliver his milk twice 
daily, well cooled,, aeratedf and sweet, containing at 
least 3 per cent, of fat — the Ghvemment-standai^ — 

slightly, more in jsome caseif;** where finms .require 
high quality. The milk is sent by rail, in metal 
railway churns, which usually hold 17 gals, imperial. 

Milk Deliveriea. It is the wisest and 
most business-like plan to deliver milk immediately 
after it has arrived from the station, servants and 
customers being advised, wherever possible, to take 
care that the vessels in which they receive it are 
perfectly clean and that it is always kept in the 
coolest dry apartment in the home. 

JAMES LONG 
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Surgical and Medicinal Uses of Alcohol. 

The Aldehydes. Acetic Acid and Vinegar. 

THE PROPERTIES OF ALCOHOL 


N bxt to water, alcohol is the universal 
solvent. It is invaluable as a solvent 
of varnishes, and, indeed, there are very few 
brganio substances which are not more or less 
soluble in it. We may note alkaloids, volatile 
or essential oils, resins, iodoform, besides many 
other newer medicaments. Many of these 
organic substances are obtained in plants and 
have a medicinal value. Thus a very large 
number of drugs are administered in the form of 
alcoholic solutions or tinctures. 

Alcohol an Antiseptic. Since alcohol is, 
in general, what we call a protoplasmic poison — 
that is to say, a substance which is deleterious to 
all forms of life — it is, of course, an extremely 
valuable antiseptic, and, as such, has certainly 
been used for ages. The classical instance of 
the use of alcohol in what is now called antiseptic 
surgery is, we think, the parable of the Good 
Samaritan, who, finding the stricken Jew by the 
wayside, “ went to him and bound up his wounds, 
pouring in oil and wine (Luke x. 34). Even 
at the present day alcohol is not infrequently 
used by the surgeon as a basis for various soaps 
for the purification of the patient’s skin and of 
his own hands. It is also used in order to pre- 
serve various surgical materials. In the form of 
methylated spirit, it has long been employed 
as a preservative for dead snakes, pathological 
specimens, and so on. It was formerly used as an 
antiseptic in dyspepsia ; but it is. one of its 
properties, when highly concentrated, to inter- 
fere with the action of the ferments of the 
stomach, just as, after a certain jjoint, it arrests 
tho action of the ferment secreted by the yeast 
that produces it. Thus its medicinal value on 
this particular score is now discredited, seeing 
that the alcohol precipitates tho pepsin or 
ferment of tho stomach. 

Local Actions of Alcohol. But 
alcohol has some other local actions in relation 
to living matter, these being dependent on its 
physical and chemical properties. It evaporates 
with extreme quickness whenever it is exi)Osed, 
and thus, if it be applied to the skin, it has a 
marked cooling property, the transformation of 
the, alcohol from the liquid into the gaseous form 
necessitating its absorption of heat or kinetic 
energy, according to the principles with which 
the student of physics has become familiar. 
On the other hand, the physical properties of 
alcohol may be differently used. For if it be 
ap^iod to the skin and prevented from ovapo- 
Tatinff, its physico-chemical affinity for water 
manifests itself ; it absorbs water from the 
tissuM around it,' and thus hardens them. It 
has the. common action upon all living .tissues 
of extnmting water from them. . Whereas it is a 


solvent for a very large number of organic bodies, 
it coagulates or solidifies albumin if it is able to 
act in strengths of 00 per cent, or upwards. 
Lastly, we may note, as a contact or chemical 
action of alcohol upon living ti.ssucs, that after 
stimulating the nerves of 8en.s}ition it slightly 
weakens their sensibility ; in other words, it is 
a weak local anaesthetic. 

The New Science of Pharmacology. 
All over the world men and women now 
studying the action of chemical bodies upon 
tho various tissues and structures that are 
found in the living bodies of animals and 
plants. This new science is known as phar- 
macolotjy. Its practical importance in medicine 
is, of course, obvious. Plainly; the doctor 
is more likely to use his drugs wisely in diaea.se 
if he knows their action in health. It is from 
this point of view that pharmacology is com- 
monly regarded. For instance, the local applica- 
tion of alcohol has a soothing action upon 
irritable tissues. 

But, more widely considered, this practical 
aspect of pharmacology is seen to be a very small 
matter. When we corno to think more con- 
.secutively, we see that pharmacology is really a 
now and immeasurably complex chemistry. 
Suppose, for instance, that it could bo shown 
that the activity of the nerves detrends upon a 
physico-chemical change in the albuminous 
matter of which they aro composed — as in all 
probability it does — and that tho action of 
alcohol, like that of so many other substances, 
in first stimulating and then depressing the 
activity of the nerves, could bo shown to depend 
upon its precipitation of this albumin or the.se 
albumins ; and suppose that this })roix>rty of 
alcohol in this particular instance could be found 
to fall into line — as not improbably it docs — 
with its action upon other living tissues (which 
all contain albumins), so that in one single 
statement there could be summed up a chemical 
explanation which would cover both the action 
of alcohol on the brain and its action upon tho 
living cells of some humble plant — plainly this 
would be science of a very high order. 

Chemical Substances and Living 
Tissues. This, indeed, is the kind of science 
which is now dawning. 

There are quite a number of chemical sub- 
stances which pharmacologists are coming to rank 
as protoplasmic poisons. Protoplasm, as the reader 
knows, is the name applied to the complex of 
chemical compounds which is regarded as the 
“ physical basis of life ** (Huxley), alike the life of 
a bacterium or the life of the body of man. It is 
of the utmost interest to discover that there arc 
certain substances, such as antimony, arsenic, 
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alcohol, chloroform, carbolic acid, pruasio or 
hydrocyanic acid — to name only a few out of a 
great host — which seem to interfere with the 
processes of living matter, to thrust a spoke into 
the wheel or cycle of its chemistry wherever it 
is found. Sucn facts must rouse our scientific 
interest. We are compelled to ask ourselves, in 
each case, what is the chemical explanation ? We 
cannot help suspecting that it is one and the 
same explanation for the whole series of living 
forms when affected by a given substance — as, 
for instance, let us suppose, the interaction of 
alcohol and albumin, wherever albumin is found, 
or the action of alcohol uj.x)n the water which is 
present in all living tissues. Whether or not 
we are able to reduce the facts to a definite 
chemical, explanation, they teach us, as their 
chief lesson, the common character, the essential 
unity, of protoplasm everywhere, so that, no 
matter where it occurs, a drop of prussic acid or 
alcohol or chloroform will form a definite reaction 
with it, just as hydrochloric acid and sodium car- 
bonate or carbon and oxygen have definite rela- 
tions with one another at all times and all places. 

Opinion versus Science. It is partly 
in order to insist that the whole of pharma- 
cology is really a special jjrovince of chemistry 
that wo have made this digression, but partly, 
also, in oi'der to give prominence to the fact 
that the pharmacology of alcohol, or the results 
of its chemical relationships to the various 
tissues and organs of the human body, is not 
nowadays a matter for individual experience or 
for mere opinion, but is a matter to which 
science has devoted very great attention for 
the last twenty years, and on which the most 
important conclusions have been reached. These 
conclusions arc of the utmost importance — in- 
dividual, national, racial, and even ethi(;al. 

A very large number of details in the phar- 
macology of alcohol arc as yet incapable of a 
chemical explanation, and therefore in this 
place they must be ignored. But some of the 
most important of the properties of alcohol 
are strictly referable to chemical conceptions. 

Alcohol and Temperature. For 
instance, it has long been known that alcohol 
reduces the temperature of the body. This it 
docs in various ways, as, for instance, by sending 
a lot of blood to the surface, where it stimulates 
the nerves of heat and makes us think we are 
warm, whereas, of course, we are losing heat as fast 
as possible by radiation and conduction. But the 
most remarkable manner in which alcohol lowers 
the temperature is by interfering with oxidation* 
in the body. This oxidation dei)ends upon the 
properties of the red colouring matter in the 
blood, which, as the reader knows, is called 
hcemoglcibin. For convenience this is symbolised 
by the letters Hb. As this Hb passes through 
the .luiug, it becomes oxidised, forming a loose 
but deffilte chemical compound which is called 
o^xy-hcRmoglohin, and may bo symbolised by 
the formula Hb02. We dogmatically assert 
that this is a true compound, because, when we 
examine venous and arterial blood by means of 
the speotrosoope [see Physics], we find a definite 

' 3070 


and constant difference between the spcctxiim 
of the haemoglobin in the one and the oxy- 
haemoglobin in the other. There can be no morb 
final proof that the oxygen has formed a com- 
pound with the haemoglobin in the case of the 
arterial blood. We know, of course, that this 
compound has a brighter colour. The whole 
value of HbO .2 in the economy is that it is a readily 
decomposed compound, very easily giving up its 
(oxygen for the purposes of the life of the tissues. 
No\i, it has been clearly proved that alcohol * 
increases the stability of HbOo, with the consc- 
fpienco that the tissues are relatively starved of 
oxygen. Quinine and prussic acid have similar 
actions upon this compound. In the case of the 
latter, the decomposition of the oxy-hjemoglobin 
is absolutely arrested, and death ensues from 
what is, in effect, none other than suffocation. 
The continued ingestion of considerable quanti- 
ties of alcohol tends to interfere so definitely 
with the oxidation of the bodily tissues that the 
fats of the body accumulate, and the patient 
becomes the subject of a morbid stoutness. 

Oxidation of Alcohol. And this leads 
us to a new and still more interesting aspect of 
the subject. Everyone knows that alcohol burns. 
We students of chemistry know, a priori, that it 
must burn, Ix^cansc we know its composition. 
In each moleciilo of alcohol there is already 
merely one atom of oxygen, which may satisfy 
the desires of two atoms of hydrogen in 
leaving four atoms of hydrogen and two of carbon 
unoxidised, and therefore combustible. Now, 
alcohol is not, of course, oxidisablc at the 
ordinary temperature of the air. Just as in the 
case of coal or wood, one needs first of all to raise 
the temperature very considerably by moans of a 
flame, and then the oxidation will occur — itself 
producing a temperature high enough to permit 
of its own continuance. 

The probability, then, would appear to be 
that alcohol cannot be oxidised in the body, 
which, after all, has a temperature not so very 
much higher than that of the atmosphere. But, 
on the other hand, other factors than tempera- 
ture may induce the oxidation — presumably, as 
will have occurred to the thoughtful reader for 
himself, by providing those unknown conditions 
which are necessary to oxidation and to the 
production of which high temperatures owe 
their power of inducing it. We must not, 
then, answer this question as to the oxidation 
of alcohol, even at the comparatively low 
temiierature of our bodies, without . usixig the 
experimental or a poster iori method. 

'Has Alcohol a Food Value? Qur inqu»y 
has an obvious chemical iniq^est, but it hM a 
very great human iiiterest as well. This will bo 
evident if we consider for a moment what is 
meant by a food. As the reader knows, food is a 
substance which cither forms tissue or provides 
the body with energy — a substance which does 
neither may be a tonic, or a stimulant, or a 
poison, but not a food. Thus, Jn inquiring into 
the food - value of alcohol, we can lay down 
certain definite propositions. The first is that 
its chemical characters absolutely exclude it from 



any poaaibility whatever of belonging to the 
higher order foods — those which form tissue. 

jAIhohol is not a constituent of protoplasm, and is 
not capable of being even utilised as a "" brick 
or ingredient in the making of any constituent 
of protoplasm. But, on the other hand, alcohol, 
in virtue* of its chemical characters, is capable 
of oxidation if the conditions be favourable. Wo 
already know that the oxidation of carbon and 
Jiydrogen, as in a fire, yields kinetic energy in 
the forms of heat and light. The so-called 
chemical or potential energy of the elements 
involved has been transformed into kinetic 
energy. If, then, we can burn up alcohol in the 
body, the oxidation of its carbon will similarly 
evolve kinetic energy, which will yield ^eat or 
motion, or, in other ways, will serve the needs 
of life by providing the conditions which pcTinit 
of its continuance. 

Alcohol and Nervous Tissue. Now, it 
has been definitely proved that alcohol is capable 
of oxidation wdthin the body, and the conditions 
and limits of this oxidation can be stated 
considerable definiteness. In general, it may be 
said that the ingestion within twenty-four hours 
of IJ oz. of alcohol will result in complete oxida- 
tion, provided that this very small quantity be 
taken in fractions at sufficiently frequent intervals 
and in much dilution. If these conditions bo 
granted, no alcohol can be recovered ; all has 
become oxidised and destroyed. It is quite 
evident that this small quantity, and the con- 
ditions under which it has to be taken for 
complete oxidation, correspond to the practice 
of only a very few persons. But, in any case, 
the oxidation of alcohol, in part, within the 
body is no proof of its utility. The same is true 
of morphine and many other i)oisons. In order 
to protect itself, the body partly excretes them, 
and partly burns them up. But they arc not 
therefore foods in any true or useful sense. 

For some chemical reason, which is as yet 
pbscurcly understood, alcohol has a greater 
affinity for nervous tissue than for any other. 

Most important of all, however, in their bear- 
ing upon the normal reactions of alcohol within 
the body are these words, now well established, 
which were laid down by Professor Metchnikoff 
eight years ago ; 

“ Alcohol, therefore, suppresses the natural 
immunity of rabbits towards the first vaccine 
of anthrax. This impairment of their resistance 
was manifested by the inactivity of their white 
blood-oells; thus the bacilli were permitted to 
multiply without being checked by a sufficiently 
strong phagocytic [‘ eating cell’] reaction. 
As has been established, the leucocytes arc 
sensitive even to small doses of ethylic alcohol, 
and present a negative sensibility in the presence 
of tnis substance. Alcohol, therefore, has a 
harmful action on the agents of natural defence 
against infective microbes.” 

TMta for Alcohol. The most com- 
monly employed test for alcohol is the iodoform 
test, which consists in the formation of yellow 
crystals of iodoform when alcohol is exposed 
to the action of iodine and caustio potash. 
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A few crystals o( iodine should be added to the 
fluid under examination, together with just 
enough caustic potash to decolourise the iodine. 
If the test-tube now be heated, iodoform cr3'^ital i 
will appear. Another common test is the 
chromic acid test, the addition of a small crystal 
of the red b^chroniato of potassium, together 
with heat or sulphuric acid, yielding a green 
colour due to the formation of the chromate. 
These tests and various others must be combined, 
as no one of them is conclusive singly. 

Amyl Alcohol. The only other member 
of the series of alcohols to which we need refer 
hero is amyl alc^ohoL It is, of coume, ethyl 
alcohol that we have been discussing some time 
back, but for convenience wo dropped the 
specific name. The formula of amyl^ alcohol 
need not be again quoted. It is obviously the 
hy^droxide of pentane, as ethyl alcohol is the 
hydroxide of ethane. The substance which 
usually goes by the name of amyl alcohol is 
really a mixture of two closely allied alcohols 
which are so nearly identical that they have 
the same formula. During the process of 
the rectification of ethyl alcohol there is left in 
the stills the product which is called fusel oil. 
This consists mainly of the two forms of amyl 
alcohol and also of propyl and butyl alcohols. 
The amyl alcohols have an apple-likc odour, 
an oily appearance, and arc only very slightly 
soluble in water. They are extremely poisonous, 
and in even moderate doses j)roduce violent con- 
vulsions, together with mental disorganisation. 

General Reactions of Alcohols. 
We have already emphasised the fact that the 
alcohols are a series which has a systematic 
and uniform character. For convenience wo 
may return to ethyl alcohol, which, as iisual, 
we shall simply call alcohol, and we shall find 
in it an adequate illustration of the behaviour 
of the other members of its series. 

If alcohol be oxidised totally, as when a 
flame is applied to it, the products are, of course, 
carbonic acid and wat<?r. But it may be oxidised 
to a measure short of this, and so may its fellows. 
For instance, by various means one atom of 
oxygen may be added to one molecule of alcohol, 
with the result that two atoms of hydrogen 
are removed so as to form with the thieving atom 
a molecule of water. When alcohol has thus 
had two atoms of hydrogen removed from it, 
it is alcohol dehydrogenised, and a short name 
has been coined to express this conception of it/. 
Hence wc have the word aldehyde, the three syl- 
lables of whicli exactly express the process 
by which an aldehyde is formed. In short, an 
aldehyde is a dehj'drogcnised alcohol. Alde- 
hyde has lately been found in the nervous system 
in delirium tremens, so now we know what llie 
oxidation and long-asserted food- value of alcohol 
are worth. 

Other Members of the Alcoh<4|ftroup. 

But the process may go further. , Yet another 
atom of oxygen may be inserted into the alde- 
hyde, but in this case it does not thieve away 
two atoms of hydrogen, but finds a home for 
itself in the molecule, forming the compound 
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known as acetic acid. The following table gives 
t he sequence in the case of the first two members 
of the series of paraffins : 

Paraffin Alcohol Aldehyde Acid 

CH ^ ch7oh CHOH HCOOH 

Methane Methyl Alcohol Foniuiklchydc Formic Acid 

C,,H„ CnKgOH C.,H.,OH * CaHaOOH 

Fthano Ethyl Alcoliol Ethyl Aldeliyde Acetic Add 
etc., etc. 

In the above we have not attempted to give, 
the various formulae in their more complex 
and instructive form. On the contrary, wo have 
WTitten them merely in such a fashion as to 
express in the simplest way the manner in which 
each of these stages is derived from the last. 
The reader will surely be impressed by the 
orderly and intelligible character of this part 
of our study, especially if ho remembers that the 
above table deals merely with the first two linos 
of an indefinite number, each displaying the same 
orderly character. 

Formaldehyde. The new substances which 
occur in the above table are all of them of very 
considerable interest. Perhaps formaldehyde is 
the moat interesting of all, because it seems to 
afford a clue to certain of the most important 
stages in the cycle of life. It is plain that, from 
one point of view, formaldehyde might be looked 
upon as (IHoO. Directly we write the formula in 
this fashion we say to ourselves. Why, surely 
this is the simplest carbohydrate ! Does it not 
answer to the definition of carbohydrates upon 
which wc have already agreed — substances the 
molecules of w'hich consist of carbon, hydrogen, 
and oxygen, the two latter being present in the 
proportions in which they occur in water ? Now 
this leads us mucl^further. We know that carbo- 
hydrates ar<^ formed by plants ; we know, fur- 
thermore, that they owe their existence in the 
plant to the activities of the green leaf. We 
know that under the influence of sunlight the 
leaf obtains nascent and elemental carbon from 
the carbon dioxide of the atmosphere. We 
know also that the plant always obtains abund- 
ance of water from the soil. Is it not, then, 
conceivable that the ])lant unites the nascent 
carbon with water to form methyl aldehyde or 
formaldehyde, which is, so to speak, the unit of 
the various carbohydrates which afterwards 
appear in the plant — sugars, starches, and so 
on ? May we not imagine that, for instance, six 
molecules of formaldehyde might be packed 
together so as to form a single molecule, which, 
of course, would have the formula 
the formula of glucose ? 

A Suggestion to Remember. This is 
an extremely interesting, probable, and sug- 
gestive speculation, and should certainly be 
remembered by the reader. Its value is not 
in the least detracted from by the necessary 
qualifioa|jon that, in the form in which we have 
stated *it is somewhat too simple. Doubtless, 
for instance, when we write the formula of 
glucose or of any other carbohydrate, we ought 
to enclose the whole formula in brackets, and 
then append an n in order to indicate that we 
do not know how many times over these com- 
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binations of atoms must be. taken in order really 
to constitute a molecule of. the §ubstance in 
question. This and similar qualifications afb 
necessary, but the reader should always look upon 
methyl aldehyde as a substance which has 
a unique speculative interest attached to it. 
This speculation has been immensely strength- 
ened by the discovery of formaldehyde in green 
leaves exposed to sunlight. 

But this substance is also of the very greatest 
practical interest. Methyl aldehyde or form- * 
aldehyde is a gas soluble in water. The aqueous 
solution is usually knowui as formalin, and con- 
tains from 35 to 46 per cent, of the aldehyde. It 
is an extremely powerful and penetrating anti- 
septic, and is steadily coming more and more 
extensively into use for this purpose, and also as 
a substitute for alcohol in the preservation of 
specimens. In much greater dilution, formalin 
may be used as a mouth-wash, and attempts 
of uncertain value have been made to utilise it 
as an antiseptic within the body in the treatment 
of various germ diseases, such as consumption. 

Formic Acid. Our table has taught us that 
when methyl aldehyde is oxidised still further 
it yields formic acid, and at this point,, perhaps, 
we shall find a clue to the name JormahleJnide. 
Formic acid is so called because it occurs in 
considerable quantities in the body of the ant, 
the Latin name for which is for mica . Its const i- 
tutional formula is best w'ritten HCOOH. Re- 
membering the general rule as to the relation 
between succc^ssive paraffins, we shall th(?n be 
able to see that the best way in which to write 
the constitutional formula of acetic Jicid will be 
to add CHo to the H of formic acid, which will 
yield us the formula CH.jCOOH. This, indeed, 
is the formula of acetic acid. Formic acid is 
found not only in ants but also in the stinging- 
nettle, of which it is the actual weapon. Special 
interest, of course, attaches to it because it is 
the first of the series of a(;ids which are called 
the fatty acids. It may be prepared artificially 
in many ways, the commonest of which is to 
heat oxalic acid with glycerin. Formic acid is 
a mobile liquid which resemblcsl water in many 
of its physical characters — for instance, its 
boiling and freezing point and its specific gravity 
are all very close to those of water. * Potassium 
formate may be made by a remarkably simple 
synthesis — that is, by the direct union of 
carbon monoxide and hot caustic potash. The 
reader will find that the formulae of these two 
substances, added together, constitute the 
formula of potassium formate. 

Aldehyde. Just as ethyl alcohol is usually 
called alcohol, so ethyl aldehyde is usually called 
aldehyde. Its constitutional formula is better 
written CH.^COH, or, still better, for the matter 
of that, H 3 CCOH, since this last form shows us 
how the carbon atoms are united together in 
ethane and any of the substances derived from 
it. This ethyl or acetic aldehyde is a colourless, 
volatile liquid, the boiling-point of which is 
21® C., and the specific gravity ‘78. It has a 
characteristic smell. It is an excellent solvent 
for various substances, such as phosphorus. 



Aldehyde is most commonly prepared by the in- 
teraction of biphromato of potassium upon ethyl 
alcohol, which it oxidises, removing two atoms 
of hydrogen in the manner we have described. 
Aldehyde is by no means a stable body, since it 
undergoes oxidation on mere exposure to the 
atmosphere, with the formation of t^cetic acid. 

Acetic Acid. The best way in which to 
write the constitutional formula of acetic acdd is 
H^CCOOH. Its relation to ethane and the inter- 
mediate bodies has already been stated, as also 
its relation to formic acid, the first member of 
the series of fatty acids. In considering the 
natural production of acetic acid, we find that wo 
have to consider again a process of fermentation. 
The ethyl alcohol from which it was derived 
was itself produced by fermentation. If, now, 
another organism, called the mycoihrma nceti, 
be allowed to act upon such alcoholic liquids os 
beer and wine, a new and further fermentation 
occurs. The n'ador will ask how this can happen 
if alcohol itself bo, as we stated, an antiseptic. 
But it is only in very considerable concentration 
that alcohol is an antiseptic. The amount 
contained in a weak wine or beer is quite inade- 
quate to protect itself from decomposition. This 
is why w’cak wines often have spirit added to 
thorn in order to make them keep. In conseq u^‘nc<^ 
of the oxidation of the alcohol in a weak wine, 
there is produced practically a weak acetic 
acid, and this we usually call vinegrtr. 

The process of th(' manufactun' of acetic 
acid varies in ditfer(»nt countries, according to the 
y)rice of alcohol. If wine be cheap, acetic; acid 
may be obtained from it by the dediberate con- 
version of wine into vinegar. The mycoderma^ or 
vinegar-plant, is found in abundance on bundlc.s 
of twigs, over which wine is made to run very 
slowly, with the practically instantaneous pro- 
duction of vinegar, which, as might be expected, 
still retains ci certain proportion of the flavour 
of the original wdne. On the other hand, malt 
vinegar is prepared from beer which is made to 
flow between bec;oh shavings, on which, again, the' 
vinegar plant grows. In England, where alcohol 
is dear, acetic acid is commonly obtained by 
the dry distillation of wood. The acetic’ acid thus 
obtained is, of course?, very impure, and is 
named, in allusion to its process of manufacture*, 
pyroJigveous acidr — i,e.. “fire-woody.” 1’his re- 
quires to be freed from wood spirit, tar, and other 
impurities. The process is commonly ))erformed 
by the addition of calcium carbonate, so as to 
form calcium acetate, which is heated, with the 
result that the tar adherent to it is disposed of, 
and then the acetate is decomposed by means of 
strong sulphuric acid. 

Pure acetic acid is sometimes spoken of as a 
colourless liquid, and sometimes as a colourless 
solid, since below 17^ 0. it is solid, and is then 
called glacial o/cetic aruL It readily mixes with 
water, ether, and alcohol, and is useful as a 
solvent. The acid has a number of uses, both in 
medicine and in manufactures. In consequence 
of its affinity for water, glacial acetic acid has a 
marked caustic action upon the skin. It is some- 
times employed also for the destruction of small 
warts and corns, but cannot compare with 
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radium for suen .purposes. Weak solutions of 
acetic acid or pleasantly scented vinegar aro 
agreeable applications to the skin, which they 
tend to cool as well as to free from the unpleasant 
defects of excessive perspiration. The acid has. 
CHmsiderable uses in relation to calico printing, 
and is employed in the preparation of its salts, 
the acetates, which are important in commerce. 

Vinegar and Obesity. Perhaps the im- 
portance of the subject will excuse us for re- 
ferring to the only fashion in whi(;h acetic acid 
is nowadays employed internally in medicine. 
It is true that the drinking of vinegar will lessen 
weight, and it is also known precisely how' it 
acts. The drinking of vinegar only reduces the 
weight of the )>atient because it sets uj) a mild 
inflammation of the coat of the stomacii, and 
thus acts as a chock upon the absorption of food. 

If, howx'Ycr, we turn our attent ion to such a salt 
as the acetat(* of potassium, whi(;h is without 
the local irritant action of acetic acid, or if wo 
take such an example as citric acid, which occurs 
in oranges and lemons, limes and citrons, wo 
find that these substances do tend towards the 
reduction of the bodily weight. It is a general 
proposition in physiological elunnistry that the 
rate of oxidation— or. to use a more general 
term, of what physiologists call ktiiabol isnv— 
varies directly as the alkalinity of tli<^ blood and 
the bodily fluids in genieral. Any substance, 
therefore, that makes the blood more alkaline 
tends to increase oxidation of superfluous fat, 
and so to counteract obesity ; on the eontrary, 
any substanci* which reduces the alkalinity of 
th<; blood will tend to lessen the rate of oxidation, 
and so to increase; the accumulation of fat. 
If the blood b<; not alkalim^, and definitely so, 
life cannot continue ; “ acidity df the blood ” has 
no existence, but the alkalinity of the blood 
may be more or less marked. What, then, will 
be the effect upon the blood, and therefore upon 
the rate of oxidation in the body, of drinking 
a glass of lemonade ? The inevitable answer 
would seem to be that the alkalinity of the blood 
would be lessened and oxidation retarded. 

Acids that Increase Blood Alkalinity. 
Somewhat paradoxically, however, precisely the 
reverse is the case. Citric acid, its salts the cit- 
rates, the acetates, and other similar organic 
acids and their salts, actually increase the alka- 
linity of the blood, because they do not circulate 
in the blood as such ; nor does citric acid, for 
instance, neutralise part of the bicarbonate of 
sodium in the blood, and thus lessen the alka 
Unity of that fluid. On the contrary, the citrate 
thus formed — and the same is true of similar 
salts — is knowm to be oxidised by the oxygen 
present, in the form of what we have recently 
referred to as HbO-^, or oxy-haemoglobin, in the 
red blood corx)usclcs. The consequence of the 
oxidation is to conv-^rt these salts into definitelv 
alkaline carbonates. Hence the ultimate result 
of taking such acids as that of the lemon is to 
increase the alkalinity of the blood, and therefore 
the rate of oxidation in the body, and the dissipa- 
tion of any oxidisable material such as fat that 
may have accumulated in too great measure. 

C. W. SALEEBY 
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. The Conscienceless Raiding of the Native American Kingdoms 
• and the Fluctuations of Faith and Government in India 

THE NEW WORLD AND INDIA 


U NTIL ‘ the great voyage of Christopher 
Columbus in 1492, the continent of 
America was a world apart — entirely cut off, so 
far as we know, from the 'Western Hemisphere, 
{hotigh*wO'ihay inclined to believe that in dim, 
far-away ages the races by which she was popu- 
lated had found their way thither from Asia. 

, Wie have therefore said nothing so far of their 
stb^ ; in fact, it would he" difficult to say that 
they had a story dt all. Whatever ethnology 
may teach us in the course of time, all we can 
do for the present is ’to divide the peoples of 
America into four groups : the dwellers in the 
Arctic regions, whom we know as the Esquimaux, 
a form of their name derived from the French ; 
the Red Indian tribes, spread over the greater 
part of the North American continent ; the 
peoples of Central Aihenca, including Mexico; 
and the peoples of South America. 

A People without the Horae and Iron. 
Among the niost useful servants of man in his 
struggle wiUi Nature and in competition with his 
fellow-men — and, indeed, his most useful tool in 
the same struggle, with the exception of tiro- 
have been the horse and iron, hut both w'ere 
unknown to the indigenous Americana. It 
followed that American progress in the direction 
of civilisation was slow. So far as we. can tell, 
the Egyptians and Sumerians, centuries before 
the building of the first j^yramid, were in a more 
advanced stage of civilisation than any American 
people within a thousand years after the be- 
ginning of the Christian era. Wo may note that 
the name of Indian was bestowed upon them all 
inclusively by the first voyagers to America, who 
were under the impression — an impression under 
which Columbus himself died — that they had 
sailed across the Atlantic to the Indies them- 
selves. Hence it is that we still speak of the 
Red Indians and of the West Indies. 

Backward State of the American 
Race. Even after the year 1000, it was only 
in Central America and ^ in the northern and 
western regipns of South America that anything 
which can fairly be called civilisation had come 
into existenpo. The North American tribes were 
nolnads, • who only here and there iverc be- 
gmiiitlg to’setCe do'om to agricultural pursuits. 
Tker -^uth jAmOTcans were fishermen ^ ^d 
daiiktiers^ wbeno ideas of goveniment and religion 
didj not -TOP ?abovo fear , of i;}ie,:.anthority. of 
reputed . magicians, and of the other^de un- 
controllable and unintelligible powers of Nature. 
They .were ubarbariaus, mild or savage, as the 
provisions of Naturo made, it easy, .dr difficult, for 
them to live, free from, ^rce battles, with beasts 

(d^prey.or.with W^arians. . . 

Butrin .the eentiiries preceding the discovery 
of America by Columts^#rth(^ peoples pf Central 
America had made further advances. Races 


who are called the Toltecs and the Mayas haa 
advanced so mr that they dwi'lt in cities, and 
builtgreat temples adorned with strange carvings, 
which, to some eyes, present a resemblance to 
the work of .Egyptian or Assyrian sculptors. 
When the Spaniards began to visit the main- 
land of America, the “Spanish Main,** in the 
opening years of the sixtcentli century, they 
found only traces of this bygone Maya civilisa- 
tion. But something much more substantial, 
and having in it the promise of permanence, was 
already developed in two n^gions, as the Spaniards 
were informed — MtJxico and Peru. 

Thie Embassy of Cortes to Monte- 
xuma. ‘Before the fifteenth century, Mexico 
ha’d been organised info a state or kingdom, 
having iii it growing cities. By the middle of 
that centuiy, the Mexican king, Montezuma 1., 
had made himself master of a great territory 
which could fairly be dignified by the name of an 
empire. Tf the Indians had not learnt the use of 
iron, tliey appreciated that of the precious 
metals, and Mexico was wealthy. Stories of its 
splendour reached tlie Spanish governor of the 
islands. He despatched thither an armed 
<‘mbassy, heafled by Fernando f.ortes. They 
were four hundred men, with a smaller band of 
natives in attendanee ; a tiny troop to effect a 
conquest, but they had horses, armour, and, 
above all, guns. Montezuma II., who was now 
ruling in Mc'xico, s(*nt envoys to moot Cortes, 
who announced himself as the envoy of the 
mightiest of inonarchs dwelling beyond the seas, 
scut to visit the mighty monarch of Mexico. 
Montezuma replied with a polite message and a 
present, but forbade the dubious stranger to 
enter his capital. Cortes disregarded the prohi- 
bition, easily scattered such bodies of natives 
as were sent to bar his advance, and when he 
reached Mexico Montezuma did not venture to 
resist his entrance. , 

The king was not to bo persuaded to accept the 
Christian faith at a hioment’s notice, but he 
offered tribute and homage to the monarch whom 
Cortes represented. It was soon evident to the 
Spaniard that, whether by Montezuma’s will or 
not, his position and that of his followers . in 
Mexico was precarious; so -he -took the king 
prisoner, or at tesist held his person practically 
captive. Then there waB:»a collision between 
the Spaniards and the natives. The popular 
wrath was riMihg against the strangers, and when 
Cortes bade Montezuma to show himself publicly, 
and declare his friendly disposition towards his 
captors; the jpopular wrath was turned upon the 
unfortunate ting,' who was so seriously injured 
that he died shortly afterwards. 

The Annexation of Mexico. In such 
circumstances there was but one course posi^ib'le 
to Cortesi He arid his little band cut their way 
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out of the city, where otherwise tifey must have 
been massacred. But he foudd ready support 
from the remoter tribes to whom the Mexican 
rule was a bloodthirsty tyranny. When he re- 
appeared before the city, the Mexicans realised 
that resistance was useless, and Cortes pro- 
ceeded to establish and organise a government 
in the name of the king of Spaid — ^who in the 
same year had been elected German emperor. 
Sufficient reinforcements were sent, as a very 
few armed Spaniards were more than a match for 
thousands of the half- armed natives ; and 
Mexico was permanently attached to the 
Spanish dominion. 

The Peaceful Empire of Peru. Four- 
teen years later, in 
1533, a like fate befell 
the Inca empire of 
Peru at the hands of 
Pizarro, a daring and 
unserupulouB adven- 
turer of a very ditfer- 
ent typo from the 
knightly Hftmando 
(vortes^ How long the 
Peruvian empire had 
existed, it is impos- 
sible to say. Some 
centuries at least be- 
fore, the ruling race, 
the Incas, had ap- 
peared, according to 
tradition, from some 
unknown region, 
among the natives of 
the west coast and 
the mountains which 
border it, calling theni- 
sclyes the Children of 
the- Sun. They were 
strangely free from 
barbaric traits. Their 
forces were better or- 
ganised, and they 
proved themselves 
m u c h :m or e skilful 
.warriors than the 
natives, but they did 
not use their superi- 
ority to devastate, to 
slay, or to enslave. 

They organised the 
government which 
they retained in their 
own hands after a 
strangely enlightened 
fashion. They pro- 
claimed their intention of ruling, not as tyrants, 
but for the benetit of their subjects, and they lived 
up to their promises. In the fifteenth century 
there is every reason to believe that their empire 
was flourishing, peaceful, and happy. Undoubted- 
ly it was enormously rich in mineral wealth, 
though the people probably had little conception 
of the immense value attached to gold and silver 
and gems by the dwellers in another hemisphere. 

Thero was little enough communication be- 
twoefl 'the people of Peru nnd the tribes who lay 
8076 


between them and the Spaniards. Still, there was 
sufficient for the rumours of their vast treasures 
to be carn^ down to the north-ftastern coa#t. 
Stirred by the thirst for gold, the adventurer 
Pizarro conceived the idea of seizing the Peruvian 
empire in the name of his own' master. 

The Treacherous Seizure of the Inca 
Throne. Ho procured a commission from the 
Spanish Court, and started upon his adventure 
witli two hundred men and some small cannon. 
He made his way down the Pacifle coast till htj 
reached Peruvian territory. At this moment 
the Incas had shown so much of normal human 
nature that the legitimate king, Huascar, had 
been deposed by his brother Atahualpa. 'The 
peaceful prince never 
dreamed of danger 
from the little band 
of strangers ; he wel- 
comed them, indeed, 
with an invitation to 
his presence, and when 
they came near his 
cai>ital he went down 
to their camp, with a 
groat and peaceful 
train, to greet them. 
The Spaiiiards, with 
an audacity as mag- 
u i li c e n t as their 
treachery was base, 
suddenly opened at\ 
attack upon their un- 
suspecting host. Their 
guns dealt destruction ; 
before the charge of 
their armed horsemen 
the Peruvians fled 
and were cut down 
like sheep. Atahualpa 
himself was captured. 
In his helplessness ho 
offered Pizarro on un- 
told ransom. Pizarro 
accepted the offer, and 
tlio king was released. 
But the Spaniards 
learnt of Huascar's title 
to the throne. Deem- 
ing that they would 
get from him still more 
favourable terms, they 
began an intrigue with 
him and his partisans. 
Atahualpa heard of the 
j)lot a-nd ordered his 
brother to ba put to 
death, whereupon the Spaniards turned on him, 
and put him to death bv strangling, as a usurper, 
after which they assumed the authority themselves 
in the name of the king pf Simin. Those Christian 
conauerors proved themselves far different from 
the benign race of the Incas, and the promise of 
the Inca civilisation was entitely wiped out. 
In such fashion were Mexico and Peru brought 
mto the general current of the world's history. 

India Before the Mogul Period. In a 
somewhat less degree Ih^a also had hitherto 
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stood outside that current. Oiir mention of it 
has only been incidental, when Alexander the 
GrSat carried his arms into the Punjab, or when 
Mahmud of Ghazni led his Moslem followers to 
destroy Hindu idols and temples, and to denude 
them of their vast treasures. But during the 
sixteenth century India became the sphere of an 
empire the most magnificent, and by no means 
the worst ordered, in the world ; and it is now 
time to give a brief sketch of her history before 
tlie Mogul period. 

More than a thousand years before the begin- 
ning of the Christian era, the Aryans had estab- 
lished themselves in the upper plains of the Indus 
and its tributaries, which we call the Punjab, 
“ the land of the five rivers.” Perhaps before, 
but certainly not long after, the year 1000 b.c., 
they pushed on over nearly the whole of the 


modern types show not much either of the pure 
Aryan or of the pure Dravidian, but rather of the 
combinations of the two stocks in varying degrees. 
The conquering race held itself apart, claiming 
a suj)eriority both in this life and in the life to 
come, for the three social groups into which it was 
divided — the Brahmans, wlio w(^rc primarily a 
priestly group ; the Rajputs, primarily a fighting 
class ; and the Vai.syas, the merchants, 
mechanics, and tillers of the soil. The conquered 
Sudras formed the fourth, or in effect slave class. 

At the time of the first conquest these divisions 
were by no means rigid, though very soon after- 
wards they became quite definitely marked, the 
Brahmans seeking to emphasise them on the 
hypothesis, not unusual when once a priesthood 
has begun, to hold itself separate, that they 
themselves had a Divine authority setting them 
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Ganges basin, and were dominating the northern 
half of India, which alone should properly be 
referred to as Hindustan, though that term is, 
on the one hand, more particularly applied to^ the 
Ganges basin itself above Bengal, and, bn the 
other, is commonly enough used in England to 
denote the whole peninsula. For convenience we 
shall refer* tO' the. northern half of India as 
Greater Hindustan, in contradistinction to the 
southern half, or Deccan, while we shall refer to 
the more limitt>d area as ‘‘ Hindustan proper.” 

The Aryan Distribution. Aryans appear 
to have penetrated only to a small extent into the 
Deoean. In the Punjab and in Rajputana, the 
whole of the north-west, they became so far 
dominant that there is probably only a small 
admixture of the indigenous races to be found 
among them. In Hindustan proper, the 


apart. But celibacy did not form part of their 
doctrine, and the separation was maintained by 
the iirohibitipn of intermarriage between Brah- 
mans apd their secular countrymen. Similarly, 
the warrior caste, for social reasons, held itself 
aloof, and the Brahmans were ready enough 
to provide all sorts of religious sanctions for 
preserving distinctions of caste. 

The Rivalry Between Brahmanism 
and Buddhism, Probably about the sixth 
century B.c., the Wnce SakyaMimi, better known 
by one of his assumed titles, Gautama, and best 
of all as Buddha, ” the enlightened,” appeared as 
a religious teacher who laid the foundations of 
the doctrine known as Buddhism. Buddhism 
ignored or denied Divine authority for social 
distinctions. For a period of perhaps a thousand 
years Buddhism was dominant, though Hinduism 
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was not crushed. During that time we hear of 
great kinm — Chandragupta, king of Magadh^ on 
the Middle Ganges, who extended his dominion 
over the Punjab, just after Alexander’s invasion ; 
his grandson, the great Asoka, a sort of Indian 
Alfred the Great ; then, centuries later, another 
Chandragupta. But about the fifth century a.d. 
Brahmanism triumphed over Buddhism, which 
was driven almost entirely out of India, though 
it found a permanent homo among the Mon- 
golians of Burraah, Tibet, and China, and 
perhaps toda^ numbers more adherents than 
any other religion. 

The EstablUhment of Caste. With the 
triumph of Brahmanism came the development 
of the Hinduism which we know. The old 
divisions of castes based upon colour or race 
survived, but in the last thousand years it had 
become at least largely fictitious. The races had 
become mixed ; in the Deccan the Brahmans had 
not kept their caste pure, and everywhere there 
were swarms ot claimants to the name of Rajput 
who probably had very little Rajput blood in 
their veins. Tribal diflerences, continuitj^ of 
occupation through generations, survival of the 
worship of local deities, and other intliiences had 
combined to make up within the greater castes 
innumerable minor castes, always with the 
tendency to prohibit intermarriage, and to 
distinguish still fresh castes as the outcome of 
intermarriage. Such, approximately, would 
seem to have been the origin of the caste system 
as we know it in India, though we have to add to 
this account that Brahmans and Rajputs con- 
tinued to insist upon the purity of their own 
descent, probably with little justification outside 
of Raj pu tana. 

The Advent of Mohammedanism. In 

the seventh century of our era, then, India was 
divided into Hindu kingdoms whose dynasties 
and boundaries shifted kaleidoscopically from 
generation to generation, as one or another 
expanded into an empire or contracted into a 
potty principality. In the eight century the 
Mohammedan Arabs broke into the north-west, 
and occasionally sot up a brief dominion within a 
limited area. With the oi^ening of the eleventh 
tj^ntury came the series of tremendous incursions 
conducted by Mahmud of Ghazni, who, however, 
made no attempt to organise an Indian empire, 
though his lieutenants exercised his authority in 
the Punjab. 

The. power of the Ghaznavides in Central Asia 
was destroyed by th6 coming of the Seljuks. By 
the end of the century their hold even upon 
Ghazni itself was precarious, though they were 
still more or less kings in the Punjab. During the 
twelfth century thbir . principal rivals and 
antagonists were the chiefs of the House of Ghor. 
Towards the. end of the century they wore finally 
wiped out by Ala-ud-Din of Ghor, who gave 
Ghazni to the flames and mastered the Punjab. 
Then came the great conqueror Shahab-ud-Din 
of Ghor, who saved himself from the onslaught of 
Gengliis Khan by a timely submission whidi left 
him free to extend his own conquests. Before 
bis death in 1206 he had establish^ the jBifoham; 
medan d'Mnion, with its oentre at Delhi, whibh 
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extended from Af|(hani8tan over the whole of the 
Up^r Ganges basin, and thus begsfi the Moham- 
medan supremacy in the Indian peninsula. * 

Dynasties that Reigned In Delhi. After 
his death there followed a succession of rulers 
known as the Slave dynasty. - As the father 
and predecessor of Mahmud of Ghazni 'had been 
a slave who rose to power in accordance with the 
immemorial Eastern custom of raiF.ing slaves to 
high positions of trust, and oven to the comman^J 
of great armies, so Shabab-ud-Din, otherwise 
called Mohammed Ghori, was succeeded by the 
slave Kutb-ud-Din, who had deservedly been one 
of his most tnisted generals. Kutb-ud-Din did 
not, in fact, found a dysnasty ; he reigned at 
Delhi while other portions of Sbabab-ud-Din's 
empire fell under the sway of other generals. 

The series was brought to an end by the 
establishment of the Khilji dynasty, of Afghan 
stock. The mighty Ala-iid-din Khilji not 
only established his dominion over practically 
the whole of Greater Hindustan, but extended it 
into the Deccan itself. In the next generation the 
Khiljis were displaced by a Turkish dynasty, the 
Tughlaks, who still further extended the suprem- 
acy of the Mohammedan princes of Delhi till 
nearly the whole of the ]Kniinsula owned them as 
its overlords. Yet even before the year l.*150 the 
unwieldy empire held togeihor by nothing but 
the power of the Delhi armies was breaking up ; 
the Hindu princes of the Deccan were asserting 
their independence, and Bengal had brf)ken free 
from the yoke. The power of the Tughlaks was 
entirely wrecked by the great invasion of Timur 
in 1398. The short-lived empire of Delhi was 
brought to an end. 

Changing Fortunes in a Divided Land. 

Timur w’as a raider and nothing else, like Mahmud 
of Ghazni, a destroyer, but not a builder. Ont^e 
more India became simply a congeries of kingdoms, 
owning no common authority, ever expanding and 
contracting, in G roater Hindustan the supremacy 
was generally hold by Mohammedan princes ; 
Delhi remained the seat of Mohammedan power, 
first under a Seiad dynasty, who claimed uescent 
from Ali, the son-in-law of the Prophet, and then 
under the Afghan Lodis, who again held the 
Punjab as well as the Upi>er Ganges district. 

In Rajputana, however, the Hindu princes 
shook themselvQs completely free from the Mo- 
hammedan dominion. In tlie Deccan there were 
for along time two rival powers, the Mohammedan 
Bhamani. dynasty and the Hindu kingdom of 
Bijanagar. But before the end of the fifteenth 
century the Bhamanis had extend^ their lord- 
ship over Bijanagar, although their dominion was 
in its turn broken up into jjtates chiefly under 
Mohammedan dynasties, of which the greatest 
three were Bijapur, Ahmednagar, and Golconda. 

Such was the condition of India when the most 
picturesque of conquerors, Babar, invaded Hindu- 
stan from Afghanistan, and laid 'the foundations 
of the Mogul empire. But already the great 
voyage of Vasco da Gama had emned to the 
Western nations a new highway to India', and the 
Portugiie^ had establish^ their first settlements 
on the western coast of India and on the Persian 
Guli. ^ ’ A. D. DJNBS 
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utility of Tramways. Bed, Rails, Rail Joints, Cross- 
ings, and Paying. Tramway Construction Costs, 

TRAMWAY CONSTRUCTION 

*T^M distinction between a tramway and a surface of an ordinary road, so that other and 
,, railway is hard to define. The word tram unadapted vehicles can move freely over it and 
first appeared in the engineering world as the. across it. In the United States of America, 
name given to a sort of waggon used for coals, however, the last of these is more commonly 
and a tramway was a tony for such a waggon. described as a street raihvayy in many respects a 
Historically, tramways came first, and the preferable term. 

railway is, in fact, a development from the A tramway will generally, therefore, differ from 
tramway. a railway mainly in the following respects — 

The first tramways were rails of timber laid lighter loads, slower speeds, more frequent 
from various collieries to the nearest wharf service, sharper (mrves, and steeper gradients, 
exactly straight and parallel. As the wood w^as All these have modifying effects upon construc- 
quickly worn by the rough traffic, wooden rails tion. 

were nailed on the top of the others, and Street Railways. The design of these 
could be easily detached and renewed as required. must provide that the special rolling stock will 
Then wrought-iron laths were introduced for be confined to the rails, while all other vehicles 
the like purpose, but without much advantage are free to move on and off. An infinity of de- 
to economy on account of the high cost of the vices have been proposed and tried to effect this 
metal. object economically. By process of survival of 

The First Tramway. In 1767, from the fittest, the form of rail shown in 73 is now 
some adventitious circumstances, the price of most generally used, together with wlieeLs having 
pig iron became very low, and the Coalbrook- flanges on the inside as described for rolling 
dale Iron Company, in order to keep their stock of railways. 

furnaces in, thought it would be the best Unsettled Ground. In cases where a 
means of stocking their pigs to lay them on the tramway must he laid upon ground which 
wooden rails, as this would helxJ to pay 'interest, cannot ho relied upon to -sustain tlic traffic 
by reducing repairs of the rails, and if the price permanently, it is best to adopt the slcfqx'r tjon- 
of pig iron 
rose, the pigs 
could bo taken 
up and used 
as cast iron. 

This is a good 
illustration of 
how the deve- 
lopment of the 
construction of 
ways of com 

munication is governed by the relative cost of rails raised by packing more ballast beneath the 
materials. sleepers. 

With the invention of the steam locomotive, Usual Construction. Under ordinary 
which required a road to itself, IramAvays almost 'circumstances, the rails are laid upon a bed of 
disappeared from this country. They were no concrete about 6 in. thick, more or less, as con- 

longer wanted for the collieries, and on the ditions require [71], The photographic rex)ro- 

ordinary roads the public would not have them. duction [72] illustrates a tramway lino under 

In America, however, where ordinary vehicular construction. It must be seen, however, that 

traffic was hut meagrely developed, tramways the concrete itself rests on a solid, compacted 

g^ew up freely, and underwent many modifica- foundation, so that it shall not be subjected 

tions and improvements as the use of iron and to irregular cross strains sufficient to cause 

steel increased. They were introduced into cracks. The concrete may be fortified by 

Engiisheitiesbyan American engineer, Mr. G. F. introducing iron rods into the lower layers 

Train, during the ’sixties, in spite of great while it is being put in. Such rods may be | in. 

opposition. or }in. in diameter, and laid both longitudinally 

What is a Tramway ? As now used, in the direction of the rails and transversely 

the word tramway may mean a light, temporary to them. In this connection the articles on 

railroad used by contractors for various reinforced concrete construction [page 1375] 

purposes ; a permanent railroad of narrow should be consulted. 

gauge within the precincts of a factory or This rigid method of construction is very 
colliery ; or a railway laid level with the suitable to the streets of town.s, but, as readers 

WCLUDlNa SURVEYING. RAILWAYS, SHIPS. VEHICLES; MOTORS, d AVIATION 
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of trhe foregoing will readily* appreciate, it is 
possible only on account of the comparatively 
light loads and slow speeds to which the tram- 
lines are liable. And already in cities where the 
speed and weight of the tramcars are more than 
the average, its disadvantages are becoming 
apparent. It suffers much from the hammering 
effect of the wheels, and immediately any part 
is loosened, the hammering or pounding becomes 
aggravated at that place, rapidly causing destruc- 
tion of the part. The introduction of wood 
between the rails and the concrete is therefore 
desirable where heavy traffic is anticipated in 
order to provide sufficient “ give ” to absorb 
the shocks. 

The concrete may consist of four parts broken 
stone, two parts sand, and one part cement. 
The chief advantage of concrete beneath a street 
is that a uniform profile is more easily maintained 
upon the surface, which assists drainage and has 
the good appearance which the public demand. 

Laying the Rails. The setting of the 
rails upon the concrete may be done in several 
ways. After 
the concrete is 
set it will 
always bo 
found that the 
surface is not 
true enough 
to enable a rail 
to be simply 
placed upon it. 

The concrete 
may therefore 
be laid within 
a short dis- 
tance of the 
level of the 
base of the 
rail and the in- 
termediate 
space — say an 
inch — made 
good by blocks 
or wedges. 

Then, when 
the rail is in 
position, the 
space may be 
completely 
filled in with 
fine concrete. 

In places 
where the con- 
Crete is unduly y 
high this is not 
always easily 
done, and then 
there remains 
but a thin, imperfect* layer of cement,' very 
liable to crumble under the traffic. 

Granite chips are sometimes introduced to fill 
the space^or the*rail» mav-be placed first in their 
correct positions, and held by temporary supports, 
while the concrete is put m beneath them and 
cai*lried up over the base of the rail, so as to 
include it. To effect this the concrete must be 
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rather wet, and care must ^ taken that it is well 
worked in beneath ''the rail and «amoothed off 
before it sets. If wood 1^ used as a cushion 
beneath the rail; the lading of the concrete is 
done in the same way, except that it is seldom 
carried above the level of the. bottom of the 
wood. The wood is commonly made 1 in. wide 
and 4 in. deep, and should, of course, be tho- 
roughly croosoted. One of the objections to 
concrete beneath the rails is the time required 
for it to set ; this greatly interferes with rapid 
completion of the work, since it would be its 
destruction to allow traffic to begin until the 
cement had hardened. There is, consequently, 
a great temptation to use very quick-setting 
cements for this work, whereas the cements that 
show the greatest durability are slow-setting 
cements. 

The gauge in a tramway of this kind is not so 
easily defined os on a railway, on account of 
the wheel flanges running in a groove. To take 
rolling stock as made for a railway of the same? 
gauge, the distance from the outside edge of 

one groove to 
the outside 
edge of the 
other should 
1 bo half an inch 
less than the 
railway gauge, 
and the groove 
rather larger 
than it is 
ordinarily per- 
mitted to be 
made for tram- 
ways. The 
gauge is main- 
&iined by tie- 
bars, placed at 
intervals of 
0 ft. or more 
between the 
rails. See the 
half section in 
71. 

RailJoints. 

The joints of 
the rails are 
even more 
trouble- 
some upon a 
tramway than 
on an ordinary 
railroad, since 
they are 
covert ; up 
and ' inacces- 
sible, except at 
the cost of 
taking up the roadway. Sometimes boxes are. 
provided alongside to enable themi to be got at, 
but unless the boxes are large endiigh to enable 
the whole of the joint to be examined, and the 
bars to be removed and replaced, they are not 
of much benefit. 

When a Joint becomes loose, dirt and grit 
work in between the parts and prevent any 
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efHoient tightening up, so that the parts must be 
taken out e^nd cleaned before being tightened. 

^Oie rail joints of a tramway may bo examined 
by placing on the top of the rail, over the joint, 
a straight-edge 5 feet long. If a depression of 
as much as i in. appear at the joint,' it must 
be seen to. Another system that does not neces- 
sarily exclude the above is to overhaul thoroughly 
all joints at regular intervals — say, once a year. 

^ One advantage of having the rails 
«hemmed in on both sides by blocks of 
wood or granite setts is that the diffi- O ( 
culty of maldng good joints is not \ 

complicated by the necessity of allowing V 

for the expansion due to temperature. 

As the track cannot move sideways, 
the only effect of expansion or con- 
traction, under the ordinary variations 
of teniperature, is to produce 
stresses of tension or compression i 

in the rails themselves, which they • ) 

are well able to sustain, cz 

Continuous Rails. The 73, 
rails may therefore bo made con- 
tinuous by welding each one on to the next, so 
that there are really no joints at all. The welds 
may be effected by means of cast iron, by electri- 
city, or by thermit The first requires a miniature 
blast furnace to produce the cast iron, the second a 
formidable electric apparatus, but for the third 
only a few pounds of mixed ferric oxide and finely 
divided aluminium are wanted. This mixture, 
on ignition, supplies a quantity of superheated 
molten iron, and by moans of this a very intimate 
union is effected between the two rails. The 
chief drawback rests in the possibility of failure. 
Bad workmanship on an ordinary joint may bo 
rectified without much trouble, but if a wold 
fails the ends of two rails are ruined. The heat 
involved in a weld is so great that time must bo 
allowed, before proceeding too far, 
for cooling to take place, with its ... . - 
accompanying contraction of the \ C:\ f 
rail. This somewhat limits the \ V 
speed with which a tram-line can bo 
laid with welded joints under this 

system. 

Points and Crossings. The - 

ourves and angles being - 

necessarily sharper upon X ' ’ “ 

street railw'ay than ^ 

upon an ordinary rail- 1 [ i \ I 

way, the points and | ^ 

crossings cannot be V \ ' r-v V 

straight ; they must in 
all eases be specially : I i J 
constructed to the angle 

and to the degree of 74. section op raij 
curvature to be laid out and soLsr 

in the place they are to 

occupy. This special construction takes time, 
and allfrogs^nd similar fittings that must be 
specially ma^should be ordered from the manu- 
facturers as oarly as possible, as the completion 
erf the work is necessarily delayed until they are 
delivered and put down. 

Whether for facing points or trailing points, 
a single tongue is sufficient, and most commonly 
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Osed. Tts use obviates the need of a pointsman, 
except in times of very heavy traffic. • 

On less ‘frequented roads, the motorman stops 
lust over the point as I e 00 ucs up to it, and, 
leaning over the dashboaid, oin alter its pasition 
by means of a hooked end iron hanging there 
for the purpose. The actual point in the frogs 
and other paits liable to special wear is usually 
composed of specially hardened metal, and the 
groove may hero be made more shallow, 

so that the wheels roll on their flanges 

I while passing the gap, and thus diminish 
the bump, which cannot bo entirely 
^ avoided with fixed facing or training 

points. 

Resistance. When the groove of 
the rail becomes choked with dirt and 
stones, the w^hccl fianges grind upon it, 
and this effect, together with the 
friction on the sides of the flanges 

of the wheels, causes the resistance 

‘ N to traction on such tramways to 
TRAMWAY RAIL doublc that on an ordinary 

line of railway. 

Paving. The paving of the road between 
the tram-lines and on each side of the rails is a 
matter of great importance to the proper 
maintenance of the way. Wood paving is often 
insisted upon, and there is danger that the swelling 
of the wood between two rails after prolonged 
rain should destroy t’le gauge by bending the 
rails or tilting them When wood paving is 
used, it is therefore necessary to have sub- 
stantial ties, placed closer together than would 
otherwise be necessary. The wood blocks 
will then sometimes arch themselves between 
the rails, causing a hollow beneath while the 
swelling lasts. For facility in making repairs, 
as})halt is to bo preferred as a paving material ; 
it is also to bo ))refcrrcd for hygienic reasons, 
giving less access to unw'holcsome 
• • •' organisms. But for durability ami 

n ' economy hard woods give better 

1 ! results than asphalt, and a safer 

. > Y ; footing for the horse traffic. Granite 

' ' ’ setts are not tolerated in most tow as 

I ’ on account of the noise made by 

J- • ] 5 the traffic over them. They form, 

[ however, one of the 

f ■ ■ defences to that 

I ^ ! f I "'Pi luost troublesome form 

• I 1 ' I I of w'car which is occa- 

sionod by the tendency 
other vehicular 
‘-i traffic to run close to 

\ . ] the tram-rails. 

The tram-rails them- 

SHOWING FisiirLATE ficlvcs form a track of 
.ATE JOINT least resistance, at w hich 

the horse traffic seems 
to aim by getting at least one wheel on a tram- 
rail. Even if this be successful, unless the gauge 
of the vehicle is the same as that of the tram- 
line, the other w’heel will bo just off ; and usually 
both wheels are running off and on all the time, 
causing excessive wear to the road in the neigh- 
bourhood of the rails, which is unduly expensive 
to make good. 


74. SECTION OP RAIL SHOWING FISIirLATE 
AND SOLBPLATE JOINT 


P 
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Tramway Coats. The cost» of laying a 
streib railway will bo approximately £4500 to 
£5500 per mile of single line. Of this, the rails 
and fastenings will account for 20 to 22 per 
cent. ; special work in points, crossings, and the 
like, 9 to 10 per cent. ; ballast, sand, and materials 
for concrete, 13 to 15 percent. ; paving materials, 
29 to 32 per cent. ; labour, 15 of 16 per cent., 
the remainder being miscellaneous. 

Electric Traction. The introduction of 
electric traction, with its larger cars, heavier 
loads, and increased speed, has wrought a 
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revolution in c.amway construction. In all road 
tramways the rigidity of the bod is an essential 
factor in prever mg disintegration of the paving, 
while on the other hand the rigidity of the track 
leads to excessive hammering and pounding of 
the rails and bed by the passing traffic. 8o far 
08 the tramway is concerned, there are four 
distinct methods of electric traction — the over- 
head trolly system, the accumulator system, the 
conduit system, and the surface contact system. 

Various Systems. The overhead trolley 
system is by far the most common. In thi.s the 
electric current is conveyed along the route by 
bare overhead wdres, from which it is collected 
by swivelling trollies on the vehicles, the return 
current being conveyed back to the generating 
station by the rails, which require to be specially 
bonded for the i)urpose. 

In the accumulator system, the cars are driven 
by motors attached to tho axles, actuated by 
the power from batteries. These are stored in 
boxiis, generally under the car seats, and are 
charged at the power house. It is unnecessary 
to make any special provision in the track for 
this system, which is, however, now practically 
obsolete, owing to the excessive cost of main- 
taining tho accumulator plates and the heavy 
dead load which has to be carried by the cars. 

The conduit system is so called because of the 
conduit which is required to be constructed under 
the track, of which it forms a part, for the whole 
length of the tramway. This system is very 
expensive, by reason of the interference it causes 
with sewer manholes, gas and water pipes, and 
house services of all kinds. The London tramway 
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system is the most extensive example of this mode 
of construction. 

There are several surface coiftact systeais, 
varying in details, but all have, on the surface 
of the roadway between the rails, a stud, or plate, 
which is energised os the car passes, and allows 
the current to bo picked up by the vehicle. Tho 
plates are automatically de-onergisod after tho 
car has passed, so that, unless the mechanism 
fails, there is no risk of shock to pedestrians and 
horses. The mechanism is very intricate, and 
the system is not largely adopted, the biggest 
mileage being at Wolverhampton, where the 
Lorraine system is employed. 

Rail Joints. Ordinary fishplate joints which 
are satisfactory for horse traction are quito 
useless for electric traction. The simplest joint 
for electric traction consists of the addition of 
a soleplate [74 and 75 ] about 20 in. long. 12 in. 
wide, and 1 in. thick, Secured to the under side 
of the flange of the rails by clips and bolts. 
The rails being usually in. or 7 in. deep, and 
the pax'ing only 5 in. deep, the concrete road-bed 
covers the soleplate and flange of the rail, which 
is thereby to a certain extent anchored down. 

The chief disadvantage of the soleplate is 
that it is almost impossible to pack the concrete 
solidly under the full width of the plate, evi‘u 
though it is tamped in from both sides. Tlie plate, 
thus^being only partially supported, sj)rings as the 
load comes over it, and gradually works loose. 

Bolts and Nuts. In order to facilitate the 
packing of solcj)lates the bolts are sometimes 
made with flat, oval heads,, having a projection 
of half an inch or thereabouts. In this case 
the necks of the bolts are made oblong, instead 
of square, to strengthen the wide-spreading 
head. Bolts of the same typo are also used to 
secure the fishplates to avoid excessive cutting 
of the paving around the projecting head. 
The flat head of the bolt is fixed on the outside 
of the rail, because on that side the fishplate 
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projects almost to a line wi^ tho head of the 
rail; and as the paving must be laid close to the 
rail, a certain amount of undercutting of the 
former is unavoidable. 

The nuts used are almost invyjmbly lock 
nuts. These nuts are prepared variety of 
patterns, and are so formed tha^khey can be 
readily tightened up, but they blU on to the 
thread of the bolt and are rnffiow to loosen. 
Some of the nuts deform the threaMbut many 
of the most satisfactory types do n||t injure it 
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at aJl. Steel of the very highest quality is used 
for the bolts, li soft steel is used there is a 
temdenoy for* the joints to work loose by the 
stretching of the bolts under the strain. The 
dotted groove and guard of the rail shown in 
74 indicate the special section used on curves 
of quick ’radius to obviate the grinding action 
which would occur between the flanges of the 
wheel and the rail were the ordinary narrow' 
groove employed. 

* Loose Rails. The working loose of rails or 
plates is a serious matter, owing to the difliculty 
of remedying the trouble. The first apparent 
result is a slight cracking or opening of the 
longitudinal joint between the rails and the 
paving, and this allows water to percolate 
through to the rail bed. As a car passes over 
this, water is “ pumped ” out, or forced from 
below the rail to the under side of the paving, 
w'hich is raised slightly for the moment and falls 
back after the car has passed. Probably, how- 
ever, some of the jointing material will slip out 
of the joint and lie under the paving so that it 
will not return exactly to its original i)osition. 

Grouting as a Remedy. The continuous 
repetition of this action soon causes the paving, 
for a width of 
perhaps one foot 
from the rail, to 
become so loose 
that individual setts 
or blocks may bo 
picked out by hand. 

To remedy this state 
of affairs the whole 
of the loose paving 
is taken up and 
cleaned, the bedding 
material removed, 
and the concrete broken out about 6 in. 
wide and 1 in. deep below the flange of the 
rails. Liquid cement grout is then poured 
in while the rails are lifted to a slight extent 
to allow it to run underneath, the surplus being 
squeezed out as soon as the lever is removed 
and the rail dropped agam. Great care must 
be exercised in doing this, particularly near the 
ends of the defective section, otherwise the 
adjoining rails vrill be loosened. The concrete 
bed is then made good again, and the paving 
relaid as before. 

This work cannot be done satisfactorily 
while the cars are running, and, even if done at 
night, the cement will not have hardened to a 
Bulflcient extent by the morning. To avoid 
this trouble altogether, elaborate systems of 
anchoring the track have been de\'ised. 

Rail Drainage. Considerable protection is 
afforded to the track by providing ready means 
for the removal of the rain-water which collects 
in the grooves/^f the rails and runs along the 
track to the points where it forms pools. 
Rail drain boxes should be fixed at all low 
Joints, at intervals upon a long gradient, and 
also at interv^b on a flat length of track, b^use 
the water diEmnot flow away, and therefore 
accumulates* where it fails. 


Rail drain ^oxes arc of oast iron and oblong 
in shape; they fit underneath the guard of the 
rail and are bolted to the web [76]. They are 
Sometimes fixed on the outer rails only, but it 
is better to provide one on each rail. The 
bottom jjart of the groove is cut out so as to 
form slotted holes about 4 in. long, having 1 in. 
of solid metal between each hole and covering 
a total length of about 1(5 in. When the rain, 
travelling along the groove, reaches these slots 
it falls through into the rail drain box, and 
thence to a sump or manhole in the centre of 
the track. The outlet from the manhole should 
bo about 12 in. above the bottom, so as to provide 
capacity for the retention of the mud, which it 
is undesirable should enter the sewers. A dis- 
connecting trap should be inserted on the pij)e 
leading from the manhole to the sewer, so as 
to prevent emanation of sewer gas. 

Bonding. As the rails arc utilised to conduct 
the return electric current back to the generai:ing 
station, it is necessary that tho track should 
form a good continuous conductor of electricity. 
Tho fishplates are fitted tightly against tho 
raib, but tho areas of contact are small, and, 
consequently, at each joint there is an appre- 
ciable break in tho continuity. To overcome 

this tho rails are 
bonded by moans of 
copper bonds, two 
to each joint, con- 
nect^^^ the adjoin- 
ingCw.ils[75]. Holes 
for the bonds aro 
fo" ned in tho webs 
or tho rails, and 
rimered out bright 
and true to size. 
Tho head of tho 
bond is then inserted 
and expanded by means of a steel pin driven 
into its hollow centre. A very close contact of 
copper to steel is thus obtained. When completed, 
the resistance of a length of two feet including 
a joint should not exceed and is frequently less 
than the resistance of a length of four feet of 
plain rail. At all i)oiiits and crossings long bonds 
aro fixed so as to connect the rails on either 
side ; and cross* bonds aro inserted at frequent 
intervals between the several rails. 

Anchors. Tho tracks arc anchored dow'n by 
means of anchors, consisting of short lengths of 
H section steel, or of old tram-rails inverted and 
riveted or bolted to the under side of the raiU 
[77]. The anchors are usually placed longi- 
tudinally with tho track, under the joints and 
at intervab of about ten feet along tho rails. 
Tho joint anchors which take the place of tho 
soleplates aro about 18 in. long, and the 
remainder 9 in. long. 

J u nctions and Points. The points consist 
of steel castings with either movable or fixed 
tongues. They are usually about 12 ft. in 
length and curved to the same radius as that 
at which the branch line loaves the main track 
[78, 79 and 80]. The description “ L.H. to 
L.Mov.” indicates that the point is made to be 
fixed on the loft hand — wheii standing in the 
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track facing the toes of the poimts — that one 
leg of the point curves to the loft while the other 
one runs straight, and also that the toiiguo is 
movable. The companion point, “ R.H. to I-i. 
Open,” is fixed on the right-hand rail, one leg 
curving to the Ipft, and the tongue being open 
or fixed — that is, it is a part of the casting. 

The movable points are fitted ^ivith a spring 
which keeps them fixed in whichever position 
they may be placed. By merely altering the 
position of the spring, the point can be converted 
into an automatic one. The tongue is then held 
against one side so as to turn all traffic entering 
the points into one branch, but the flanges of 
the wheels on the cars coming in the opposite 
direction can force the point open to allow them 
to pass, after which it springs back immediately 
to the normal position. The length of the lead 
and the angle of the crossing are dependent 
upon each other, and are designed to give 
smooth running. 


Coat of the Conduit System. The exces> 
sively costly nature of the conduit system arises 
hot so much from the expense ol construction 
of the conduit but of the special work, such 
as the points and crossings at all junctions, 
and the crossover roads that connect the two 
tracks together at frequent intervals Jo enable 
the traffic to be diverted from one track to 
another in case of breakdown or obstruction. 
This special .work frequently adds 30 to 35 per 
cent, to the cost of a scheme measured and 
valued as straight track throughout. [See 
Electricity, page 1818.] 

Construction of Conduit Tracks. In 
forming the track, cast iron yokes of H section 
are fixed at intervals of 3 ft. or 4 ft. The 
inner portion of the yoke, shaped to the cross 
section of the culvert, and the alternate yokes 
have long and short arms respectively. The 
long ones are used for supporting the rails which 
are secured between two projecting clips by 
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Construction of Curves and Passing- 
Places. Curves arc frequently spiralised — that 
is, they have an increasing radios os they approach 
the straight line, so that the change from straight 
to curve is almost imperceptible. Passing- 
places, also called turnouts, are iilaced on single 
track tramways to allow the vehicles to pass [81 J. 
They are usually fitted with equilateral points, 
so that the centre line of the single track pro- 
duced forms the centre line of the double track. 
The wddth of centreway between the two tracks 
depends upon the gauge of the tramway and the 
width of the cars ; it must, however, be such 
as to give a clear space of 1 ft. 3 in. betw^een 
passing oars. The length of the straight por- 
tions of passing-places is usually sufficient to 
allow two cars to stand without fouling thei 
adjacent track. The standard gauge in London 
and many other towns is 4 ft. 8| in. ; a gauge 
of 3 ft. 6 in. is very common in the Midlands ; 
and a 4 ft. gauge is also adopted in some places. 
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steel wedges driven between the flange of the 
rail and one clip. The slot rails are bolted to 
the top of each yoke. The slot rails have to be 
of sufficient strength to support the ordinary 
vehicular traffic of the road ; they are some- 
times, but not often, jointed with fishplates, 
similar to the rails. The tie -bars cannot be 
fixed from rail to rail in the usual way because 
the slot intervenes; they are therefore fixed 
alternately from the slot rail to the running rail 
and from the slot rail to the yoke. The yokes 
are embedded in the concrete tube which runs 
the full length of the track. 

For conveying the electric current two bars of 
T section run longitudinally tliroughout the 
tube. These bars are supported on insulated 
brackets suspended from the yokes, and are 
bonded at the abutting ends of adjoining lengths. 
Surface boxes are provided to give access to 
each of these brackets, to the sumps, and to all 
other parts that may require attention. 


6R 0UP 9-LITERA TURE • THE IMPERISHABLE RECORD OF THE MIND-CHAPTER 24 

, American Writers. Ancient and Foreign Classics lor English 
Readers., Books that Must, May, add Need Not be Read. 

COMPARATIVE LITERATURE 

W HAT is technically known as “comparative Poetry. In i^oetry, the outstanding names 
literature ” is a vitalising factor in inter- are those of William Cullen Bryant 

national goodwill arid the fellowship of nations, (b. 1794 ; d. 1878) ; Ralph Waldo Emerson 
• To know only the literature of our own (b. 180.3; d. 1882); Henry Wadsworth 
country is no small thing, but we must know Longfellow (b. 1807 ; d. 1882) ; John 

also something of the other literatures, else wo Greenlkaf Whittier (b. 1807 ; d. 1892) ; 
are in much the same position as the man who Edgar Allen Poe (b. 1809 ; d. 1849) ; Oliver 

has travelled throughout these green islands of Wendell Holmes (b. 1809 ; d. 1894) ; Walt 

our race and has never set foot on foreign soil. Whitman (b. 1819 ; d. 1892) ; James Russei.l 
He is the least competent person to tell us of his Lowell (b. 1819 ; d. 1891) ; Charles Godfrey 
own land, lacking as he does all standards of Leland (b. 1824 ; d. 1903) ; Richard Henry 
comparison. The reader who knows only his Stoddard (b. 1825 ; d. 1903) ; Bayard Taylor 

national literature is not quite so insular, since (b. 1825 ; d. 1878) ; Francis Bret Harte 

ho has at least spent time in the company of (b. 1839 ; d. 1902) ; James Whitcomb Riley 
writers who, for the most part, reflect a (b. 1853) ; and Cincinnatus HineR Mii.leu 
universality of culture, but it behoves the (“Joaquin Miller”) (b. 1841; d. 1913). A 
serious student to acquire some knowledge of number of those poets are no less, and some arc 
foreign literature, preferably in the original, more, distinguished as prose writers, 
oven if his linguistic attainments be limited to Prose Fiction. American prose is cha- 
one foreign language — French or German. There racterised by much didacticism ; its earlicKst 

is, however, an abundance of good translations, examples bear the impress of Stcclo and Addison 
Thus, many of the best novels of recent years and the Puritan divines. In its later phases it 
have come to us from France, Germany, Russia, has, however, lacked neither fancy nor humour, 
and Italy. Some of the soundest criticisms the humour being especially racy of the soil, 
of English literature are the work of French Perhaps no name more representative of 
wTiters. In the study of comparative literature, American letters could bo mentioned than 
the French are undeniably in advance of our- that of “ Mark Twain,” Samuel Langhornk 
selves ; and a few years ago a most useful Clemens (b. 1835 ; d. 1910), who is essentially 
treatise on the subject was written by M. Frederic a humorist, with a vein of seriousness cropping 
Loli^e. This has been translated by Mr. Douglas out at times above the surface of his humour. The 
Power, and published under the title of short story has been brought nearer to perfection 
“ A Short History of Comparative Literature in America than it has in England. Taking the 
from the Earliest Times to the Present Day ” writers of fiction in chronological order, the 
(Hodder & Stoughton. 6s.). There can be no following may bo accepted as representative : 
doubt, of course, that it is best to read a foreign Jame.s Fknimore Cooper (b. 1789 : d. 1851), 
book in the language in which it was originally author of “ The Last of the Mohicans ” and 
written, but the reader’s knowledge of that other tales of Rod Indian life ; Nathaniel 
language must bo a cpmjietent knowledge. Hawthorne (b. 1804 ; d. 1864), author of 
Where this is lacking, competent translations “The Scarlet Letter”; Oliver Wendell 
are the more desirable from every point of view. Holmes, author of “ Elsie Veiincr ” ; Edgar 
The English Bible is a translation, so we may Allen Poe, an absolute master of the short 
well accept Homer at second hand. . story; Harriet Beecher Stowe (b. 1811; 

^ 1896), author of “Uncle Tom’s Cabin”; 

AMERICAN LITERATURE Francis Richard Stockton (b. 1832 ; d. 1902), 

Although it is true in the main that American author of “ Rudder Grange ” ; Thomas Bailey 
literature is only a province of English literature, Aldrich (b. 1836 ; d. 1907), whoso “ Queen of 
we have not dealt with American writers in our Sheba ” is one of the greatest of short stories ; 
preceding studies, reserving them for separate William Dean Howells (b. 1837), who shares 
notice. Apart from the influences of environment, with Henry James (b. 1843) the honour of 
the sources of American literature may be truth- being at the head of living American novelists, 
fully described os English and German. In as Thomas Hardy decidedly takes the lead in 
America of recent years there has been a much England ; George Washington Cable (b. 1844), 
greater study of the Greek and Roman classics, the author of “ Old Crcolo Days ” ; Joel 
while Transatlantic scholarship is rivalling that Chandler Harris (“ Uncle Remus ”) (b. 1848 ; 
of England, particularly in regard to the Titera- d. 1908) ; Francis Marion Crawford (b. 1854 ; 
ture of the Elizabethan period. We must now d. 1909), who, though born in Italy, and devoting 
pass in review the names of those American his talents to the description of Italian life, may 
authors with whose work every English reader be ranked as an American ; Harold Frederic 
ihould be acquainted. (b. 18 56 ; d. 1898) ; Gertrud e Atherto n ; and 

ENaUSH LITERATURE, F0REI6N CLASSICS. AND JOURNALISM 
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Edith Wharton (b. 1862), whoe^ “ Valley of 
Decision ” and House of Mirth ” are among 
the best examples of the novel, while her tale 
“ The Descent of Man shows her to be one of 
the best of short-story writers now living. 

Criticism and Philosophy. Of American 
essayists, critics, and philosophers, much might 
be written, especially of Benjawmn Franklin 
(b. 1706 ; d. 1790) ; Washington Irving (b. 1783; 
d. 1859) ; Ralph Waldo Emerson ; James 
Russell Lowell ; Oliver Wendell Holmes, 
and Henry David Thoreau (b. 1817 ; d. 1862). 
Of more recent writers, in addition to W. D. 
Howells and Henry James, may bo cited 
Edward Everett Hale (b. 1822; d. 1909); 
Thomas Wentworth Higginson (b. 1823; d. 
1911), and Charles Eliot Norton (b. 1827 ; 
d. 1908). 

Science and History. In the world 
of science the name of the Swiss naturalist 
Jean Louis Rudolphe Agassiz (b. 1807 ; d. 
1873) may bo claimed as American. American 
historians of note include George Bancroft 
(b. 1800; d. 1891); John Lothrop Motley 
(b. 1814 ;d. 1877) ; William Htckltng Prescott 
(b. 1796; d. 1859), and George Ticknor 
(b. 1791 ; d. 1871), whose “ History of Spanish 
Literature ” is one of the best works on that 
difficult subject. Some acquaintance with the 
works of every writer named is desirable in any- 
one who would bo considered “ well read.” 

ANCIENT CLASSICS 

Greek Literature. An excellent little 
primer on the “ History of Greek Literature ” 
is that by Sir Richard Jebb (Macmillan. Is.). 
The study will be the more profitable if it is 
made supplementary to a study of the history 
of Greece, for which purpose we would commend 
W. Smith’s “ Student’s Manual of Greek 
History ” (Murray. 78. 6d.). One further point 
has to bo borne in mind, and that is the import- 
ance of a knowledge of mythology. This in 
itself is a wide subject, but some acquaintance 
with it is a primary essential for all who wish to 
understand the language of the classics, modern 
as well as ancient. There is a useful little hand- 
book of mythology by Thomas Bullfinch 
(Routledge. Is.). 

The student’s next concern will be with par- 
ticular authors ; Homer, the father of the epic ; 
Hesiod, poet of men, as Homer was poet of the 
gods ; Theocritus, the writer of idylls ; Pindar, 
the lyric poet ; iEschylus, Sophocles, Euripides, 
the writers of tragedies ; Aristophanes, the 
writer of comedies ; Plato and Aristotle, the 
philosophers ; Xenophon, Plutarch, Thueyffides, 
and Herodotus, the historians ; Demosthenes, the 
orator ; Lucian, the satirist ; and others. 
We know of no better introductions to the study 
of these masters than the ” Ancient Classics 
for English Readers ” (Blackwood. 28 vols.. Is. 
each). Of the “ Iliad ” and the “ Odyssey ” of 
Homer, Chapman’s versions still maintain a 
general excellence despite many rivals ; and we 
may here commend Gladstone’s primer on Homer 
(Macmillan. Is.). For texts and translations of 
the other writers we must refer the student to 
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the catalogues of Messrs. Frowde, Macmillan 
and Bell. 

Latin Literature. We know of no better 
introduction to the study of Latin literature 
than the manual by Professor J. W. Mackail 
(Murray, 3s. 6d.). But A. S. Wilkins’s little 
primer (Macmillan. Is.) and Smith’s “ Student’s 
Rome ” (Murray. 7s. 6d.) will prove most helpful. 
To come to particular works : The philosophical 
poetry of Lucretius ; the lyrics of Catullus ; the 
orations of Cicero ; the epic strains of Virgil^ 
the odes and satires of Horace ; the voluminous 
verse of Ovid ; the histories of Cajsar, Livy, 
Tacitus, Sallust, and Suetonius ; the satires of 
Persiua, - Juvenal, and Apuleius ; the philo- 
sophical writings and plays of the younger 
Seneca ; the comedies of Plautus ; the natural 
history of the elder Pliny ; the epistles of the 
younger Pliny ; the epigrams of Martial ; the 
rhetoric of Quintilian ; the writings of Tertullian, 
the first of the Latin Fathers — these, one and all, 
may well claim patient study. Apart from the 
catalogues of the educational publishers already 
mentioned, J. E. B. Mayor’s “ Bibliographic (^luo 
to Latin Literature ” will be found of material 
assistance to the student, whether the quest be a 
sound text or a competent translation. 

FOREIGN CLASSICS 
Italy. After a good grounding in the 
literature of Greece and Rome, the student 
will turn naturally to the literature of modern 
Italy, beginning with Dante, whose “ Divim^ 
(’omedy,” written at the opening of the 
fourteenth century, links the ancient with the 
modern world, and marks the beginning of what 
is called the Renaissance. As a nucleus of 
this study, Richard Garnett’s ” History of 
Italian Literature ” (Heinemann. 6s.) and Lewis 
Einstein’s “ The Italian Renaissance in England ” 
(Macmillan) could not be improved upon, and 
much help through the tangled maze of an 
important j>eriod of Euro})ean development will 
bo derived from the abstract of John Addington 
Symonds's colossal history of ” The Renaissance 
in Italy,” written by Alfred Pearson (Smith, 
Elder. 7s. 6d. ). One may trace the line of Italian 
literary development from Dante through the 
poetry of Petrarch, Ariosto, Guarini, Tasso, 
Marini, Alfteri, Monti, Manzoni, Leopardi, Metas- 
tasio, Carduoci, and Rossetti ; the tales and novels 
of Boccaccio, Bandello, Manzoni, Gabriele 
d’Annunzio, Verga, Fogazzaro, and Mathilde 
Serao ; and, the prose of Machiavelli, Guicciar- 
dini, Castiglione, Benvenuto Cellini, Bruno, 
Leopardi, Silvio Pellico, and Villari. 

France. French literature is, from a 
strictly literary standpoint^ of the first import- 
ance. One can have no more reliable guido- 
in this study than Professor Dowden’s hand- 
book (Heinemann. 6s.) or Professor Saints- 
bury’s “ Short History of French Literature ” 
(Clarendon Press. 10s. 6d.). Leaving “ the 
shores of old romance ” sacred to such works 
as the ** Chanson de Roland ” and the'** Roman 
de la Rose,” we may briefly indicate the vast 
stores of literary wealth in the language of 
our nearest neighbours by mentioning the 
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histories of Froissart, De Comines, Thierry, 
Quizot, Theirs, Michelet, and Do Tooqueville; 
th^ I)oetry of* Villon, Ronsard, Malherl^e, La- 
fontaine^ Boileau, Andre Chenier, Lamartine, 
B^rahger, Hugo, Alfred de Musset, Leconte de 
Lisle, Beaudelaire, Th^ophile Gautier, Sully 
Prudhomnie, and Francois Copp6e ; the wit of 
Rabelais, Voltaire, la Rochefoucauld, Chamfort, 
Marot, and Montesquieu ; the philosophy of 
Montaignb, Descartes, Beyle (“Stendhal”), 
Rousseau, Condillac, and Condorcet ; the plays 
of Corneille, Racine, Moliere, Scarron, Crcbillon, 
Beaumarchais, Sardou, Hervicu, and Maeter- 
linck ; the thoughts of Pascal and Jouberfc ; the 
novels and tales of Marguerite de Valois, Le 
Sage, Voltaire, Hugo, Bourget, Balzac, Bois- 
gobey, Prbvost, Dumas, Flaubert, Daudet, Zola, 
Merimbe, Maupassant, the brothers De Gou- 
court, Murgor, Georges Sand, Eugene Sue, Erck- 
mann-Chatrian, Jules Verne, Pierre Loti, Ren6 
Bazin, and “ Gyp ” ; the letters of Mine, de 
Sbvignb, Mmo. do Stael, Milo, de Lespinasse, and 
De Sbnancour ; the fables of Perrault and Lafon- 
taino ; the varied writings of Renan ; the sermons 
of Bousset, Fbnelon, and Massillon ; the oratory 
of Mirabeau ; the acute critical work of Saintc- 
Bouve, Boileau, Diderot, Taine, Faguot, Jusscr- 
and, and Brunotiere. To the reader with a 
knowledge of the French language we would 
commend “ Blackie’s Little French Classics,” 
in which the cream of the literature is reprinted 
and carefully annotated. 

Germany. German literature is another 
vitally important section of European letters. 
It has had a profound effect on both English 
and American thought. It is rich in romance, 
poetry, history, philosophy, religion, fiction, 
and works for the young. The English student 
is advised to begin his study of the subject 
with two works by Professor Charles H. Herford 
— “ Studies in the Literary Relations of Eng- 
land and Germany ” (Cambridge University 
Press. 9s.) ; and “ A Short History of German 
Literature ” (“ Heineinann. Gs.). First come 
the tales of the Nibclrngs and the songs of the 
Mastersingers, which form such an important 
groundwork for modern German music, and 
especially the music of Richard Wagner. 

Next in importance from a chronological 
standpoint come the sermons and other compo- 
sitions in prose and verse of Luther, Zwingli, 
and their fellow Reformers. From this stand- 
point may be followed the course, of German 
philosophy in the writings of Leibnitz, Kant, 
Fichte, Bchelling, Hegel, Herbart, Schopenhauer, 
Von Hartmann, and Nietzsche ; the evolution of 
poetry and the drama in the works of Klop- 
stoek, Lessing, Wieland,. Herder, Schiller, Goethe, 
Burger, Kleist, Kbmer, Arndt, Riickert, Uhland, 
Heine, Wagner, Kotzebue, De la Motto Fouqu6, 
Chamisso, Sudermann, Hauptmann ; the the- 
ological writings of Reinhard, Schleiermacher, 
Neander, Strauss, Dollinger, Ritschl, Well- 
hftttaen, and Haeckel ; the historical studies of 
Oervinus, Ranke, Niebuhr, Boeckh, and Momm- 
son ; the novels and tales of Goethe, Tieck, 
Novalis, Hoffmann, Jean Paul Richter, Auer- 


bach, Gustare Freytag, Fritz Reuter, and 
Gottfried Keller. • The philological and scientific 
writings of German origin are far too numerous 
even for the barest mention. 

Spain. The literature of Spain is the 
theme of a well-written monograph by J. 
Fitzmaurice Kelly (Heinemann, 6s.). After 
consideration bf the “ Chronicle of the Cid,” the 
oldest epic in a Romance language, and the 
romance.s of chivalry, such as the ” Amadis do 
Gaula,” the names that the English student 
can least afford to pass over are those of Monte- 
mayor, Cervantes, Lope do Vega, Mendoza, 
Herrera, Calderon, Camoens, Gongora, Juan 
Valera, and Palacio Valdes. It is in particular 
with reference to the history of the drama that 
Spanish literature is worthy of study. That 
its influence on English letters has been con- 
siderable may bo gleaned from F. W. Chandler’s 
“ The Picaresque Novel in Spain ” and J. G. 
Underhill’s “ Spanish Literature in the England 
of the Tudors ” (Macmillan). 

Russia. Russian literature, as represented 
in the work of Gogol, the Russian Dickens; 
Poushkin, Lermontoff, Dostoievsky, Turgenieff, 
Tolstoy, and Gorky, has exercised considerable 
influence on European literature generally. 
Charles E. Turner’s “ Russian Literature ” and 
“ Modern Russian Novelists ” and Waliszewsky’s 
“ Russian Literature ” may be consulted. 

Scandinavia. Scandinavia is also playing 
a great part in the formation of modern litera- 
ture. The dramas of Henrik Ibsen and the 
novels and plays of Bjdrnson Bjornstjorno re- 
present Norway’s contribution. Denmark can 
boast the ])owerful literary criticisms of George 
Brandes ; and Holland the penetrating novels 
of Maarten Maartens. 

WHAT TO READ 

Books that Must be Read. Tho 

student who has companied with us thus far 
is already acquainted with tho books which wo 
consider must be read by all who desire to have a 
substantial knowledge of En;;lish literature. 
Here wo purpose offering no norc than a few 
concluding hints. 

Tho obvious reply to the question, “ What are 
the books that must be read ? ” is. ” The Best 
Books.” But “ the best books ” for one are 
not ” tho best books ” for another. In the voice 
of many counsellors there is wisdom, but this 
wisdom has to be distilled by the person who 
hopes to profit from it. 

This is but one of many reasons why wo 
consider the lists of “ the best books ” that have 
been drawn up from time by time by well- 
known men are positively harmful if taken 
as of universal application. At the same time, 
it is quite obvious that, as Ruskin once wrote, 
“ a well- trained gentleman should know the 
literature of his own country and half a dozen 
classics thoroughly.” The rest may wait on 
inclination. We are at least on firm ground 
in saying that the study of literature for educa- 
tional purposes is likely to be of the greatest 
value if it is based on a knowledge of literary 
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history. The course, then, whic|j we advise 
the student to pursue is to .acquire a good 
“grounding” in general history, and 'then to^ 
study a good handbook to literary history, such 
as the Lectures of Frederick Schk>gel (a transla- 
tion of which is to bo found in “ Bohn’s Library”) 
or the “ Short History of Comparative Litera- 
ture,” by Fr^d^ric Lolii^e, already mentioned. 
Among the other literary histories which will be 
found suggestive, a place may be claimed for 
Taine’s History of English Literature.” In it 
the readers, while being taken over familiar 
ground, has the opportunity, of seeing the 
working of a characteristic French mind. It is 
necessary, however, in reading the book, to 
understand that Taine always builds upon a 
theory, and so marshals his facts that they fit 
conveniently into a proof of his theory. The 
theory underlying the History is that English 
literature is such a complete expression of 
English character that anyone who knows the 
English people might infer that the books would 
be written which have been written. When we 
are on guard against the theory, the arguments 
used become ingenious ; and even amusing. 

The books in English that must be read by 
everyone should include the Bible ; Chaucei's 
“ Canterbury Tales ” ; Spenser’s “ Faery Queen ; 
the whole of Shakespeare ; Milton’s “ Paradise 
Lost,” “ Comus,” “ 8amson Agonistes,” and the 
shorter poems ; Bunyan’s “ Pilgrim’s Progress ; ” 
Swift’s “ Gulliver’s Travels ” ; Defoe’s “ Robin- 
son Crusoe ” and “ Moll Flanders ” ; Gold- 
smith’s “ Vicar of Wakefield ” and his two 
comedies ; Sheridan’s plays ; Byron’s “ Childe 
Harold ” ; Scott's “ Lady of the Lake,” “ Lay 
of the Las^ Minstrel,” “ Marmion,” and all his 
shorter poems ; Wordsworth, Keats, Burns, Gray, 
Tennyson, and Browning ; Lewes’s “ History of 
Philosophy”; Gibbon’s “Decline and Fall of 
the Roman Empire ” ; Bacon’s “ New Atlantis,” 
“Novum Organum,” and “Essays ” ; the Essays 
of Addison, Macaulay, Lamb, and Hazlitt ; 
Green’s “Short History of England”; Carlyle's 
“ Past and Present,” “ Sartor Resartus,” 
“ Heroes,” and “ The French Revolution ” ; Mill’s 
“ Political Economy ” ; Boswell’s “ Life of John- 
son ” ; the novels of Fielding, Scott, Kingsley, 
Thackeray, Dickons, George Eliot, Charlotte 
Bronte, several of Trollope, Meredith, and 
Hardy ; and in foreign literature Homer, 
Plutarch, Virgil, Horace, Dante, Rabelais, 
Cervantes, Moliere, Montaigne, Goethe, Schiller, 
Voltaire, Hugo, and Balzac. 

BooKa that May be Read. Here we 
pass to less certain ground, but we may 
claim that throughout our studies considerable 
care has been taaen to specify, as their names 
have occurred, the works of many great writers 
which might be left entirely to the inclination 
of the general reader, though imperative to the 
student. For instance, we would have every 
“ well-read ” man know the best plays of the 
Elizabethan dramatists, as these are to be found 
in the “Mermaid Series,” but this, imperative 


to the student, is optional to the general reader. 
So with such classics as “ The Wealth of Na- 
tions^’ and “ The Origin of Specif.” The gist 
of Adam Smith’s philosophy and of Darwm’s 
science is absorbed in one’s general reading ; by 
which we mean that both of these writers have 
so influenced their contemporaries and their suc- 
cessors that few intelligent people of the present 
day are ignorant of their teachings, even though 
they may not have read their works. This is no 
excuse for neglecting either ; but the man who 
has not read “ Hamlet ” or “ Paradise Lost,’^ 
let us say, has an unfurnished chamber in the 
mind, and this could not with equal force be 
charged against him who had not read “ The 
Wealth of Nations ” or “ The Origin of Species.” 
Beyond the minimum of “ Books that must be 
read,” which wc have ventured to suggest above, 
the reader may be left to rove at will among the 
treasures of our literature, applying such know- 
ledge as we trust he has acquired in these 
brief studies. 

Books that Need Not be Read. We 

have indicated above that we not believe in 
any “ best hundred books.” A hundred books 
that have a universal appeal could not possibly 
be named by the most ingenious and omni- 
vorous reader that ever attempted the task. 
Few books aie so bad as not to generate one new 
thought in the mind of the reader ; but so long as 
we can turn in a moment to any work which the 
verdict of time has placed among the great books 
of the world, we must not palter with the “ un- 
placed ” modern writer, unless we have for 
ourselves discovered that ho has something to 
tell us for which we are the better, or which 
we want to know. Above all, if we have tastes 
in certain directions, let us develop them. 
Thus, if we delight in history, let us get through 
with Gibbon — a glorious task. 

Finally, in history and science no book need 
bo read whose author is known to be untrust- 
worthy ; in philosophy none that has not been 
accepted by the mass of thinkers ; in religion, 
none whose author has not been noted for 
sincerity, and who could not have said with 
Whitman : 

“ Camorado, this is no book; 

Who touches this touches a man ; ” 
in biography, no book that is not the work of a 
writer noted for his care no less than his sym- 
pathy with literary grace ; in poetry, none that 
has not touched the heart of a generation, or 
awakened the enthusiasm of the most cultured ; 
in fiction, nothing that is not in the estimation 
of honest criticism informed with real character, 
fidelity to life, and charm of style, no matter 
how widely it may have been sold or is selling. 
All such excluded, there will still remain a 
sufficient number of great and enduring works 
of literature to occupy the most insatiable 
reader throughout a long life. 

J. A. HAMMERTON 
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A Course In Journalism begins in the next Chapter in this Group. 
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Openings in British Colonies for Teachers, Nurses, Engi- 
* neers and Surveyors, and Medical and other Officers. 

COLONIAL MUNICIPAL POSTS 


few exceptions, municipal activities are 
^ naturally far less developed in our Colonies 
than in the ordered and close-knit life of the home 
country. But as the townships overseas grow 
in size and wealth, and the need for some sort of 
public control becomes increasingly evident, a 
system of local government grows up apace — 
based for the most part on English models — 
and affords employment for an oflicial staff. To 
select a few striking instances, such towns as 
Melbourne, Wellington, (.^ape Town, and Johan- 
nesburg enjoy a municipal system of local service 
as fully developed in many respects as that of 
London.; and examples are not wanting of 
Colonial corporations with profitable undertak- 
ings in gas, electricity, and similar “municipal 
trading ” ventures. 

Openings for Englishmen. For readers 
in this country the greatest interest attaches 
to the practical question, “ What demand 
exists in the Colonies for municipal officers 
from England ? ” It must be admitted at once, 
in reply, that the general position in respect of 
municipal employment closely resembles that 
described in our preceding chapter with reference 
to the Government service. The colony itself, in 
a word, is usually able to meet its own demands 
for candidates. 

But this rule is not without many exceptions. 
Owing mainly to the local lack of training facili- 
ties, the leading Colonial towns apply from time 
to time to English sources for suitable officers; 
and particularly for such skilled servants as 
school teachers, nurses, medical officers of health 
and sanitary inspectors, and municipal engineers 
and surveyors. 

In such cases the selection of a suitable English 
candidate is usually entrusted by the corpora- 
tion concerned to its agent in London, who 
advertises the vacancy either in an organ of the 
particular calling from which applications are 
sought, or in one of the weekly or monthly 
papers devoted to municipal affairs. Among 
publications of the latter class, that in which 
announcements of Colonial appointments most 
frequently appear is probably the “ Municipal 
Journal,” published at Sardinia House, Sardinia 
Street, London, W.O. 

Public School Teaching. The depart- 
ment of public education, which in some corners 
of the Empire is in the hands of the responsible 
Government, but is generally controlled by urban 
or district authorities, affords greater scope for 
candidates from Great Britain than any other 
branch of the Colonial public services. Not that 
teachers from the Mother Country are in general 
request throughout the Colonies. In Canada, for 
example, although British qualifications are 


recognised, tht su]>ply of teachers trained within 
the Dominion is generally ample for the vacancies 
that arise. In Alberta and iilanitoba, however, 
there is a brisk demand for competent teachers 
from this country. And there are several other 
Colonies in which a demand for educational 
volunteers from home occasionally arises. New 
Zealand and West Australia being instances in 
point. New South Wales and South Australia 
have openings for male assistants, but have an 
adequate supply of women teaeffiers. In the 
South African provinces the dearth of qualified 
teachers occasions a need for outside applicants. 

Prospective emigrants should remember that 
the lack of local tea(?liers often arises, at least in 
part, from the scanty remuneration offered by 
Colonial school authorities, and that the value 
of a salary is determined not by its amount but 
by its purchasing power. In the Transvaal, for 
instance, 'male assistants receive from £150 to 
£400 a year, and women £120 to £180 ; while for 
principals the range of salaries is £.‘170 to £020, and 
£260 to £480, respectively. But prices there 
are about double those in the United Kingdom. 
In Cape Town, where money goes farther, the 
average earnings of principals in elementary 
schools are only £220 a year, and of assistants, 
£74. Further details as to the prospects of 
Colonial teaching will be found in the invaluable 
“ Professional Handbook.” [See page 2970.] 

South African Appointments. Vacan- 
cies for soienco teachers and for instructors in 
special subjects, such as gymnastics or cookery, 
arc occasionally advertised in the English educa- 
tional papers. In such cases a second-class pas- 
sage to the Province is usually provided gratis, 
the selected applicant, in return, entering into an 
engagement for three or five years' service. The 
remuneration is fairly liberal : fully certificated 
women teachers of cookery, hygiene, or physical 
drill receive £130 to £180 a year, and the rates 
for male technical teachers are about double. 

In the absence of an agreement of this charac- 
ter, trained teachers in quest of employment in 
the Capo of Good Hope are recommended by the 
Emigrants’ Information Office to arrange, if 
possible, for a friend in the Province to apply on 
their behalf for any suitable vacancy that is 
advertised out there. They should also address 
a written application for an engagement to th(» 
Secretary, Education Office, Cape Town. And 
if a candidate sends a statement of his or her 
qualifications and experience to the Department 
of Public Education at Capo Town, it will bo 
inserted in the “ Education Gazette ” — an official 
organ circulating among school managers and 
principals. British qualifications, it should be 
added, arc recognised in the Province. Teachers 
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in the weatem diatricts are generally required to 
be able to npeak both Dutch and English. 

In the case of female teachers — and these form 
the majority of the educational staif at the Cape 
— application for employment may usefully be 
addressed to the Education Secretary, South 
African Colonisation Society, 23, Army and Navy 
Mansion:i, Victoria Street, London/S. W. Among 
women, the greatest demand is for efficient 
teachers of English and of instrumental music. 
Those who desire to complete their training in the 
Colony as elementary, secondary, or kinderga^n 
mistresses can obtain from the same Society 
particulars of the Training College for Women 
Teachers at Grahamstoi^m, which is open under 
certain conditions to candidates from home. 

Alike in the Cape, the Transvaal, and the 
Orange Free State, the supply of trained teachers 
is still inadequate to the demand, and tl e ’ are 
therefore good openings for qualified candidates. 
But women teachers, especially if uncertificated, 
should not go out to cither Province on the 
chance of securing an engagement unless they 
have friends with whom they can reside while 
seeking employment. They are recommended 
instead to seek the aid of the officials of the 
Emigrants* Information Office, on whose advice 
they may rely implicitly. 

Teaching Posts Elsewhere. Degrees 
and training certificates obtained in the United 
Kingdom are accepted in Western Australia, 
where there are many openings for teachers. But 
the chief cause of this demand is the low salaries 
offered, which fail to attract qualified officers. 
In view of the high cost of living, the maxi« 
mum of £240 for assistant masters, and £220 
for their feminine colleagues, is admittedly 
very inadequate. 

In New Zealand, although the average of 
salaries is no higher, the expenses of living are 
far less, and there is consequently a good local 
supply of candidates. But well -certificated 
British teachers are in request; and those who 
can await the occurrence of suitable vacancies 
may find excellent openings from time to time 
in the public schools of the islands. Recently, 
for instance, £200 a year, and half the cost of the 
passage out, was offered for a competent instruc- 
tor in wood- carving and metal -work from this 
country, the post being a part-time one only. 

Teaching certificates obtained in Great Britain 
are generally recognised in Canada when endorsed 
by the Minister of Education for the Province. 
In Ontario, however, the profession is practically 
closed to all except locally trained candidates. 
In several of the Provinces the practice prevails 
of classifying teaching certificates according to 
the holders* proficiency. As a toacher‘s salary 
depends on the class to which he is admitted, 
candidates are recommended to ascertain from 
the Education Department, before going out, the 
standing to which their British qualifications 
would entitle them. 

Public N^ursing. The official handbook 
for emigrants contains a paragraph on nursing 
in the Colonies which, ^though not restricted to 
municipal nursing, summarises so justly the 
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prospects afforded by that particular service 
that it merits quotation. 

** There are occasionally onerdngs in t^e 
Colonies for a few trained hospital nurses. 
There are Homes for providing trained nurses 
in some Colonial towns, but, as a rule, the over- 
seas Dominions do not offer any great attraction 
to nurses ; the openings are not Very numerous, 
and the pay is small as compared with that of 
other callings.*’ It must also be remembered 
that nurses are now trained to a great extent iiv 
the Dominions themselves, and that nurses 
without proper certificates will generally find it 
difficult to get situations. 

In nearly all British dependencies of every 
Sort, nurses whd have been trained in the hospitals 
of the Motherland are readily admitted to 
practise, and have at least equal chances with 
locally trained rivals in competing for appoint- 
ments in the asylums and hospitals of the 
colony. Such positions, however, are not often 
advertised in this country, and are generally 
secured by candidates who are on the spot. 

The nursing services of the Australian conti- 
nent are largely controlled by the Australasian 
Trained Nurses* Association — a body which, 
although it has no legal status, is recognised 
by the Governments of the several Colonies. 
It is established in New South Wales, Queens- 
land, South Australia, Western Australia, and 
Tasmania, and has agreements with a similar 
body in Victoria and with the New Zealand 
HoS[»itals Department. Nurses holding certifi- 
cates from recognised training schools with a 
three years’ course in Great Britain are eligible 
to be registered with this Association, and 
throughout the continent preference is generally 
given to candidates so registered when making 
appointments to hospitals. The salaries paid 
vary according to local demand and other 
conditions that prevail. 

Trained nurses employed in the public service 
in the New South Wales hospitals receive from 
£70 to £110 a year, with board and lodging. 
In Western Australia the rates of pay are 
£36 to £100 for nurses, and £96 to £156 for 
matrons, with food and quarters ; the 
highest figures, however, are given only on the 
goldfields, where ail the necessaries of life are dear. 

In the municipal and Government hospitals of 
South Africa the remuneration is also generally 
high. Trained nurses receive from £60 to £100 
a year, and matrons £100 to £200, in some 
instances with free quarters and washing. 
There is no opening for women who are not 
fully trained. British hospital nurses in quest 
of appointments under the Rhodesian Ad- 
ministration should apply for terms to the 
I^ondon office, 2, London Wall Buildings, E.C. 
Applications for an engagement should be 
addressed to the Medical Director at Salisbury, 
Rhodesia, enclosing duly certified copies of 
certificates and testimonials. 

Asylum Staffs. Nurses in lunatic asylums 
in Australia are paid from £35 to a 
year, with free quarters and rations, and 
matrons generally l^tween £120 and £180, with 



similar emoluments. The rates for asylum 
warders in the Commonwealth vary considerably 
in the several. States, the highest pay being in 
W&tern Australia (£90 to £160, with quarters 
and rations), and the lowest in Tasmania (£65 
to £116, with a like allowance). Candidates for 
posts as nurses or warders in Victoria must bo 
between and 41 years of age. 

In South Africa the remuneration of asylum 
officers, in addition to full or partial allowances, 
^nges within the following limits : Nurses, £48 
to £90 ; matrons, £90 to £1 60 ; and warders, 
£84 to £120. Salaries are generally lower in tho 
asylums of Cape Colony than in those of the 
other South African territories. 

The Colonial Nursing Association*. 
Although in strictness a private and voluntaryi 
movement, this Association has now been 
accorded a semi-official footing by the action of 
the Colonial Office in employing it as the chief 
source from which nurses are drawn for Govern- • 
ment Service in the Crown Colonies. Apart 
from its most useful efforts in tho direction of 
private nursing, the Association is thus in tho 
position of an agency for State employment, 
and as such should bo mentioned in our columns. 
The trained nurses furnished by this organisation 
to the Colonial Government are employed chiefly 
in British West and Central Africa, Ceylon, 
Hong Kong, the Malay States, the Straits 
Settlements, and the West Indies, The term 
of service is usually three years. The Association 
guarantees a fixed salary and allowances, with 
a free passage home on the satisfactory com- 
pletion of that term ; and should illness or some 
other unavoidable cause prevent a nurse from 
carrying out her contract, she is sure of receiv- 
ing every consideration from the Committee. 
Nurses seeking an engagement of this nature 
should apply to the Hon. Sec. of the Association, 
Hon. Victoria A. Hicks Beach, at the Imperial 
Institute, London, S.W. 

Engineering and Surveying Poets* 
The prospects of British engineering experts 
outside their own land are considered in tho 
course on Civil Engineering, and it is necessary 
to add but a few words on the municipal side 
of their profession — which is generally less 
remunerative, by the way, than private practice. 

Colonial engagements as municipal engineer 
or surveyor are not often available to candidates 
in this country. The exceptions occur when, a 
very responsible position having to bo filled — 
such as the chief surveyorship of a growing city 
— there is a dearth of local candidates of tho 
requisite experience. Vacancies of this class 
are announced in the English engineering 
journals as they arise. Minor appointments 
are usually made from among applicants in 
the colony. 

British qualifications, however, are widely 
recognised, the M.In8t.C.E., in particular, being 
as valuable in the Colonies as in this country. 
In Victoria, corporate members of that Institute 
are eligible under certain conditions for appoint- 
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ment as migiicipal surveyors, and as such 
may undertake tiio construction of roads and 
bridges for the local authorities. On the other 
hand, the Lands Survey branch of the State 
service is recruited mainly by surveyors trained 
in the department itself. 

Apart from ]>rofcs8ional posts in technical 
colleges, the Colonial municipalities afford but 
few openings for chemists. The most important 
corresponds with tho position of public analyst in 
an Englisli borough. In the Canadian Dominion 
such officers are required to i)ass an examination 
in chemistry and microscopy. Jn many other 
parts of tho Empire, however, the detection of 
adulterated food supplies has not become a 
pressing matter, and thus tho field ^r local 
Government-analysts is still very restricted. 

Other Offices. Other vacancies for munici- 
pal officers of various grades in the Colonies 
arc announced from time to time in the English 
Press — generally on terms sufficiently high to 
attract fully competent candidates. Thus, 
for the positions of treasurer and assistant 
treasurer to a leading South African corporation, 
tho respective salaries of £1600 and £600 have 
been offered. Recently an English medical man, 
thirty-five years of age, holding tho Diploma of 
Public Health, was appointed Assistant Medical 
Officer of Johannesburg at £800 a year. For 
the post of foreman at the Lagos Waterworks 
a salary of £300, rising to £350, with free passage 
and free quarters, is on offer as these words are 
penned. Some few years ago the captain of an 
English fire-brigade, receiving only £130 a year, 
obtained tho control of a similar force in South 
Africa at a salary of £600. with free quarters. 
This post had been advertised in the “ Municipal 
Journal," and was secured by no other 
means than high testimonials and an excellent 
record for smartness. 

But there is no royal road to such advancement. 
Suitable vacancies are rare and eagerly contested ; 
and then) may ])e long waiting and many 
disappointments to cndiiro ere the aspirant 
ultimately attains success. 

A Last Word* In concluding with the 
present article our survey of the Imperial 
section, we complete also that greater subject of 
the Civil Service of which this forms part. As wo 
have sought to show, the Civil Service of tho 
Empire is of unmatched variety and extent, 
affording scope in one or other of its three 
divisions — Municipal, National, and Imperial — 
for the most diverse talents and ambitions ; and 
the liberal, though not extravagant, rewards of 
each section are available, without let or hind- 
rance, to men of tho requisite abilities. Wo may 
perhaps be forgiven for emphasising anew, in 

> conclusion, the qualities that make for succc'ss. 
They are, firstly, a sound training ; and, lastly, 
strenuous and thorough work. In tho Civil 
Service, as elsewhere, there are some incompe- 
tents and many mediocrities, but the men 
who win the prizes are they whose keynote is 
Efficiency. ERNEST A. CARR 
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Differences'' Between Qualities that are Genetically 
Inherited and Qualities that are Nurturally Acquired ^ 

SOME ASPECTS OF HEREDITY 

W E have reached the important conclusion Constructive Experiment Needed. 

that what may be calldd the normal The theory of organic evolution meanwhile awaits 
genetic process, often Mendelian in tyjx?, is cap- experiments whereby the action of special agents 
able of modification by various conditions that upon or in the parent, whether chemical or 
may act upon the germ-Cells. Physical factors, physical, shall be shown to cause the production 
such as visible light or invisible radiations, may of positive, progressive, now characteristics in 
act upon the germ-plasm within the parental the offspring. It is impoasible to believe that 
organism, and directly modify the process of such may not bo the case, but hitherto we know 
gametogencsis. Chemical factors, circulating in only how to destroy. At this hour science has 
the parental blood, may similarly modify no word of any vital construction, any “ crea- 
gamotogenesis — ^wholly apart from any influence tive evolution,” by mechanical or "phyaico- 
upon the parent, or any so-called “ transmission chemical means. So much the stronger, evi- 
of acquired characters.” dently, is the case for modern vitalij^m. 

Thus recent American observers have noted We pass now to the recognition of another 
the occurrence of a higher proportion of epileptics process of the highest practical importance, the 
and other defectives than the law of Mendel results of which simulate heredity, and are con- 
would allow, in cases where the genetic ])roccss stantly described as such. No such confusion 
has been complicated by parental alcoholism. can well occur in the study of the lower forms of 
And, in an inquiry made bjr the American botanist life, though even there instances may he found. 
Maodougal, the direct action of certain chemicals. Simulated Heredity. Perhaps the most 
introduced in the ovaries of plants, caused the striking and famous is the disease of silkworms 

E roduction of offspring with an altered typo of which is known as pebrinCy and which was elucj- 
javes, some of these alterations following dated by Pasteur in 18fi5, to the salvation of 
Mendel’s law in subsequent generations. It is the silk industry of France. lie found that this 
the neglect of these facts by the observer who disease is clue to an infection of the worms by a 
has confined himself to pure genetics that has parasite, which is unfortunately capable of trans- 
led Profe.ssor Bateson to take up the untenable f erring itself from the female worm to her eggs, 
position that no external agency can affect the from which diseased — that is, infected — w^orrns 
germ-plasm or the course of Mendelian factors. accordingly develop. This looks like hereditary 
Unconstructive Experiment. But it disease, but it is nothing of the sort. It is not 
must be recognised that the influences which have what the theorists asserted, until Pasteur arrived 
been experimentally demonstrated to act upon — “ degeneration of tlic race of silkworms ” — 
the genetic process from without are in no case but is a process of infection from parent to off- 
constructive. On the contrary, all the influences spring at an early stage in the offspring’s history, 
which we have been able to detect are either If such confusion be possible in such a case, 
indifferent, destructive, or degenerative. We can how much more so may it occur among the 

demonstrate that lead, alcohol, and other Mammalia, such as ourselves, ^vhere the offspring 
agencies, which the present writer h«s called by spends many susceptible months of its life within 
thenowcoinmonnameof racial affect the the maternal body ? There it is evidently sub- 

genetic process. The brain of the offspring may ject to a host of influences, normal and possibly 
thus bo damaged. But wo have no word of any morbid, which are by no means heredity, but 
agency which, acting upon a simian parent, let are, in fact, influences of nurture or malnutrition, 
us say, will cause its offspring to develop a But the offspring, at birth, alrpady displays the 
human brain. Hence the problem of organic consequencesof such influences; and if we assume, 
evolution remains untouched by these observa- as most people do, that whatever appears at 
tions, except that they throw some light on birth is hereditary, we shall certamly fall into 
degeneration. The mighty ultimate question is the gravest errors. 

unanswered — How has life ascended ? A Warning About Terms. In order to 

The process of racial poisoning may be do- avoid them, it is well to look to our vocabiilarjr, 
scribed in a technical term first used* by Pro- which should be purged altogether of a certain 
feasor Forel, the great Swiss authority. He calls word in common and uncritical employment, 
it blastophthoria, and by this term we mean especially in medical wiitings. This is the 
the action of injurious agents upon gcrm-cell • thoroughly misleading, indeterminate, and use- 
formation. It must not be applied to any of less word ” congenital,” to which no examined 
the processes which we are about to desenhe. meaning ever attaches. The word is cqmmonly 
And the tragedy of this subject, both for practice used as the equivalent of innate, inherent, in- 
and for theoiy, is that, while we can demonstrate bom, or germinal. Nothing is truly germinal 
blastophthoria, we have no word of the opposite but what was present in the germ. But we 
process. But that is only another way of saying persist in attaching quite undeseiwed importonce 
that death is easier to explain than life. to the birth of those animals which are brou ght 

EMBRACING BIOLOGY, PSYCHOLOGY. SOCIOLOGY, EUGENICS, THOUGHT 



forth “ alive ” — as if a bird’s egg were not alive. 
Hence we speak of any character present at birth 
as iCongenital,* and then we assume that con- 
genital means genetic. 

In ordinary discussion, in medical literature, 
and even in what should be the most expc^rt and 
exact eugenic writings, this distinction is wholly 
ignored. But it is vital, for the genetic is trans- 
missible, and the mere somatic acquirement, 
apart from the racial poisons, is not. Consider 
how eugenics may be thus misled. 

Differences Between Acquired and 
Inherited Features. The word ‘‘congenital” 
is equally foolish and useless in an opposite direc- 
tion. It leads those who use it to su])pose that 
the genetic characters of an individual are those 
which appear at birth, and that thus any cha- 
racters later displayed are acquired. But a man 
may display for the first time at tlu^ ago of twenty 
or sixty a character which is as truly genetic as 
his nose or his spine — perhaps a beard, perhaps 
a trait of mind, perhaps a disease. This was not 
congenital, and yet it is genetic. Thus, to sum 
up, a character may be ” congenital,” and yet 
not inherent but acquired ; a character may 
be not congenital, and yet inherent. Now, the 
all-important question as regards heredity is not 
the date in the individual history at which a 
character appears as, for instance, before or 
after birth — but whether the character is genetic, 
and therefore will be represented in future germ- 
cells, or merely somatic;, and of no racial signi- 
ficance. The case, therefore, is clear that the 
word “ congenital ” should be expunged from the 
vocabulary of science. 

Ante«Natal Influences. The responsible 
biologist knows that nurture begins its influenco 
at conception, and that ante-natal nurture must 
be reckoned with. The so-called results of 
heredity can never be passed as such until its 
reckoning has been made. For many years past. 
Dr. J. W. Ballantyne, of Edinburgh, author of 
the classical volumes on “ Ante-Natal Patho- 
logy,” has been calling the attention of the 
medical profession to the importance of the ante- 
natal period, in its influence upon the characters 
of the offspring, among ourselves, as necessarily 
among all the Mammalia. But even he could not 
have anticipated the most recent results of 
observation. Until the last three years and less, 
the evidence has seemed perfectly clear that 
countless cases of deaf -mutism, mental deficiency, 
and epilepsy were really genetic or hereditary, 
as they seemed to be because they were clearly 
“ congenital.” The application of the Wasser- 
mann test for the presence within the body of the 
parasite of syphilis, first by Dr. Kerr Love, of 
Glasgow, in the study of deaf-mutism, and later 
by many others in the study of other morbid 
conditions of the nervous system, has proved 
that, in an almost incredible number of cases, what 
we have called heredity is none other than ante- 
natal infection by syphilis. 

Infection not Heredity. The whole 
practice of eugenics, as we shall later see, must 
either adapt itself to these discoveries or be 
repudiated by all responsible people. The 
remedy for “ hereditary degeneracy ” may be the 
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segregation of the degenerate, or even the 
performance of an operation upon him ; but if 
and when ” hereditary degeneracy ” among our- 
selves turns out to be exactly what Pasteur 
proved the so-called “hereditary degeneracy” 
of silkw’orins to be, the result of infection of the 
offspring from the parent, the remedy is to 
prevent that infection — a very different thing. 

Those who have no sense of languages may, if 
they please, continue to talk of “ hereditary 
syphilis ” and “ congenital syphilis,” and drag 
in heredity in that way ; but, as Dr. Ballantyne 
has said, it is “ an insult to heredity ” to use tho 
term in such a connection at all. Hereditary 
disease, such as hannophilia and colouiv blindness, 
does exist, aa wo shall later sec, but it is an 
utterly different thing, being as genetic in 
origin as any character of the individual. 

Pseudo-Heredity. It must already be evi- 
dent to the reader that exact biological ideas, 
and exact use of language to represent them* 
arc essential, now that national and social 
practice is being based, as it should, upon 
biological truths. But we must state the laws 
of life with all legal precision if they are to guide 
us. There is still an even more striking instance 
of what we have here called pseudo-heredity than 
any as yet cited. 

We speak of persons being “ born blind,” 
and describe their condition as “ congenital.” 
Such persons constitute from one-third to one- 
half of tho population of our institutions for tho 
blind, but they w'cro not born blind at all. They 
were born seeing, but at tho moment when their 
eyes, during birth, were first opened to the light 
they were infected by a parasite called tho 
gonococcus, which was already victimising tho 
maternal organism. This is no more hereditary, 
nor “ congenital,” nor being “ born blind ” 
than if the nurse or doctor were infected, as may 
happen, from the same source ; and such cast's 
will never be prevented, as they can be, until 
we think honestly and accurately about them. 

There is yet another grave consequence of 
inaccurate thinking about pseudo-heredity. 
The recent campaign for the protection of infancy 
has greatly lowered the infantile mortality that 
occurs during the second half of the first year of 
life. The mortality in the first half, and es- 
pecially the first quarter, remains little affected. 
Hence it has been argued that these infants 
are “unfit,” on account of inferior heredity, 
and, in fact, are “ better dead,” and that to 
attempt to interfere with their mortality is to 
arrest the beneficent action of “ natural selection,” 
and to effect racial degeneracy. Recent .at- 
tempts have actually been made, on statistical 
grounds, to show that this is so, and that, in 
Professor Karl Pearson’s words, “ Darwinism 
does apply, and very intenst'Iy applies, 
even to man under civilised conditions.” 
This author concludes that “ a heavy death- 
rate does mean the elimination of the weak- 
lings,” and that, “for a constant environment, 
the higher the infantile death-rate, the more 
resistant will be the surviving child population.” 
Dr. Newsholme has shown that even the 
existing figures are in direct contradiction of 
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these assertions, but, no matter^Hat the existing 
figures were, they could never prove what is 
asserted. The truth is that such terms "as 
“ Darwinism,” and “ natural selection,” have no 
place in this connection until the /actor of mvrture 
is allowed for, and that is the all-important 
factor which those neglect who report upon these 
matters without biological knowledge. The 
elementary fact that the infant has been alive 
for nine months before its birth is forgotten ; and 
its conditions at birth and the consequences 
thereof are tacitly and inexcusably assumed to 
depend upon heredity alone, though it may 
have been dosed with lead or alcohol, or 
infected with parasites in any degree. 

The Far*flung Influence of Nurture. 
Yet further, let us learn from the most recent of 
experimental inquiries how Life bears the record 
of the past from generation to generation. Even 
the nurture of the infant affects its remote 
offspring. The infants of today are the parents 
of the future. Neo-Darwinism, as we have seen, 
would have u8 believe that nothing which we do 
to individuals can affect the germ -cells within 
them. But, in fact, the malnutrition of the 
unborn child and the infant involves the malnu- 
trition of the germ-plasm which they contain, 
and from which the future will spring. 

In the case of many animals and plants we 
now know how great the consequences of nurture 
at this time are for the race as well as the in- 
dividual. The recent work of Professor Stock- 
ard, of Cornell University, New York, has shown 
the potent effect of parental alcoholism upon 
the nervous system of the offspring in guinea- 
j)igs ; but, in a private letter to the present 
Tvriter, he states that further experiments, which 
he hopes to publish before the end of the present 
year, show the influence upon the third genera- 
tion to be often much more marked than upon 
the second. This result seems at first to be an- 
omalous and absurd, but it clearly means what 
is indeed probable — that the influence of the 
poison, entering the unborn body of the foetal 
guinea-pigs from the blood of the mother, is less 
marked upon the developing body-tissues than 
upon the developing germ-plasm, and hence upon 
the grandchildren of the alcoholic guinea-pig. 
On such grounds as these it must bo evident that 
the nurture of infancy, including its ante-natal 
nurture, is also the nurture of the race, and there- 
fore an essential part of true eugenics. 

Normal Heredity. We are now in a 
position to classify and distinguish the various 
modes of action which may complicate or simu- 
late the genetic process, and may also briefly 
note the main facts, still very sparse, which 
have been hitherto defined. We b^in with a 
clear idea of the normal hereditary or genetic 
process. That process may not be always 
Mendelian ; indeed, there arises no question of 
Mendelism at all in those cases where re- 
production is asexual, or those in which the ova 
may develop without fertilisation by sperma- 
tozoa—as in the parthenogenetic production 
of drones from the unfertilised eggs of the b^. 

Nevertheless, it is Mendelian inquiry that has 
taught us how to conceive of the genetic process, 
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whether sexual or asexual, as essentially 
dependent upon the presence of certain definite 
factors in the germ-cells. Ndrmally, under 
standard conditions of nurture, we suppose these 
factors to go their constant way, and have their 
constant consequences, from generation to 
generation. That is normal heredity.* 

Experiments on Indifference. Next 

we look for influences that may modify gerni- 
cells and the factors they contain, after t|jo 
fashion in which ultra-violet light modifies 
anthrax bacilli. Wlien we speak of the modifica- 
tion of germ-cells we really mean the modifica- 
tion of gametogenesis, the process by which 
germ-cells arc made. In expectation, we should 
find influences which modify gametogenesis in 
any of three ways. Some will change the type 
of gametes, and hence of the next geneiation, 
indifferently, as in Macdougal’s observations, 
where the offspring were neither higher nor 
lower in type than the parents, in consequence 
of the chemicals ho introduced, but were simply 
altered, as in the form of their leaves. Similarly, 
the cocci descended from anthrax bacilli exposed 
to ultra-violet light were simply altered, neither 
higher nor lower in type. 

Failure In Betterment. Second, we 
should expect to find influences which alter tlu‘ 
ganiogenetic process for the better, so that th(^ 
germ-cells are higher in type than they were*, 
progressive or creative evolution being the 
result. Such influences, applied to human 
beings of low type and poor ancestry, would 
raise the quality of their subsequent children, 
effecting what the writer calls constructive 
eugenics. Similarly, the offspring of plants or 
animals u ould be raised in type- by such in- 
fluences acting on the parents. As wo have 
seen, no record exists of any such action. 

Experimental science is an absolute blank i ti 
this respect. True, it is the general popular 
belief that education of the future parent, in 
music, or language, or good manners, or anything 
else, will favourably and correspondingly aff 'ct 
the offspring, but there exists as yet no vestige 
of scientific evidence in favour of this view, t nd 
there is an infinite mass of evidence to the 
contrary. There is no more universal belief, 
and none can be more reasonable, apparent I}", 
than that the racial type can be raised directly 
by favourably influencing future parents, and 
the mode of doing so may yet be discovered. 
But we know nothing yet of any influence that 
raises the type of the germ-cells that any 
organism, of any species, animal or vegetable, 
may bear. It is worth while to insist upon this 
fact, as we are doing, foikits incalculable signi- 
ficance and consequences. 

Signs of Damage. But it is easy to 
destroy, or to damage, and we have abundant 
evidence of racial poisons that injure gameto- 
genesis, so that damaged germ-cells, and hence 
damaged individuals, result. Here we have 
influences striking sideways from without at the 
normal course of the genetic process, and it 
seems useful that we should sum up all such 
facts under the heading of Morbid Heredity, 



which is here proposed for them. We are 
certainly discussing “ heredity ** here, for what- 
ever alters germ-cells is of the very essence of 
that subject; but all such influences that we 
know, with a few indifferent exceptions, are 
injurious, and they are evidently accidents, 
vicious, abnormal influences which shoulcf not 
exist, and the results of which are pathological. 
Morbid Heredity seems, therefore, to be the term 
which best describes this addendum to the study 
if[ the normal genetic process. 

Facts of Morbid Heredity. Its main 
facts appear to bo as follow. The vast 
majority of morbid or abnormal influences, 
acting upon and manifesting themselves in the 
individual organism, do not produce morbid 
heredity. We already know why — they do not 
touch the gerni plasm. Against the various 
poisons which are inevitably produced with- 
in the body, in the course of digestion, as a result 
of muscular exertion, and so forth, the germ- 
plasm seems to be protected. Such poisons arti 
mostly colloids, aiwl do not reach it. In order 
to effect blastophthoria, a poison must ap- 
parently be a crystalloid, and especially one 
which is not a natural inhabitant of the body. 

Such a description an8wei*s to the most 
important and most exactly studied of the 
chemical racial poisons in the casii of ourselves 
and several other mammals. Those poisons 
are alcohol and lead. Either of these may act 
upon either parent, but it is evident that 
blastophthoria cannot bo asserted except in 
cases where the male paremt is poisoned. If the 
mother be affected, the influence upon the off- 
spring may be due to ante-natal malnutrition, 
as we shall se(‘. Even if the mother were 
poisoned before conception occurred, her lowered 
health would react upon the ante-natal nurture 
of the offspring, and wc could not prove the 
occurrence of blastophthoria in such a case. 
The father alone offers a crucial instance. If he 
alone be poisoned, and the offspring are de- 
generate, we know that blastophthoria occurred. 

ChecKs on Experiment. Such observa- 
tions of experiments need careful checking. 
The stock must be healthy, and we must have 
record of three generations in all — or we may be 
deceived by choosing an impure dominant, who 
carries recessive defect in half his germ-cells. 
But in man and in various species of the lower 
animals wc now have proof of blastophthoria, 
in the case both of lead and of alcohol. 

Sir Thomas Oliver, of Newcastle, has made 
the experiments dealing with lead, and Professor 
Stockard, already mentioned, the most recent of 
those dealing with alcohol. In the case of 
alcohol, we also have microscopic evidence, 
thanks to the seven years’ work of the Swiss 
pupil of Professor Forel, Dr. Bertholet, who has 
demonstrated the degeneration of the essential 
cells, both of the male and the female repro- 
ductive glands, in mankind, under the influence 
of chronic alcoholism. It will be an extremely 
important task, highly profitable for mankind, 
for the future to ascertain what other racial 
poisons there may be. 
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Luxury xnd Degeneration. Recently, in 
Paris, Professor Houssay, of the Sorbonne, has 
shown that the feeding of fowls on an exclusive 
meat diet causes racial degeneracy, in Edin- 
burgh, Dr. Chalmers Watson has shown that 
feeding rats on m(*at in large quantities causes 
degeneration of the ovaries, microscopically 
demonstrable, »and not at all dissimilar to that 
demonstrated by Bertholet in a parallel case. 
If modes of diet are capable of producing such 
consequences, the sooner they are known the 
better. Sheer luxury, wc see, may lead to 
direct effects upon the germ -plasm, and may 
warrant all or much that the moralists and 
historians have alleged against it as the cause 
of national decadence. 

Pseudo-Heredity Through Lead and 
Alcohol. So much for morbid heredity, as we 
have called it. Finally, we note, and must 
never forget, the existence of pseudo-heredity, 
which is, in fact, none other than the result of 
ante-natal malnutrition, intoxication, or in- 
fection — which involves malnutrition and in- 
toxication. We have previously noted that the 
nutritive relation of the germ-plasm to the 
individual body is not dissimilar to that of the 
embryo or feetus to its mother. Hence we not(j 
that, just as lead and alcohol may cause blast- 
ophthoria, so they may cause ante-natal mal- 
nutrition, the results of which may be very 
similar. This, however, is not heredity, any 
more than if the child were poisoned after 
birth. Both in the case of lead and that of 
alcohol, the poison has bc(*n demonstrated 
within the child at birth. But hosts of other 
poisons, colloidal in chemical type, may circulate 
ill the mother’s blood, and never cross over to 
the foetal circulation, thanks to the action of what 
Dr. Ballantyne calls the “placental filter’’ — 
the placenta, or “ after- birth,” being the charac- 
teristic mammalian organ in which the cir- 
culatory systems of mother and child come into 
close apposition, for interchange of certain 
contents of the blood, though there is no direct 
continuity between them. It is obvious that 
the results of malnutrition, due to the passage 
of lead, for instance, from one system to the 
other, arc not heredity. 

The Abolition of Bad Heredity. 

Vastly more serious, in cases in which it occurs, 
is the passage of parasites from one organism 
to the other, as in pebrine. The parasite of 
rheumatic fever should also be noted, as it is 
responsible for most cases of what is called 
“ congenital heart disease.” It will be obvious 
to the reader that the clear appreciation of 
pseudo-heredity and its importance lends the 
utmost weight to the eugenic demand for the 
right care of expectant motherhood. No better 
instance could be cited for the proposition that 
sound biology leads to sound social and politicai 
practice. It will be well if, instead of con- 
tinuing, in the face of these facts, to talk of the 
multiplication of degenerates, we begin to end 
those infective and toxic processes of which so- 
called bad heredity is most often the con- 
sequence. C. W* SALEEBY 
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Extraordinary General Meetings. Increasing and Reducing Capital.^ 
Winding Up a Public Company.' Powers of Liquidators and Directors. 
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I N addition to the matters already dealt with, 
there is a great deal of other information 
which the secretary of a limited liability company 
should have at his fingers’ ends if he is to do his 
work efficiently and be independent of solicitors, 
so far as the routine business of the company is 
concerned. Many things, for instance, have to 
be filed at Somerset House, and if this is not done 
there is a liability to heavy fines. There is no 
difficulty, for it is quite easy for a secretary to 
get one of the many manuals that are now i>ub- 
lished, setting forth in detail the rules and regula- 
tions with which he has to conform ; and the 
officials at Somerset House are always ready to 
give any information that may bo required as to 
the routine of filing and stamping. 

Ordinary and Extraordinary Meet* 
ings. Any business outside ordinary business 
carried by ordinary resolution at an ordinary or 
annual general meeting is regarded as special or 
extraordinary business and needs a special or 
extraordinary resolution. Ordinary business is 
defined by Table A of the Companies Act, 1908, as 
“ sanctioning a dividend, the consideration of 
the accounts, balance-sheets, and the ordinary 
report of the dircctoirs and auditors, the election 
of directors and other officers in the place of 
those retiring by rotation, and the fixing of the 
remuneration of the auditors.” Ordinary busi- 
ness may, however, be transacted at an extra- 
ordinary meeting; and as the Companies Act 
provides for but one ordinary general mooting 
a year, and many companies balance their books 
twice a year, it is quite customary for the direc- 
tors to call an extraordinary meeting partly for 
the transaction of ordinary business such as 
that described above. 

Extraordinary and Special Resolu- 
tions. For certain matters, such as the increase 
of the share capital, the voluntary winding up of 
the company, the delegation of powers to credi- 
tors, arrangement with creditors, sanctioning a 
scheme of liquidation, disposing of books in disso- 
lution, the altering of the value of certain classes 
of shares, an extraordinary resolution is required ; 
while for other matters, such as changing the 
name of the company, extending the objects 
clause of the memorandum of association, sub- 
dividing the shares of the company, reducing 
the capita], rendering unlimited the liability of 
directors, giving power to return accumulated 
profits in reduction of paid-up share capital, 
appointing inspectors to inquire into the affairs 
of the company, converting a private into a 
public company, adding to or altering the articles 
of association, and so on, a special resolution is 
required. According to the Companies Act 
(1908) a resolution is an extraordinary resolution 
when it has been passed by a majority of not less 


than three-fourths of such members entitled to 
vote as are present in person or by proxy (where 
proxies are allowed) at a general meeting, of 
which notice, specifying the intention to proposa 
the resolution as an extraordinary resolution, has 
been duly given ; and a resolution is a special 
resolution when it has been passed in the manner 
required for the passing of an extraordinary 
resolution, and confirmed by a majority of such 
members entitled toVote as are present in person 
or by proxy at a subsequent general meeting, of 
which notice has been duly given, and held, after 
an interval of not less than fourteen days or 
more than one month, from the date of the 
earlier mooting. 

Convening an Extraordinary General 
Meeting. The extraordinary general meeting 
for such purposes as have been mentioned above 
is convened by the directors, but the Act allows 
an extraordinary meeting to be convened by 
shareholders. The clause in the Act which gives 
this right to shareholders declares that, notwith- 
standing anything in the articles of a company, 
the directors shall, on the requisition of the 
holders of not less than one- tenth of the issued 
share capital of the company upon which all calls 
or other sums then due have been paid, forth- 
with proceed to convene an extraordinary general 
meeting. The requisition must state the objects 
of the meeting, and must be signed by the 
requisitionists and deposited at the registered 
office of the company, and may consist of several 
documents in like form, each signed by one or 
more requisitionists. If the directors do not 
proceed to cause a meeting to bo held within 
twenty-one days from the date of the requisition 
being so deposited, the requisitionists, or a 
majority of Ihem in value, may themselves con- 
vene the meeting, but any meeting so convened 
shall not bo helfi. after three months from the 
date of the deposit. If at any such meeting a 
resolution requiring confirmation at another 
meeting is passed, the directors shall forthwith 
convene a further extraordinary general meeting 
for the purpose of considering the resolution, and, 
if thought fit, of confirming it as a special resolu- 
tion. If the directors do not convene the meeting 
within seven days from the date of the passing 
of the first resolution, the requisitionists, or a 
majority of them in value, majr themselves 
convene the meeting. Any* meeting convened 
under this section of the Act by the requisition- 
ists has to be convened in the same way> as 
nearly as ^ssible, as that in which meetings arc 
convened by directors. 

The directors may call an extraordinary 
general meeting at any time thev think fit, but 
at such meetings only the special business for 
which they have been convened can be dealt 
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with, and any special resolution which has been 
passed at one ^eeting and needs confirmation at 
a second must be confirmed in exactly the same 
terms as those in which it was originally passed, 
otherwise it must be rejected, as no alteration or 
modification is allowed. The same rules as to a 
quorum, which apply to the ordinary general 
meeting apply also to an extraordinary meeting, 
and any member present may move, without 
qotice, that the meeting be adjourned. Such a 
resolution takes precedence of other matters in 
hand ; and if it is seconded and carried when put 
to the meeting, then another resolution is needed 
hxing the time and place for the adjourned 
meeting. No new business may bo iatroduced 
or transacted without notice at an adjourned 
meeting, which must confine itself entirely to 
the matters loft unfinished at the first meeting ; 
but if notice of fresh business has been sent in 
duo form to the shareholders, then, of course, it 
can bo legally transacted at the adjourned 
mooting when that is held. 

Notice of an Extraordinary General 
Meeting. The rule that at least seven days' 
notice, exclusive of the day on which the notice 
is served, but inclusive of the day for which the 
notice is given, must be sent to all members of 
the company for an ordinary general meeting 
applies equally to an extraordinary meeting. If 
a member has no registered address in the United 
Kingdom, and has not supplied such an address 
for the giving of notices to him, a notice ad- 
dressed to him and advertised in a newspaper 
circulating in the neighbourhood of the registered 
office of the company is deemed to be duly given 
to him on the day on which the advertisement 
apjTears. A notice may bo given by the com- 
pany to the joint holders of a share by giving 
notice to the joint holder named first in the 
register in respect of the share. A notice may be 
given to the persons entitled to a share in con- 
sequence of the death or bankruptcy of a member 
by sending it through the post in a prepaid letter 
addressed to them by name, or by the title of 
representatives of the deceased, or trustee of 
the bankrupt, or by any like description, at the 
address in the United Kingdom supplied for the 
purxmse by the persons claiming to bo so entitled, 
or, until such an address has- been so supplied, 
by giving the notice in any manner in which the 
same might have been given if the death or 
bankruptcy had not occurred. These matters 
have b^n given at some detail because the 
Companies Act is very emphatic in insisting that 
notice of every general meeting, whether ordinary 
or extraordinary, must be given in some manner 
authorised in Table A, ** to every member of 
the company (including bearers of share warrants) 
except those members who, having no registered 
address within the United Kingdom, have not 
supplied to the company an address within the 
United Kingdom for the giving of notices to 
them ; and also to every person entitled to a 
share in consequence of the death or bankruptcy 
of a member, who, but for his death or bank- 
ruptcy would be entitled to receive noti^ of the 
"Xpeetihg.”, No other persons are entitled to 
teo^ve notices of general meetings. 

Q D tO 


QROUP 12~-BUSINgm 

The Worflinjg of the Notices. While 
there is no actual hard-and-fast phraseology 
legally appointed for the notice convening an 
extraordinary general meeting, there is a more# 
or less stereotyped form that is pretty closely 
followed, which meets the legal requirements. 
At the head of the sheet is printed the full 
registered naro^ of the company, with the notice 
following and the resolution to bo submitted. 
The notice would read like this ; “ The Mid- 
China Development Company, Limited, 801, 
Oheapside, London, E.C. Notice is hereby given 
that an extraordinary general meeting of the 
above-named company will bo held at the 
registered offices of the company, 801, Oheapside, 
London, E.G., on Thursday, the Gth day of 
August, 1914, at three o’clock in the afternoon, 
for the purpose of considering the following 
resolution : 

“ ‘ That the name of the company be changed 
to the Mid-China and General Trading (bmpany, 
Limited.* 

“ If the above resolution is passed by the 
necessary majority, it will bs submitted for con- 
firmation as a special resolution at a second 
extraordinary general meeting to be subsequently 
convened. — Dated the 28th day of July, 1914. 
By order of the Board, John Smith, Secretar3^” 

The notice for the subsequent meeting tO 
confirm the resolution would have the name 
and address of the company at the head as 
before, and the wording of the notice would bo 
as follows : 

'•* Notice is hereby given that an extraordinary 
general meeting of the above-named company 
will be held at the registered offices of the com- 
pany, 801, Oheapside, London, E.O., on Monday, 
the 24th day of August, 1914, for the purpose 
of confirming the following resolution, which was 
passed at the extraordinary general meeting held 
on Thursday, the 6th of August, 1914 : 

“ ‘ That the name of the company bo changed 
to the Mid-China and General Trading Company, 
Limited.* 

“ Dated this 16th day of August, 1914. By 
order of the Board, John Smith, Secretary.” 

Registering Special Resolutions. 
Within fifteen Hays from the passing of an 
extraordinary resolution or the confirmation of 
a special resolution a printed copy must be for- 
warded to the Registrar of Companies, so that 
he may record the same in the files ; and where 
articles have been registered, a copy of ovcr> 
special resolution for the time being in force 
must be embodied in or annexed to every coi)y 
of the articles issued after the confirmation of 
the resolution. Where articles have not been 
registered, a copy of every special resolution must 
be forwarded in print to any member at his 
request on payment of one shilling, or such less 
sum as the company may direct. If a company 
makes default in printing or forwarding a copy 
of a special or extraordinary resolution to the 
registrar it is liable to a fine not exceeding two 
pounds for every day during which the default 
continues ; and if a company makes default in 
embodying in or annexing to a copy of its 
articles, or in forwarding in print to a member, 
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when required, a copy of a special fesolution, it 
is liable to a fine not exceeding one pound for 
each copy in respect of which default is made. 
Not only is the company liable, but every director 
and manager of a company who knowingly and 
wilfully authorises or permits any default of the 
kind described is personally liable to a like 
penalty with the company. • 

Increasing the Capital. A company 
whoso business is growing often finds that it 
requires more capital in order that the natural 
development may not be hampered, and this 
contingency is provided for in the Companies 
Act. The company may alter the conditions of 
its memorandum of association, and may increase 
its capital by the issue of new shares of any 
amount it may decide upon. The articles of 
association will probably have provided for this, 
and stated whether the necessary resolution is 
to be ordinary, extraordinary, or special. If 
there is no definite specification, then under 
Table A an extraordinary resolution is necessary, 
and this is the usual means resorted to. Subject 
to any direction to the contrary that may be 
given by the resolution sanctioning the increase 
of share capital, all new shares must, before 
issue, be offered to such persons as at the date 
of the offer are entitled to receive notices from 
the company of general meetings, in proportion, 
as nearly as the circumstances admit, to the 
amount of the existing shares to which they are 
entitled. The offer must be made by notice 
specifying the number of shares offered, and 
limiting a time within which the offer, if not 
accepted, will be doomed to be declined. After 
the expiration of that time, or on the receipt 
of an intimation from the person to whom the 
offer is made that he declines to accept the 
shares offered, the directors may disiwse of the 
same in such manner as they think most bene- 
ficial to tho company. The directors may dis- 
pose of any new shares beyond the number 
which have thus to bo offered to existing share- 
holders. The new shafes will be subject to tho 
same provisions with reference to the payment 
of calls, lien, transfer, transmission, forfeiture, 
and otherwise as the original shares. 

Decreasing the Capital. In the same 
way a company may reduce its capital, but here 
the restrictions are severe, because of the rights 
of creditors. The reasons for which a company 
sometimes desires to decrease its capital are 
various. It may have lost some of the capital 
or have insufficient assets to represent it in full, 
or it may find that its capital is more than can 
be profitably employed in the business. In 
order to reduce capital a special resolution has 
to be passed by the company, after which the 
words “ and reduced must be added to the 
name of tho company, and remain a part of the 
name until such time as the court declares 
otherwise. When the special resolution has been 
passed, application must be made to the court 
to sanction tho reduction. If tho reduction does 
not involve the diminution of any liability in 
respect of unpaid capital, or the payment to 
shareholders of any paid-up capital, creditors 
are not allowed to make any objection, and, 

3098 


unless the court specially requires it, their con- 
sent to the decrease of capital is not necessary. 
But if the opposite is the case, thenPall objecting 
creditors must be paid off or secured in the terms 
of the Act. The reduction having been sanc- 
tioned .by the court, a copy of the order must 
be filed with the registrar, who forwards a cer- 
tificate to the company as evidence that the 
terms of the Companies Consolidation Act have 
been complied with. All share certificates then 
have to be called in and amended, and the neces-» 
sary rectifications made in tho register of mem- 
bers. If the shares have been reduced in nominal 
value, this fact is indicated by a notification 
across tho face of the certificate and at the head 
of each page in the register. Where the pre- 
ference shares rank first in regard to capital as 
they do in regard to dividend, then ordinal y 
shares must first be written down in any decrease 
of the company’s capital. 

Different Ways of Reducing Capital. 
There are different ways in which the capital 
of the company may be decreased. It may bo 
done by extinguishing or reducing the liability 
on any shares of the company in respect of share 
capital not paid up ; or it may be done by can- 
celling any paid-up share capital which is lost or 
unrepresented by available assets, cither with or 
without extinguishing or reducing liability on 
its shares ; or it may be done by paying off any 
paid-up share capital which is ip excess of tho 
wants of the company, either with or without 
extinguishing or reducing liability on any of its 
shares ; or it may be done by cancelling shares 
which, at the date of the passing of the resolution 
in that behalf, have not been taken or agreed to 
be taken by any person ; or, finally, it may be 
done by returning accumulated pro'fits. 

Winding Up a Company. A company 
may be terminated or brought to an end by 
three methods: it may be wound up by the 
court, it may be voluntarily wound up, or it 
may be wound up voluntarily under the super- 
vision of the court. Thcu*e are six different 
circumstances in which the company may bo 
compulsorly wound up by the court — namely, 
if it has by special resolution resolved that it be 
wound up by tho court ; if default is made in 
filing the statutory report or in holding the 
statutory meeting ; if tho company has not 
begun business within a year from its incorpora- 
tion, or has suspended business for a whole year ; 
if the number of members is reduced in a private 
company below two or in a public company below 
seven ; if the company is unable to pay its 
debts ; e»nd, finally, if the court is of opinion that 
it is just and equitable that the company should 
be wound up. An applicattbn to the court for 
the winding up of a company must be by 
petition, presented either by the company or by 
a creditor or creditors or by a contributor. In 
the case of a petition for winding up on the 
ground of default in filing the statutory report 
or in holding the statutory meeting, only a 
shareholder may present the petition; and a 
contingent or prospective creditor who petitions 
must give security for costs, and make out a 
primajacie case which will satisfy the court. 



Powers of a Liquidator. The liquidator., 
in a winding up by the court has power, with the 
samotion of the court, to take legal proceedings 
on behalf of the company j to carry on the 
business of the company so far as may be 
necessary for its beneficial winding up ; to 
employ ar solicitor or other agent, under certain 
restrictions, to do any business that the liqui- 
dator himself is unable to do ; to sell the 
property of the company by public auction or 
private contract, with power to transfer the 
whole to any person or company, or to sell the 
same in parcels ; to execute deeds, receipts, 
and other documents, using, where necessary, the 
company's seal ; to draw, accept, make, and 
indorse any bill* of exchange or promissory note 
in the name and on behalf of the company ; to 
raise on the security of the assets of the company 
any money requisite ; and to do all such other 
things as may be necessary for winding up the 
affairs of the company and distributing its assets. 
Where a liquidator is provisionally ai)i3ointed 
by the court, the court may limit and restrict 
his powers by the order appointing him. 

Voluntary Winding Up. Most companies 
that come to an end, however, are wound up 
Voluntarily. A company may be wound up 
voluntarily (1) when the i)eriod fixed for the 
duration of the company by the articles expires, 
or the event (if any) occurs on the occurrence of 
which the articles provide that the company is 
to be dissolved, and the company in general 
meeting has passed a resolution requiring the 
company to be wound up voluntarily ; (2) if 
the company resolves by special resolution that 
it bo wound up voluntarily ; and (3) if the 
company resolves by extraordinary resolution 
to the effect that it cannot by reason of its 
liabilities continue its business, and that it is 
advisable to wind up. The method of winding 
up voluntarily is to call an extraordinary 
general meeting, the notice for which sets forth 
the resolutions to bo submitted. These are 
usually two, first ; “ That the such-and-such 
company be wound up voluntarily,” and 
secondly: “That Mr. So-and-So, of such an 
address, be and hereby is appointed liquidator 
in the said winding up.” It is not actually neces- 
sary to give notice of the appointment of a 
liquidator, although this is usually done. The 
resolution to wind up having been passed at the 
first meeting and confirmed at the second, has to 
be advertised in the ‘‘ London Gazette,” and 
the winding up begins on the day when the 
resolution authorising it was passed. The con- 
trolling power then passes from the directors to 
the liquidator, and business is only carried on in 
Bo far as may be necessary for the beneficial 
winding up of the company. 

Meeting of Creditors. Within twenty- 
one days after his appointment, the. liquidator 
has to file a notice of the appointment with the 
Be^strar of Companies on a presenbed form, 
and the penalty for failing to do this is £5 per 
day for the period during which he is in default. 
Btoher, within seven days of his appointment 
helhas to send notice by post to all the crecMtors 
of t^e oompanyi calling a meeting of creditors, 
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to be held aftsr fourteen days and within twenty- 
one days from the date of his appointment. 
The notice must state the time and place of 
meeting, and must bo advertised once in the 
“ London Gazette,” and at least once in two 
local newspapers. This meeting of creditors 
decides whether it will agree to the liquidator 
appointed, or whether application shall be made 
to the court for the appointment of another 
liquidator, either in place of or additional to the 
first one. It may also decide to appoint a 
committee of inspection. In deciding such 
matters the court takes into consideration the 
interests of the creditors and contributories. 

Liability of Past and Present Mem- 
bers. When a company is wound up, all present 
members have to contribute to the assets of 
the company to an amount sufficient for the 
payment of its debts and liabilities, and the 
costs, charges, and expenses of the winding up. 
This liability, however, only extends up to the 
amount, if any, unpaid on their shares. If the 
existing members are unable to satisfy the 
contributions required, then past members may 
be called upon, but a past member is not liable 
to contribute if he has ceased to bo a member for 
one year or upwards before the beginning 
of the winding up, and he is not liable to con- 
tribute in respect of any debt or liability of the 
company contracted after ho ceiised to be a 
member. 

Transferring to Another Company. 

When a company is being >Vound up voluntarily, 
and it is proposed to transfer or sell the whole 
or part of its business or property to another 
company, the liquidator may, with the sanction 
of a special resolution of the company he is 
winding up, receive, in compensation or part 
compensation for the transfer or sale, shares, 
policies, or other like interests in the transferee 
company, for distribution among the members 
of the transferor company, or may enter into 
any other arrangement whereby the members 
of the transferor company may, in lieu of 
receiving cash, shares, policies, or other like 
interests, or in addition thereto, participate 
in the profits of the transferee company. Any 
sale or arrangement so made is binding on the 
members of the transferor company. If any 
member of the transferor company who did not 
vote in favour of the sj)ecial resolution at 
either of the meetings held for passing and 
confirming the same expresses his dissent 
therefrom in writing addressed to the liquidator, 
and left at the registered office of the company 
within seven days after the confirmation of the 
resolution, he may require the liquidator either 
to abstain from carrying the resolution into 
effect or to purchase his interest at a price to 
be determined by agreement or by arbitration. 
If the liquidator elects to buy the member’s • 
interest, the purchase money must be paid 
l^fore the company is dissolved. 

Priority of Debts in a Winding-Up. 
In a winding up certain claims have priority 
of all other debts, and these include: (1) AU 
parochial or local rates, and all assessed taxes, 
land tax, property or income tax. (2) AU 
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wages or salary of any clerk or servant in respect 
of services rendered to the Company during 
four months before the said date, not exceeding 
fifty pounds ; and all wages of any workman or 
labourer, not exceeding twenty-five pounds, 
whether payable for time or for piece-work, 
in respect of services rendered to the company 
during two months before the c<fmmencemont 
of the winding up. (3) All amounts (not exceeding 
in any individual case one hundred pounds) 
due in respect of compensation under the 
Workmen’s Compensation Act, 1906, the 
liability of which accrued before the said date, 
unless the company is being wound up volun- 
tarily merely for the purposes of reconstruction 
or of amalgamation with another company., 
All these debts rank equally among themselves, 
and must be paid in full, unless the assets are 
not sufficient to meet them, in which case they 
arc paid in equivalent proportions as far as the 
assets go. Such sums a»s may be required for the 
coats and expenses of the winding ux) may, 
however, bo retained by the liquidator. If the 
winding up continues for more than a year, 
the liquidator must summon a general meeting 
of the company at the end of the first year, and 
Xircsent a statement showing what he has done 
and the present condition of affairs. He must 
submit accounts, and these accounts have also 
to be sent to the registrar. 

Concluding the Liquidation. When the 
liquidator has collected all the moneys due to 
the company and realised all its assets, and 
when he has satisfied all claims as far as the 
money would go, he has to make up final accounts, 
and present these to a final meeting of the 
company. This meeting must bo advertised 
in the “ London Gazette,” and at least a month’s 
notice must be given to the shareholders. 
Within a week after the holding of the meeting 
the liquidator has to deposit with the registrar 
a “ return of the final winding-up meeting, with 
the statutory declaration therein,” Three months 
later the registrar strikes the name of the 
company of! the list, and it ceases to exist 
any longer. There are various reasons for which 
the registrar may strike a company off the list. 
He may do so if he has ground for believing that 
it is not carrying on business. He can only do 
this, however, after sending two letters to the 
company at specified intervals and advertising 
in the “ London Gazette ” what ho proposes 
to do, without receiving any reply from the 
company. Even after being struck off, if a 
company or any member or creditor feels 
aggrieved, the court, on apxdication, may, if 
satisfied that the company was at the time of 
striking off carrying on business or in ox)eration, 
restore it to the register; and the company will 
be deemed to have continued in ox)eration as 
though its name had not been struck off. 

Reconstruction of a Company. Some- 
times it is considered expedient for various 
reasons to end a company, and to form another 
to carry on the business. This is called re- 
construction. It is often done where creditors 
have to be satisfied, and their claims may be 
settled by giving them shares in the new company. 
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Also, it is done in the case of amalgamations of 
companies. The first comx>any is wound up in 
the ordinary way, the secretary, •as a genesal 
rule, being appointed liquidator. An agreement 
is then drafted by the company’s solicitor for the 
sale by the liquidator of goodwill, assets, etc., 
to the new company. The shareholders have, 
of course, previous to the extraordinary general 
meeting, been advised of the advantages that 
will accrue to them through the proposed 
course. When the final meeting of the old* 
company is hold, unless formal permission has 
been previously given, the liquidator must bo 
authorised to hand over to the new company 
the old books and accounts. 

Filing the Annual Return. Every 
company must at least once in cver^ year 
make out a list of all i)er8ons who, on the four- 
teenth day after the first or only ordinary 
general meeting in the year, are members of the 
company, and of all persons who have ceased to 
be members since the date of the last return, 
or (in the case of the first return) of the in- 
corporation of the company. This list must 
state the names, addresses, and occux)ations 
of all the past and present members mentioned 
in it, and the number of shares held by each 
of the existing members at the date of the 
return, sf>ecifying shares transferred since the 
date of the last return or (in the case of the first 
return) of the incorporation of the company 
by Iversons who are still members and have 
ceased to be members respectively, and the 
dates of registration of the transfers. It must 
also contain a summary distinguishing between 
shares issued for cash and shares issued as fully 
or x>artly paid up otherwise than in cash, and 
must sx^ecify the following x>articulars : 

(1) The amount of the share caxiilal, and the 
number of shares into which it is divided ; 
(2) the number of shares taken from the 
beginning of the company up to the date of the 
return ; (3) the amount called up on each share ; 
(4) the total amount of calls received ; (5) the 
total amount of calls unpaid ; (0) the total amount 
of the sums, if any, x^aid by way of commission 
in respect of any shares or debentures, or 
allowed by way of discount in respect of any 
debentures, since the date of the last return ; 
(7) the total number of shares forfeited ; (8) the 
total amount of shares or stock for which share 
warrants are outstanding at the date of the 
return ; (9) the total amount of share warrants 
issued and surrendered respectively since the 
date of the last return ; ( 10) the number of 
shares or amount of stock comprised in each 
share warrant; (11) the names and addresses of 
the directors ; (12) the total amount of debt duo 
from the company in respect of all mortgages 
and charges which are required to be registered 
under the. Act of 1908. With this summary 
(except in the case of private companies) must 
also be filed a balance-sheet, audited by the 
company's auditors, and containing a summary 
of its share capital, its liabilities, and its assets, 
giving such particulars as will disclose the 
general nature of those liabilities and assets, 
and how the value of the fixed assets has been 



arrived at. This balance-sheet need not, how- 
ever, ’include a statement of profit and loss. 
Th^ list; and eummary referred to above must 
be contained in a separate part of the register 
of members, and must be completed within 
seven days after the fourteenth day from the 
annual general meeting. A copy of it, signed by 
the secretary or manager, must at once be 
forwarded to the Registrar of Companies. If 
there is any default in carrying out these pro- 
visions, the company is liable to a fine not 
exceeding £6 for every day during which the 
default continues ; and every director or manager 
who wilfully authorises or permits such default 
is personally liable to a similar penalty. 

The Registration of Mortgages. All 
mortgages or charges for the purposes of securing 
any issue of debentures, on uncalled share 
capital, on land, on book debts, on the under- 
taking or property of the company, and any 
charge created or evidenced by an instrument 
which, if executed by an individual, would 
require registration as a bill of sale, will, so far 
as any security on the company’s property or 
undertaking is conferred, be void against the 
liquidator and any creditor of the company 
unless the particulars of the mortgage or charge, 
together with the* instrument, if any, by which 
it is created or evidenced, are delivered to the 
Registrar of Companies for registration within 
twenty-one days after the date of its creation, 
but without prejudice to any contract or obliga- 
tion for repayment of the money thereby 
secured. The registrar has to keep with respect 
to each company a register in the prescribed 
form of all the mortgages and charges created by 
the company, and on payment of the prfjscribed 
foe he must enter in the register, with respect to 
every such mortgage or charge, the date of 
creation, the amount secured by it, short 
particulars of the property mortgaged or charged, 
and the names of the mortgagees. The registrar 
must give a certificate of 'the registration of any 
mortgage or charge thus registered, and this will 
be conclusive evidence that the requirements 
of the Act as to registration have been carried 
out. The register kept in pursuance of these 
requirements of the Act is open to inspection by 
any person on payment of a fee not exceeding 
one shilling for each inspection. Heavy penal- 
ties for default in these matters are prescribed. 
In addition to registration of mortgages and 
charges with the Registrar of Companies, every 
limited company must itself keep a register of 
mortgages and charges, with the amounts, a 
short description of the property mortgaged and 
charged, and the names of the mortgagees. 
Here again there are heavy penalties for default. 

Powers and Duties of Directors. The 
directors are the responsible managers of the 
company, and every company must keep at its 
register^ office a register containing the names 
and addresses and occupations of its directors. 
A copy of these particulars must be sent to the 
registrar, who must be notified from time to 
time of . any change in the directorate. 

Tlie pemty tor nef^ecting to do ' this is 
£5 for every day dui^ whloh the default 
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continues, and not only the company but 
also the directors, are personally liable. 

The qualification of a director is the holding of 
at least one share in the company, and the 
remuneration of directors is from time to time 
determined by the company in general meeting. 
The directors may from time to time appoint 
one or more ^ of their body to tlio office of 
managing director or manager, for such term 
and at such remuneration as they think fit; 
and the remuneration may be in the form of 
salary, commission, participation in profits, or 
a combination of all or any of these. While the 
company may in general meeting make regula- 
tions concerning the powers of the directors, 
no regulations made by the company can 
invalidate any prior act of the directors which 
would have been valid if that regulation had 
not been made. The directors must have minutes 
made in books provided for the purpose of all 
appointments of officers made by the directors, 
of the names of the directors present at each 
meeting of the directors and of any committee 
of the directors, and of all resolutions and 
proceedings at all meetings of the company, of the 
directors, and of committees of the directors. 
Every director present at a meeting of directors 
or committee of directors must sign his name in 
a book to bo kept for the purpose. 

Disqualification of Director. The office 
of a director is vacated if the director holds any 
office of profit under the company except that 
of managing director or manager, becomes 
banknipt, becomes of unsound mind, is con- 
cerned in the profits of any contract with the 
company, or ceases to hold the share or shares 
which qualify him for the post according to the 
Act of 1908. No director need vacate his office, 
however, on account of the fact that he is a 
member of a company which has entered into 
contracts with, or done work for, the company 
of which he is director. Ho must not, however, 
vote in respect of such contract or work. 

Th^ Rotation of Directors. At the first 
ordinary meeting of the company the whole of the 
directors must retire from office, and at the 
ordinary meeting in every subsequent year one 
third of the directors for the time being, or the 
number nearest to one third, must retire. The 
directors to retire are those who have been 
longest in office since their last election; but 
where the directors have been elected on the 
same day, the ones to retire may be determined 
by agreement or by lot. A retiring director is 
eligible for re-election, and the company, at the 
general 'meeting at which the director retires, 
may fill up the vacated office by electing a person 
to it. If the places of vacating directors are not 
filled, the meeting must stand adjourned to the 
same day in the next week at the same time and 
place ; and if at this adjourned meeting the places 
are not filled, then the vacating directors are 
considered as re-elected. The company may, of 
course, in general meeting, increase or reduce 
the number of directors from time to time. A 
casual vacancy occurring on the board may be 
filled by the directors, but the person so chosen 
must retire at the date that the director whose 
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place he fills would have retired. By an extra- 
ordinary resolution the company nSay remove- a 
director before the expiration of his period of 
office, and may by ordinary resolution appoint 
another person in his stead, but he must retire 
at the date the removed director would have 
been retiring in ordinary routine. 

Directors’ Meetings. As it^ is really the 
directors who direct the policy of a limited 
liability company, it is at their meetings 
that the lines are laid down that are to 
guide the management. These mec^tings in all 
really live companies are hold at regular intervals, 
once a month or, as in many cases, once a week. 
It is usual for the secretary to be present, and he 
takes the minutes of the proceedings, which are 
far less formal than in the case of the share- 
holders’ meetings, where everything is usualty 
cut and dried. Of course, there is a certain 
amount of formal business for the directors to 
carry out in order to fulfil the requirements of 
the Companies Act, such as the signing and sealing 
of documents, etc., but when it comes to matters 
of general management the discussion is, of 
necessity, free, and not on stereotyped lines. 

Where the directors are scattered about the 
country, it is quite usual for them to appoint a 
committee of their own number to transact the 
general business of the company, and even 
where the whole of the directors are more access- 
ible a committee is very often appointed to meet at 
more regular intervals than the full body of the 
directorate. The minutes will, of course, record 
the names of the directors present and give a 
fairly detailed narrative of the proceedings. 
The meetings of the directors arc usually held 
at the registered office of the company in a room 
called the board- room. According to Table A 
they “ may meet together for the despatch of 
business, adjourn, and otherwise regulate their 
meetings as they think fit. Questions arising 
at any meeting shall bo decided by a majority 
of the votes. In case of an equality of votes 
the chairman shall have a second or casting vote. 
A director may, and the secretary on the requisi- 
tion of a director shall, at any time summon a 
meeting of the directors. The quorum necessary 
for the transaction of the business of the directors, 
and unless so fixed, shall (when the number of 
directors exceeds three) be three.” The Act 
further declares that “ all acts done by any meet- 
ing of the directors or of a committee of directors, 
or by any person acting as a director, shall, not- 
withstanding that it bo afterwards discovered 
that there was some defect in the appointment of 
any such directors or persons acting as aforesaid, 
or that they or any of them were disqualified, 
be as valid as if every such person had been duly 
appointed and was qualified to be a director.” 

Dividenda. No dividend may be paid 
otherwise than out of the profits, and subject to 
the rights of any persons who own shares with 
special rights as to dividends. All dividends must 

declared and paid according to Ibhe amounts 
paid on the shares, but, accoiding to Table A, 
where nothing is paid up on any of the shares in 
the company, dividends may be declared and. 
paid according io the amounts of the shares. 
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No amount paid on a share in advance of calls 
may, while carrying interest, bo treated for 
dividend purposes as paid on thc^ share. The 
company in general meeting declares dividends, 
but no dividend may exceed the amount recom- 
mended by the directors, and the directors may, 
before recommending any dividend, set aside, 
out of the profits of the company, such sums 
as they think proper as a reserve, which shall, at 
the discretion of the directors, be applicable for 
meeting contingencies or for equalising dividends, , 
or for any other legitimate purpose. Pending the 
application of such reserve, the money may be 
employed in the business, or be invested as the 
directorate think fit. The directors may from 
time to time pay io the members of a company 
such interim dividends as they think are 
justified, by the profits. Notice of the closing of 
the transfer books of a company for a short time 
for the preparation of dividend warrants is 
usually advertised, and the warrants are got 
ready before the meeting, but they must not be 
sent out till the dividend has been actually 
sanctioned by tho shareholders. 

Companies Established Outside the 
United Kingdom. In conclusion, it must 
be remembered that tho law concerns itself not 
only with companies incorporated in the United 
Kingdom, but also with those e.stablishod out- 
side, but which set up places of business in this 
country. Such companies must, within one 
month from the establishment of the place of 
business, file with the ri‘gistrar a certified copy 
of the charter, statutes, or memorandum and 
articles of the company, and, if the instrument 
is not written in Knglish, a certified translation. 
Also, there must be filed at the same time a list 
of directors and the names and addresses of 
some one or more persons resident in the United 
Kingdom authorised to accept on behalf of the 
company service of process and any notices 
required to be served on the company. In the 
event of any alteration’ being made in any such 
’instrument, or in the directorate, or in the names 
and addresses of the persons afore- mentioned, 
the company must within the prescribed time file 
with the registrar a notice of the alteration. 
Any process or notice required to be .served on 
the company is considered sufficiently served if 
addressed to any person whose name has been 
filed as already mentioned and left at or sent by 
post to the address so filed. Every company of 
this kind must each year file with tho registrar 
such a statement in the form of a balance-sheet 
as would, if it were a company formed and 
registered under the Act, and having a share 
capita], be required to be included in the annual 
summary. Any company incorporated outside 
the United Kingdom which uses the word 
Limited as part of its name, and has a place of 
business in this country, must, in every i^ro- 
spcctus inviting subscriptions for its shares or 
debentures in the United Kingdom, state the 
country in which the company is incorporated ; 
and it must conspicuously exhibit on every place 
where it carries on business in the United King- 
dom the name of the company and the country 
of incorporation. CHARLES RAY 
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The Study of Crystals. Wo may briefly 
refer to another very important study which 
is also concerned with our conception of the 
4hro6 states of matter. This is the study of 
solidification and crystallisation. We can merely 
direct the reader’s attention to the subject on 
three distinct grounds. 

Firstly, we must recognise that the study of 
crystals will help us to understand the mole- 
cular structure of matter. We must believe 
that the varying shapes of crystals depend, 
in some way, upon the varying shapes of the 
molecules of which they are composed. We. 
conceive of molecules, of course, in terms of 
stereO’Chemistry — that is to say, in terms of three- 
dimensicnxl si^ace. In our recent studies, both 
in physics and chemistry, wc have seen how 
different kinds of crystals are able — ultimately 
in consequence of their molecular structure — 
to produce remarkable changes in a beam of 
light, and we have also noticed the extraordinary 
fact that there are certain forms of life which 
have a selective affinity for crystals, or, ratht^r, 
for molecules of certain shapes, but do not act 
upon other molecules which are idiuitical in every 
way but for the one difference which corresponds 
to the difference between the right hand and the 
left, or between any object and its mirror image. 

The Crystalline Structure of Metals. 
Secondly, the study of crystals and crystalline 
structure is now seen to be of extraordinary 
practical importance ; just as all trees have 
flowers, though the flowers are inconspicuous, 
so the metals, though we do not readily recognise 
it, have a crystalline structure. Further, we 
find that to this crystalline stnicture, to 
these mutual relations of the molecules, must be 
referred the gross physical properties of any 
specimen of a metal. The ultimate difference 
between the rod of steel or the tube of steel 
which remains intact, and another which bursts 
on board a steamship and kills a dozen men with 
scalding steam, is to be found in crystalline 
structure, in the relations which the molecules 
assumed when the steel, or other metal under 
consideration, underwent the process of solidi- 
fication. It is interesting to note that the 
microscope, invented in the interests of biology, 
and long used by biologists alone, now forms an 
invaluable part of the armamentarium of the 
metallurgist, who is enabled by its moans to 
make minute study of the crystalline forms of 
various specimens of various metals and alloys, 
and to correlate differences in this respect with 
physical properties, such as brittleness, elasticity, 
density, and the like. 

If the reader should ask where he must look 
for the most noteworthy advances in this 


subject, and for the most extensive knowledge, 
he may be referred to the University of Sheffield, 
the metallurgical work of whicli affords an 
admirable instance of that- wise tendency 
towards specialisation which the universities of 
this country are now exhibiting. 

Value of Crystallography in In- 
dustry. Our foremost authority on general 
crystallography, Dr. A. E. H. Tutton, F.R.S., 
speaking of his subject, has said: ‘‘Its bearing 
on engineering is of no trifling character, since 
the whole of the metallic materials employed by 
the engineer arc crystalline substances. Hundreds 
of valuable lives have been sacrificed by the 
existence of flaws in metallic beams, girders, tie- 
rods, bolts, rails, wheels, and axles, consequent on 
local development of crystalline structure, or on 
the local separation of crystals of a particular 
constituent in an alloy or a steel. Many of these 
might have been saved if we had ])ossesscd 
exact knowledge of the crystallographical 
character of metals, and of the infiuonce upon 
it of the various metallurgical and mechanical 
processes to which steels are subject. Investi- 
gations to this end are at length being tardily 
initiated, and the practical utility of this branch 
of crystallography is so obvious as to apj)eal 
to all, and from motives equally economic and 
humanitarian.” 

Neither Alive nor Dead.*’ Thirdly, 
the study of crystals is of the most extra- 
ordinary interest in relation to the problem-s 
of life. In the narrow sense crystals are not alive ; 
but they display certain characters which strongly 
suggest that, from some points of view, they may 
be regarded as intermediate between the living 
and what we are pleased to call non-living. 

Does all Matter Respond to Stimu- 
lation ? A distinguished Indian physicist, 
Professor Chunder Bose, of the Presidency 
College, Calcutta, published in 1902 a remark- 
able book, entitled ” Response in the Living 
and the Non-Living,” in which he was enabled 
to show that \ arious crystalline forms of matter 
exhibit response to electrical stimulation, and 
show fatigue and electrical phenomena identical 
with those which the physiologists have hitherto 
described as characteristic of living muscle. 
His work was met with the usual and necessary 
incredulity accorded to the pioneer, but his 
results have stood. He later published his 
“ Plant Response,” which carries his work still 
further, proving the identity of response to 
stimulation in the animal, in the plant, and in 
various kinds of crystalline inorganic matter. 
We may briefly quote from page 40 of Professor 
Bose’s remarkable book, published in this country 
by Messrs. Longmans. 


SOURCES AND USES OF POWER, PRIME MOYERS. POWER IN THE FUTURE 
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“ By follo'mng the electrioal imethod of 
inquiry which has just been described, I have 
been able to prove that the power of responding 
to stimulus, and, under certain conditions, the 
arrest of this power, is the characteristic, not of 
organic matter only, but of all matter, both 
orggnis and inorganic ; and that, in general, the 
various agencies which bring on the Modification 
of response in one case — such as fatigue, 
temperature changes, stimulating or depressing 
chemical reagents — act in the same way in the 
other. The capability of responding, so long 
regarded as the peculiar characteristic of the 
organic, is also found in the inorganic, and seems 
to depend in all cases, both qualitatively and 
quantitatively, on the condition of molecular 
mobility.” Professor Bose has been giving 
important demonstrations in England at the 
Royal Institution and at Oxford and Cambridge, 
and the neglect of the past is now being very 
generously remedied. 

All Elementa have Crystalline 
Forms. We may conclude our brief review 
of this big subject by one or two more references 
to the work of Dr. Tutton, which is of extreme 
imjjortance. He says : 

‘‘ The fundamental fact of the science is that 
every solid chemical element, whether metallic 
or non-metallic, and every solid substance of 
definite chemical composition, bo it naturally 
occurring or artifically prepared (with the ex- 
ception of the few which have never yet been 
obtained in the crystalline condition owing to 
the great viscosity of their solutions or of their 
molecules when in the state of union), has its own 
definite crystalline form, which is just as much 
a characteristic feature of the substance, by 
which it can be identified, as is any one of its 
ch(miical or physical properties This is a state- 
ment which it has only quite recently been 
possible to make with certainty. For it was for a 
long time thought that the members of. tho 
numerous well-known series of analogous 
chemical compounds (which only differ in con- 
taining a different member of a family group of 
chemical elements as their dominating and 
generally metallic constituent) were absolutely 
identical in their crystalline form, and they were 
consequently classed as ‘ isomorphous,’ But 
tho author of this article has been able to prove, 
as the result of fifteen years’ work, that although 
the forms are very similar, and although they 
belong to the same type of symmetry, the angles 
between their corresponding faces are different, 
to the extent, it may be, of only a few minutes of 
arc, but in some cases by as much as a couple of 
degrees. Moreover, the amount of difference is 
governed by a definite law, which connects the 
atomic weight of the metal or other dominating 
(acid-forming) element present with the whole of 
the projperties of the crystals, whether of exterior 
form, of optical character, or of internal structure. 

” The main result of the highest refinement of 
crystal measurement has been to establish the 
fact that perfectly developed crystals of the same 
chemical substance invariably exhibit faces 
inclined at precisely (to within one or two 
minutes of arc) the same angles, whatever may he 

31W 


the variations in the relative sizes of the different 
faces. In, brief, the interfacial angles of crystals 
of the same substance are constafit, and ane 
the peculiar property of that substance, differ- 
entiating it from all others.” 

The Problems of Solution. The moment 
we turn the mind to such a simple phenomenon as 
the melting of a lump of sugar in a cup'of tea, we 
realise that, commonplace though this be, it is 
profoundly interesting, and must surely be pro- 
foundly important. . In the present outline * 
discussion of it we shall follow Mr. W. C. D. 
Whetham, F.R.S., whose “'^’heory of Solution” 
(John Murray) is the most authoritative 
book upon the subject. 

The problems of solution are important on 
every score. They have always been recognised 
as important for the physicist and tho chemist, 
but we have only of late years begun to recognise 
their extreme importance for the biologist and 
the physiologist. Indeed, the greater our know- 
ledge of the facts of solution in general, the 
nearer we shall be towards understanding the 
facts of life in general, and notably of the 
facts of the relation between the infinitely 
complicated and numerous processes that are 
necessary for the life of the higher organisms. 
According to Mr. Whetham, “ the application of 
physical conceptions to the problem of living 
matter chiefly depends on the knowledge we possess 
of the physics and chemistry of ordinary solnl ion 

It is of interest that the biologists were the 
pioneers in the modern elucidation of this sub- 
ject, which began more than forty years ago. The 
biologist Traube, followed by Pfeffer, showed how 
to construct what are called ” semi- permeable 
membranes,” which will permit water to pass 
through them, but will completely arrest certain 
substances that may be dissolved in the water. 
These membranes are in general made of porous 
unglazcd earthenware, which has been impreg- 
nated with certain salts. The remarkable fact 
is that such semi-permeabhi membranes are 
found almost everywhere within the bodies of 
animals and plants, and play, as we now know, 
a most important part in their life. 

The Laws of Osmotic Pressure. If 
we prepare a cell the walls of which have 
this property, and fill it with a solution of 
sugar in water, while we bathe its exterior in 
pure water, wc find that the water forces its way 
into the cell up to a certain jmint. This pomt 
can readily be measured if the cell has a glass 
tube containing mercury attached to it. Such 
a pressure gauge will indicate for us what is 
called the osmotic pressure of tho solution after 
the maximum amount of water has forced its 
way into the cell from without. 

This osmotic pressure follows certain laws, and 
these have been elucidated by the most dis- 
tinguished student physical chemist^ has ever 
had, the late Professor Van’t Hoff, of Berlin. Wo 
may quote the following two laws as stated by 
Mr. Whetham. Tho investigations pursued by 
Pfeffer show the following results. 

(1) That tho osmotic pressure wm invei^ly 
proportional to the volume in which a given 
mass of sugar was confined. 



QROUR 18— PHYSIOS 


(2) That the absolute value of the pressure 
in thd'case of tj^e solution of sugar was the same 
as that which would be exerted by an equal 
number of molecules in a gas when placed in a 
vessel with the same volume as the solution. 

These laws are of extraordinary interest, for 
they must mstantly recall to our minds two other 
laws with which we have long been familiar, 
and of which these new laws are verily no more 
H^an extensions. Wo already know the law of 
Boyle, that the volume of a gas is inversely 
proportional to its pressure. We now discover 
that this general proposition holds true not only 
of gases but also of dilute solutions — evidently 
a splendid result. 

Secondly, we know the law of Avogadro, 
which states that the pressure of a gas depends 
upon the number of molecules present and not 
upon their nature. We now di.scover that this 
law is true not only of gases but also of dilute 
solutions — a result which is equally splendid. 
vSeveral workers have shown by other argu- 
ments ‘*that the 
osmotic pressuni 
must be equal in 
amount to the 
gaseous pressure 
exerted by the 
same number of 
molecules when 
vaporised, and 
must conform to 
the laws which 
describe the tem- 
perature, press- 
ure, and volume 
relations of 
gaseous matter.” 

This holds good 
whatever may 
be our precise 
theory of the 
nature of the 
j»rocess of solu- 
tion. It may be 
almost impossi- 
ble to frame any chnir idea of what actually 
happens when sugar melts in tea, and yet wc 
are enabled to frame laws of solution which arc 
absolutely identical with the corresponding 
laws of gases. 

Mixtures and Compounds Again. 

How far do these laws help us to determine 
whether solution implies the formation of any- 
thing that can be called a chemical compound, 
or whether it means no more than a mixture ? 
Elsewhere, of course, we have seen evidence to 
show (in the case, for instance, of. the relation 
between water and alcohol) that some chemical 
action must be involved ; and on the whole 
the present evidence is rather in favour of the 
view that solution is a chemical rather than a 
purely physical fact ; in other words, that 
“ a solution, say, of salt and water is in some 
way a chemical compound' of these components ; 
a compound iii which the relative proportions 
between the components can vary continuously 
between certain wide limits.” 


Explanation of Apparent Exceptions. 

It was soon discovered that there are certain 
noteworthy exceptions, as it would appear, to 
the usual law of the osmotic pressure. If wo 
compare solutions of sugar and of alcohol, each 
containing the same number of molecules in the 
same volume, we find, as the law assents, that 
they possess eijual osmotic pressures ; but if, 
instead of comparing sugar and alcohol, wo 
compare sugar and salt, we find that, even 
though the two solutions contain equal numbers 
of molecules, the osmotic pressure of the salt, if 
the solution b(^ fairly dilute, may be almost 
twice as high as that of the sugar. 

It has remained for another great physical 
chemist, Professor Arrhenius, of Stockholm, to 
show that it is not nec(*ssary, as Vaii’t Holf sup- 
posed, to r(‘gar(l this case as an inexplicable 
exception. On the contrary, we have only to 
suppose that the molecules of the salt undergo ji 
splittiiig up or dissociation,* and we see that the. 
abnormally high pressure may be explained. 

This dissociation 
is rendered much 
the more pro- 
bable when we 
realise that these* 
abnormal osmo- 
tic pressures art* 
found in the 
case of solutions 
which conduct 
electricity. 

What Hap* 
pens to the 
Molecules. 
According to this 
now famous dis- 
sociation theory 
of Arrhenius, 
common salt 
does not ('xist as 
such when it 
occurs in dilute 
solution in 
w a t r. T h 
molecules have been dissociated, and exist 
as particles or atoms of sodium and chlorine, 
thest! being associated with electric charges. 

Each salt molecule thus gives two pressure- 
producing particles in solution, and the double 
value of the osmotic pressure is explained. 
In stronger solutions, this dissociation is not 
complete, and the osmotic pressure is less than 
twice the normal value.” 

This theory, then, shows us that Van’t Hoff’s 
laws arc valid, even in the case of apparent 
exceptions to them. It recognises that these 
exceptions consist of solutions of electrolytes as 
di.stinguished from non-electrolytes, thi.s new 
term being applied to substances capable of 
conducting an electric current, meanwhile under- 
going change ; and it explains abnormalities of 
pressure in terms of molecular dissociation. 

An entirely different method of studying the 
facts lends further support to the dissociation 
theory. In this subject Faraday was again 
the pioneer. He showed that there was a 
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constant proportion between the amount of elec- 
tricity conveyed through an electrolyte, and the 
amount of decomposition which that electrolyte 
suffered. This seemed strongly to suggest that, 
when an electric current is conveyed through, 
for instance, a solution of sodium chloride in 
water, what really happens is a dissociation of the 
molecules of the salt, the positively electrified 
atoms of sodium going with the current, and the 
negatively electrified atoms of chlorine going 
against it. These “goers” Faraday termed 
“ ions,'' a Greek term which has that meaning. 
The ion which moves with the stream, and 
toward the electrode which is called the cathode, 
is known as the positive ion or cation, while the 
ion which travels against the stream and moves 
toward the electrode which is known as the 
anode, is called the negative ion, or anion. 

The Movement of Iona. We have here, 
perhaps, the very firat hint that electricity, and 
even an electric current, is particulate and 
atomic in structure. Said Von Helmholtz in 
his Faraday Lecture of 1881, years before the 
discovery of radio-activity : “ If we accept the 
hypothesis that the elementary, substances are 
composed of atoms, we cannot avoid concluding 
that electricity also is* divided into definite 
elementary portions, which behave like atoms 
of electricity.” 

The next question which opened itself for study 
was plainly the character of the ionic movement. 
As we measure the conductivity of a solution 
by the amount of electricity which it will convey 
in a given time under the action of a given 
electric force, and as the conduction of the 
current depends upon the movement of charged 
ions, the conductivity of the solution, which is 
a measurable thing, must depend upon the 
number and velocity of the ions. Now, the 
number is ascertainable, because we can ascertain 
the strength of the solution, and thus we are in 
a position to ascertain the speed at which the 
ions move. 

Mr. Whetham himself is largely responsible 
for the moans by which wo aro now able actually 
to see the ionic movement — not, that is to say, 
the movement of the individual ions, but their 
movement en masse. This can be done by 
means of an apparatus which permits us to 
place next one another solutions of two salts, 
one coloured and the other colourless. Says 
Mr. Whetham : “ The solutions should be of 
the same molecular concentration, the same con- 
ductivity, and the denser solution must, of 
course, be placed below the lighter. Let us take 
as an example the case of solutions of potassium 
bichromate and potassium carbonate, which 
fulfil the necessary conditions. The colour is 
here due to the acid part of the salt, the 
bichromate ion, which has the chemical composi- 
tion represent^ by CrgOy ; the potassium 
ion is colourless. When a current of electricity 
is passed across the junction between the liquids 
the colour boundary is seen to move, and, from 
the rate at which it creeps along the tu^, the 
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velocity of the bicaromatp ion under a given 
electric force can be determined.” 

The Speed of Iona. T^e reader Hrill 
almost certainly imagine that the speed with 
which the ions move will be very great, but it is 
really remarkably small. Much the fastest 
moving ion known is hydrogen, but '‘when the 
electromotive force is one volt per centimetre 
the hydrogen ion moves only at the rate of 4 in. 
per hour, and this is about len times as fast as 
the speed of most other ions. We must dis- 
tinguish this movement, of course, from the 
movement of the electric current — or, rather, we 
must distinguish the two speeds. The movement 
of the current is almost as rapid as that of an 
electric wave — that is to say, is almost equal 
to the velocity of light. Mr. Whetham com- 
pares the two movements with the case of the 
movement of a stick. If wo push one end of the 
stick, the whole of it moves on. Its velocity 
may be as slow as that of a hydrogen ion — a 
mere 4 in. per hour. But something else moves 
with an immeasurably greater rapidity, and 
that is the wave of compression which is induced 
by the push, and which must travel along the 
whole length of the rod before its advancing 
end can move. “ The slow movement of the 
rod as a whole, when once started, corresponds 
with the slow drift of the ions ; the almost 
instantaneous passage of the wave of com- 
pression along the rod corresponds with the 
velocity of electricity in the electrolytic solution.” 

What the Dissociation Theory 
Explains. The facts of solution and the facts 
of double decomposition, when fully considered, 
lead us to revise the idea that the dissociation of 
the electrolyte is due to the passage of electricity 
through it. It can bo shown, indeed, that th(' 
electricity is not used up in dissociating the 
molecules of the electrolyte. There is already 
a good deal of freedom among the ions of the 
solute, or substance dissolved, even before the 
electric current passes.. What the electricity 
does is merely to sort out the ions and force them 
to move against the resistance of the water. 
As to what solution really involves we cannot 
say. The ions of the solute must have relations 
which wo cannot define with the molecules of 
the solvent, but they are, at any rate, indepen- 
dent of, or dissociated from, each other. 

The dissociation theory does more than give 
us a complete explanation of the electrical and 
osmotic properties of solutions, or at least of 
aqueous solutions. It actually enables us to 
explain, in great degree, the chemical properties 
of such solutions — that is to say, it enables us to 
correlate their chemical •..and their electrical 
properties. ■ The very solutions which exhibit 
the highest chemical activity are solutions of 
electrolytes — salts and acid^ — and their chemical 
activity is the iiotivity of their ions. There are 
some chemical reactions in which “ the electric 
charges on the ions seem to be the determining 
factors of the whole process.” 

C. W. SALEEBY 



GROUP 14-BUILDINfl • THE GREATEST TRADE OF ALL-CHAPTER 24 


Its Early Use and Its Nature. Its Manufacture and Method of Em- 
floyment as a Substitute for Masonry. Faience in Building Construction. 


TERRA-COTTA 


*T BfiRA-coTTA, as is implied by its name, 
* consists of burnt or baked earth, and is a 
material that has been in use for building for a 
^ery long period. It was used in Assyria and 
Persia, both in the form of small cubes and also 
in large blocks moulded in relief and enriched 
with colour, for lining walls. The examples of 
this work from Susa to be seen at the Museum 
of the Louvre, Paris, exemplify the splendour 
and pW'manonce of this material when so 
treated. 

The Greeks made considerable use of it, 
especially for small buildings and for tiles and 
cornices, and they employed colour for enriching 
the surface ; the Etruscans in Italy carried its 
manufacture to great perfection, and achieved 
results that would tax the skill of a modern 
manufacturer. Examples of their use of this 
material are to be seen in the British Museum, 
in the complete entablature of a small building, 
and in a series of remarkable covers to sar- 
cophagi ; on many of these figures of nearly 
life size are executed, the lid being in a single 
piece of terra-cotta. 

Modern Use of Terra«cotta. Tliis 
material continued to be used by the Romans 
for pipes and flues, and in medifleval times was 
extensively employed in Italy as a building 
material, and admirably treated ; the courts of 
the Certosa at Pavia may be mentioned as 
examples of the successful use and treatment 
of terra-cotta by the Italians. 

Italian workmen made use of terra-cotta in 
England quite early in the sixteenth century, 
and their work at Hampton Court and elsewhere 
is among the earliest examples of Renaissance 
work in this country. In modern times it has 
been very extensively employed both in com- 
bination with brick and as the exclusive material 
for facing. The Natural History Museum at 
South Kensington, London, is one of the earliest 
examples in England of an important building 
so treated, and the recent addition to the Savoy 
Hotel, facing the Strand, I^ndon, is one of the 
more recent and is an example of the use of a 
special texture on the surface. 

Advantages of Terra-cotta in Build- 
ing. As a substitute for masonry, terra-cotta 
has both advantages and disadvantages. Of the 
former, one of the chief is, that when well 
made it resists the attack of the acids con- 
tained in the atmosphere of towns much better 
than do most stones. It is of great strength — 
about 30 per cent, stronger than good Portland 
stone — and may be obtained in a variety of 
colours ; the surface may be produced with a 
perfectly smooth texture, or one resembling that 
of masonry (hessed with a chisel. It.i8 light, and 
is employed in hollow blocks to the greatest 


advantage. la situations where it is not ex- 
posed to the weather, it may be made without a 
glazed surface ; where it is to bo covered with 
plaster or other materials, a slight amount of 
distortion is not a serious defect, and this 
material is largely used for lintols and partition- 
blocks in several systems of fireproof construc- 
tion. For external work, as a substitute for 
masonry, it must have a surface glaze to resist 
the attacks of weather as well as those of tho 
acids in the* atmosphere ; but when so used, if 
carefully designed and employed in large 
quantities, it is less costly than stone, and the 
forms may be enriched without the same cost 
as in the case of stonework, especially when 
there is much repetition. 

Drawbacks to the Use of Terra-cotta. 
Some of the principal drawbacks to the use 
of terra-cotta are that tho materials from 
which it is made are liable to shrinkage during 
drying and burning, and, unless great care be 
exercised in manufacture, they are liable to 
shrink irregularly, with the result that blocks 
become distorted and the salient lines are not 
straight but twisted. When once burnt, the 
finished face in exposed work must not bo touched, 
and any such irregularity of line or form cannot 
therefore be corrected, for tho material itself is 
generally porous, and if the protecting surface is 
interfered with, tho weather rapidly attacks and 
destroys the terra-cotta. If the blocks are not 
thoroughly homogeneous, but have an external 
layer of finer clay formed upon blocks com- 
posed of coarser material, there may be unequal 
shrinkage between tho materials ; fine cracks 
then appear on tho face, wet penetrates, and 
in severe weather freezes, and tho face scales 
off. Both of these drawbacks may be to a vciy 
great extent overcome by caro in manufacture, 
but a very serious disadvantage in thesci days of 
rapid construction is the delay that is unavoid- 
able in supplying the material and, in particular, 
in replacing V>locks that may l>e condemned as 
unsatisfactory. The process of manufacture 
covers a considerable time, and cannot bo 
hurried, so that it may often take a month or more 
to replace a block that h^ been condemned. 
It is sometimes customary to provide duplicates 
of any particularly difficult blocks that are 
likely to show distortion, but this is a some- 
what costly provision. 

Nature of Terra-cotta. Being burnt 
from clay, it may be considered as a material 
analogous to brick, though it is more carefully 
preimrcd than brick earths ; but in tho manner of 
using it on a building, it is treated, so far as 
actual construction is concerned, more like 
masonry. The blocks are prepared in a different 
manner from masonry, for they are moulded and 
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burnt, not cut from a rough block ^ but so far as 
bonding and putting together are concerned, the 
practice of masonry is very closely followed ; 
in dealing with actual construction in terra- 
cotta, therefore, we shall describe here only the 
variations in practice from ordinaiy masons* 
work, and for the treatment so far as it coincides 
with that of masonry the reader is referred to 
the articles on this subject whic^li immediately 
follow. 

Necessity for Detail Drawings. It 

is necessary for a terra-cotta building that the 
whole of the work should be detailed very accu- 
rately, including such matters as every varia- 
tion in size of quoins and dressings round 
openings. In masonry in a similar case the 
moulding only would be detailed ; but, as a 
rule, unless* great uniformity be required, the 
height and width of each block is left to the dis- 
cretion of the mason, and depends on the sizes 
of stones available. In terra-cotta, on the con- 
trary, as each block is made in a mould, every 
dimension must be given, and must be carefully 
arranged so as to secure bond with the brick 
walling or backing with which it is usually 
combined. 

The height of every course in such cases must, 
therefore, be an exact multiple of the height of 
a brick course, and if the bricks to be us^ are 
not of the ordinary size, but larger or smaller, 
the terra-cotta must, nevertheless, be designed 
to suit the bricks and bond with them. The 
width of the bed, exclusive of any projection 
from the face, must also be the multiple of the 
breadth of a brick dimension. In continuous 
strings, the length is more open to variation ; 
but it is convenient that this, too, should be 
a multiple of a brick length, to facilitate the use 
of bonding blocks. In quoins and window dress- 
ings the difference in the width of face of suc- 
cessive blocks should be a multiple of the width 
of a closer to assist bond. It is also necessary 
to foresee and arrange for all grooves for plaster 
or lead work, sinkings for fixing joinery, window 
bars, iron balustrades, etc., as well as joggles, 
rebates, etc., for fixing and bonding the terra-cotta 
blocks together. In masonry many of such 
details can be cut in the stones when fixed, but 
in terra-cotta they must be provided for in the 
moulds from which the material is cast, or 
formed in the block when cast and before 
burning. 

Use of Shrinkage Scales. The shrink- 
age of terra-cotta varies somewhat, but is 
considerable, and generally amounts to a^ut |^th 
of each dimension. The manufacturer must be 
informed if the full-size drawings represent the 
terra-cotta when moulded or after it has been 
burnt. It is often the practice to draw such 
details to the size of the blocks as they should 
be moulded, and manufacturers will supply 
scales; known as f^rinkage scales, adequately 
enlarged to allow of the subsequent shrinkage 
to the intended size during dijing and burning. 
It is very desirable that this method should 
be employed in all moulded and enriched work, 
for if the enlargement be left to the manufac- 
turer, though i^e blocks may be correct, the 


character of the mouldings and emichments may 
be modified in the process. " 

Chambering Terra-cotta. ^ The blocks 
of terra-cotta are not solid' as is the caSe 
with bricks or stone, but, as a rule, are hollow 
and have one face left open. The walls of the 
hollow block are kept of a uniform thickness, 
as far as possible, to avoidinequality in shrinkage, 
and are usually from 1 in. to 2 in. in thickness. 
If the blocks are large, cross webs ore formed 
in the process of moulding, and these are both 
horizontal and vertical if necessary [124] ; they* 
subdivide the block into a series of chambers 
and servo to stiffen it, and to prevent undue 
distortion. 

Sizes of Blocks. The individual blocks 
are strictly limited in size ; no block can, as a 
rule, be formed with a cubic capacity exceeding 
about 3 ft., and for general purposes blocks of very 
much smaller size are desirable. The larger 
the block and the longer the surfaces and arrises 
the greater is the risk of distortion in the lines 
during the process of burning, but very much 
will depend on the character of the block to be 
used. If, for example, a block be a terminal 
block, as in the case of the cap to a small pier, 
the shape is regular, the shrinkage is likely to 
be regular, and for setting it is necessary merely 
to have a good horizontal surface for bedding 
on the pier ; provided this is secured, a slight 
distortion in other portions will not be of serious 
moment, and may be unnotioeable. In the case 
of an angle block containing a group of mould- 
ings, such as a cornice, the circumstances are 
different ; this must have not only a true bed, 
but perfectly true vertical joints at each face, 
so that the lines of all the mouldings will carry 
on truly the same lino in the adjoining block. It 
will readily be understood that any distortion 
is serious, and, owing to the irregular shape of 
the block, is more likely to occur if the block be 
a large one. Whenever a block is so distorted 
as to be unsuited for its position, there is no 
middle course open ; the block must be used as 
it is produced from the kiln, or it must be rejected 
altogether aUd a new block substituted, with 
the consequent delay; the lines must not bo cor- 
rected by chiselling, or any other work which 
would destroy the surface of the material. 

Absorption. In terra-cotta, as in stone, 
the question of absorption has an important 
relation to the durability of the material. If 
water be readily absorbed, it is not merely liable 
to expand in case of frost and split the material, 
but may carry into the stone, in solution, acids 
that will tend to disintegrate the material. 
When used for external work, terra-cotta 
that will absorb more than 10 per cent, of its 
own weight should not be eipployed, and one that 
absorbs a smaller proportion Is to be preferred. 
This does not apply to the light, porous terra- 
cotta often used in fireproof floors which is not 
exposed to the action of the weather. 

The Manufacture of Terra-cotta. 
The material from which terra-cotta is burnt 
is clay of a fine oharacter-^the best is refrac- 
tory, containing a large proportion of silica ; 
the presence of iron or of lime makes the terra- 
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cotta more fusible and not so .ha/d or durable ; 
several varieties of, clay, including fireclay, may 
be used. These vary m the amount of shrinkage, 
and they are often combined in various pro- 
portions to regulate the shrinkage, and other 
materials, such as sand and pounded pottery, not 
liable to shrink, are mixed with them so as to 
minimise it. The materials are* finely ground 
in a dry state, placed in water, strained, pugged, 
well kneaded, and finally forced into the moulds. 

In order to prepare moulds, models must 
first be made from the shrinkage scale drawings, 
including all enrichments. Such a model must 
be made for every piece of terra-cotta that 
differs in any respect from a model already 
made ; and the economical employment of terra- 
cotta depends largely in reducing the number 
of models to a minimum. This is only to be 
secured by care in designing, and all unnecessary 
variations must be excluded. Moulds in plaster 
of Paris are taken from the models, the surface 
of the latter being smeared with soft-soap to 
prevent adherence. The moulds are made in 
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128. SPANDRIL AND BALUSTER IN BI-COLOUR TERRA-COTTA 
By courtesy of Messrs. Doulton <& Co. 

sections in wooden boxes, and a large number 
of moulds can be taken from any model, but 
the moulds themselves have often to be renewed 
after a single filling. The clay must be well 
filled into the moulds, and after removal it may 
bo slightly touched up ; and any under-cut 
features are formed at this stage. 

Drying and Burning. The blocks are 
dried slowly with extreme care, and shielded 
from draughts, it being of great importance 
that all parts of the mould should dry uniformly. 

About half the shrinkage that takes place occurs 
during this process and before firing, and if one 
part of the block dries more rapidly man another, 
fine cracks may be set up and distortion occur. 

When properly dried, the material is burnt in 
a pottery kiln in which the temperature is 
raised slowly, maintained at the requisite 
temperature till burning is complete, and 
allowed to cool slowly ; the object throughout 
being to ensure that the further shrinkage which 
must occur during the process of burning shall 
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be uniform in character. It is largely on this 
account that the blocks of material are moulded 
hollow ; for were the blocks solid* and *of large 
size, there would be a tendency for tho outer 
faces both to heat and to cool more rapidly than 
the centre, and cracks would be set up. 

Marking and Filling the . Blocks. 
The manufacturer marks and numbers every 
piece in accordance with general drawings, *vhioh 
show every block, and in building them in care 
must be taken to see that the blocks are used in* 
the situations for which they are designed. On 
delivery at the building, the blocks must be 
carefully stored till required, and for most 
purposes, before fixing, the cavities or chambers 
in the blocks are filled up with fine concrete; 
they should be completely immersed in water 
for at least two hours before this is done, and 
the operation should on no account take place 
in frosty weather. 

Lime concrete was formerly always used for 
this purpose, as having no tendency to expand 
and split the blocks while setting ; but with 
the modem improvements in the 
manufacture of cement it is possi 
bio to use a thoroughly cool Port- 
land cement without any fear of 
expansion sufficient to split the 
block. Tills process of filling adds 
strength to the block ; it also adds 
weight ; and in cases where lightness 
is of importance, as, for example, 
in a built-up comice of consider- 
able projection, it should be used 
in the lower blocks, whose principal 
bulk rests on the wall, to give sta- 
bility, while the overhanging um>cr 
parts may bo left unfilled. The 
open side of all such chambers is 
always arranged so as to come on 
tho inner face of the block, and is 
entirely concealed within the wall. 
In floors, and in j^rotecting steel 
work, the blocks are not filled, as 
the air space thus formed is a 
useful protection in itself. 

Jointing Torra-cotta. Wlien every 
care is taken, it is, in most cases, impossible 
to avoid some slight irregularity in the form of 
various blocks, so that were a straightedge 
applied to any plain surface, it would not 
found absolutely true, and it is not possible, 
therefore, to lay terra-cotta with a fine joint, 
such as is used with squared masonry. The 
joint is usually rather thicker than an ordinary 
brick joint, and may be as much as | in., which 
should suffice to allow of any permissible 
irregularity being adjusted; it is necessary to 
bear this in mind in setting out terra-cotta work. 

To avoid disputes during the progress of the 
work, it is usual for sample blocks to bo dc- 
t^ited with the architect, showing the extreme 
limit of deviation from a true straight line that 
will be permitted; samples should also show 
the extreme range of variation in tint per- 
mitted, and if more than one colour is to be 
employed, this may be done for every colour 
to be used. 
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Setting the Blocks. In setting terra- 
cotta, the sali|^t angle of which is moulded, or 
which carries a group of mouldings, as, for 
example, in a string or cornice, the setter must 
select the most prominent or important moulding 
by which to regulate his setting ; for it will 
prove impossible, in some cases at IcAst, where 
several mouldings occur, to set the block so that 
all the mouldings will run on in true lines, 
^very effort must be made to minimise the 
irregularity, and if the salient angles and 
important mouldings are free from obvious 
defects, the sn^aller intcjrmcdiate mouldings will 
not attract attention, though small variations 
in line occur. 

Colour of Terra»cotta. The colour of 
terra-cotta depends partly on the composition 
of the earth and partly ort the temperature at 
which it is burnt. The usual colours to which 
terra-cotta is burnt are buff, red, white, and 
black, the last-mentioned being really a deep 
grey ; two or more colours may be combined 
in a single elevation ; or one colour may be 
selected for the terra-cotta and 
combined with brickwork of a 
colour that will harmonise with 
or form an effective contrast 
with it. Various other colours 
may be produced on terra-cotta 
surfaces, and while the surface 
is, as a rule, perfectly plain and 
smooth, terra-cotta is sometimes 
given a surface texture resembling 
that of masonry, or one somewhat 
resembling marble, as in the Savoy 
Hotel, London. 

Its use may be confined to the 
more ornamental parts of a facade, 
such as the strings, cornices, and 
dressings round window and doors 
[120 and 126] ; it is then described 
as moulded or enriched work ; or 
it may be used for plain walling, 

BO that the entire external surface 
of the building has a uniform 
facing of terra-cotta. In towns 
where the atmosphere is smoky, this latter 
treatment insures that the original appearance of 
the building will be less alTccU^d by the deposit of 
soot than where bricks with a rough surface 
are mingled with it. Where colour is applied 
to the surface of terra-cotta it is possible for 
decorative purposes to use more than one colour 
on the same block [128]. 

Forming Heads of Openings. The 
limitation in the size of blocks has been 
mentioned ; in particular, it may be well to 
point out that a block, in w'hich the length 
greatly exceeds either the breadth or thickness, 
is more liable to distortion than one in which 
all three dimensions are approximately the same. 
As a result of this limitation, it is impossible in 
terra-cotta construction to use long blocks as 
heads or sills to openings, or as mullions or 
transoms, in the manner usual in masonry. 
Such members, when emnloved, must be built 
up of a series of small blocKS. In arches the 
ima-cotta is formed into blocks of voussoir 


shape, as in \ne , case of masonry or gauged 
brickwork, but the blocks are much broader 
in face than is the case with brick voussoirs. 
In the cose of a head the form known as a fiai 
arch^ already described in brickwork, is em- 
ployed ; in such cases, in addition to using the 
voussoir form for the blocks, the joint is further 
strengthened b^^ the use of }ogijUs, which servo 
to interlock the various blocks, and greatly 
strengthen the arch [120]. 

The Use of Joggled Joints. These 
joggles may run throughout the thickness of 
the block from the face to the back, in which 
case they will appear on the surface, or they may 
be concealed. In the latter case, they are 
stopped about 2 in. from the face, which has the 
apj>earanee of a plain voussoir, the interlocking 
being arranged on the inner part of the block. 
Various forms of joggles are employed. A 
common form consists of a small semi circular 
protuberance on one side of a Vjlock, which fita 
into a corresponding recess in the next block. 
Another method consists in breaking the lines 


enclosing the sides of the voussoir at about the 
centre of the length of the block, so that a 
narrow seating or rebate is formed. Both these 
forms, if executed in masonry, involve much 
labour and waste, and are rarely employed for 
lintols ; but in forming the moulds in terra-cotta, 
little extra trouble or expense is involved, and 
the strength is considerably increased. 

Forming Transoms and Mullions. 
In forming a transom, which is a horizontal bar 
dividing an opening into two heights, a springer 
is built into the jamb, and if there be a mvllion, 
which is a vortical bar dividing the opening into 
two widths, into the mullion also [120]; if tho 
width of the opening be moderate the intermediate 
length of transom may be formed in a single piece 
with a rebated and splayed joint as in a flat 
arch ; with a wide opening it may be necessary 
to treat the transom as a flat arch formed of 
voussoirs. Mullions are built up of several 
blocks of terra-cotta placed vertically one above 
another. .In the case of both mullions and 
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tranBoms it sometimes happens Chat the face 
is exposed to view all round, and in such cases 
the block cannot be formed with an opening 
at the back ; it is then usual to leave both ends 
partially open in forming the blocks. 

Forming Sills. Sills, like heads, must 
be formed in short lengths; in jointing them 
care should be taken to keep the first joint 
some little distance within the inner face of 
the jamb, or water running down the jamb 
will easily penetrate the joint. A terra-cotta siil 
may be grooved for a water-bar, as is usual with 
a stone sill [121], or a projecting tongue may be 
found on its upper surface which will fit into a 
groove in the wood sill and prevent any water 
passing under the latter [122]. Where the sill 
receives the jambs or a mullion, a small part of 
the jamb or mullion is formed in the same block 
as the sill, and forms a atooling. 

Bonding the Jambs. In bonding the 
jambs of such an opening, in addition to in- 
creased width on the outer face, the blocks 
may be increased in thickness from back to 
front, so that a part of such blocks is built into 
the internal jamb whether it bo square or splayed, 
the object of such projection being to improve 
the bonding of the jamb. 

Stopped Mouldinga and Corbels. 
Wherever a horizontal moulding does not run 
out, but is stopped and finished against another 
surface, it should be not merely butted against 
it, or in the case of a splayed surface, cut up 
against it ; the moulding should be properly 
stopped against a terra-cotta face formed in 
the same block with it, and built into the 
abutting wall so as to give it a proper seating, 
and prevent wet entering at the joint [123]. 
Corbels should be formed in the same way ; the 
projecting corbel, which may be moulded and 
enriched, should have a square seating in one 
piece with it for building into the wall. Large 
moulded corbels are sometimes built up of two 
or more courses of terra-cotta, to carry a bay 
window on an upper floor. These may start 
from the face of a straight wall and in the upper 
courses be worked into the form of an octagon or 
other polygonal figure, or of part of a circle. 

Faience. Faience is a malarial somewhat 
akin to terra-cotta, and has been a good deal used 
in recent years for external as well as internal 
surfaces of walls. It is used in blocks sijLiilar to 
terra-cotta blocks, but these are formed of stone- 
ware, and it can be made in rather larger sizes 
than terra-cotta. Stoneware is burnt from the 
plastic clays belonging to the Lias formation, 
which are found largely in the South of England, 
in Dorsetshire, and Devonshire ; these clays 
contain about 76 parts of silica and 24 of 
alumina, with very small parts of other 
ingredients. In manufacture the clay is mixed 
with some unshrinkable materials, such as 
powdered burnt stoneware, groimd flints, or 
sand, to prevent excessive shrinkage. The 
mixture is moulded like terra-cotta and carefully 
burnt in kilns at a high temx>eratm'e, and 
becomes thoroughly vitrified throughout The 
’surface may be moulded or enriched much like 


terra-cotta; the material itself is not suitable 
in appearance for facing, but is covered with a 
glaze which may be arranged of almost any 
colour or tint, and permits of great variety in 
surface enrichment, producing, if skilfully treated, 
a varied, clean, and reliable surface, not liable 
to change its colour or to collect soo»t or dirt. 
The glaze employed may be on opaque glaze, as 
in the case of enamelled bricks, or a Semi-trans- 
parent tinted glaze, which, with a slightly 
modelled surface, covers different parts of the* 
block with var3ring thicknesses of the glass, 
moducing delicate gradations in the tints. 
It is sometimes necessary with transparent 
glazes to cover the natural surface of the stone- 
ware with a finer material composed of fine clay 
and applied as a slip to the terra-cotta before it 
is burnt, and this in turn receives the glaze and 
shows through it. So far as its use and applica- 
tion are concerned it is arranged for and treated 
in a manner similar to terra-cotta. A good ex- 
ample of its external use may be seen in a 
printing establishment at Bristol, erected by 
Doultons, Ltd. 

Terra-cotta and Faience in Internal 
Work. These materials are not only used 
for external work a-» a substitute for masonry, 
but they are much employed in the interiors 
of buildings, and are of special value where 
it is desired to protect ironwork from the 
direct action of fire. Light terra-cotta blocks 
formed by burning a mixture of clay and saw- 
dust, of which the latter burns out leaving a 
porous material, are much employed as a kind 
of permanent centre between the* small joists in 
several kinds of fireproof floors [127]. These are 
usually about 2 ft. long, varying in section, and 
concrete is filled in above them ; but the blocks 
are as a rule hollow, and are not filled with 
concrete. In other cases more solid floors are 
constructed, as flat arches and the springer 
blocks are made of such a form as to encase 
the flange of the girder which supports the arch, 
and for the sake of lightness such blocks are 
not filled with concrete. Terra-cotta blocks 
are employed also to form partitions in place of 
brick, and are also used hollow ; in all such 
work the terra-cotta is usually concealed from 
view by a coating of plaster, and the surface of 
terra-cotta, when it is intended to be so covered, 
is frequently provided with a series of dovetailed 
grooves to give a key to the plaster which does 
not adhere perfectly to the smooth terra-cotta 
face. Where it is desired to display this covering 
or casing in the finished work and to treat it 
decoratively, faience may be applied and may 
be built up bo as to enclose columns or stan- 
cheons [126] ; but for such work the material is 
sometimes used, not in blocks of considerable 
thickness as for external bui!ding, but in slabs 
of about 2 in. or less in thickness ; the outer 
surface moulded, modelled, and enriched with 
coloured glaze, the inner surface often keyed, 
when it may be used as a facing to concrete 
filled in round the ironwork. Internal wall) 
and partitions majr also be lined with Faience 
for purely decorative effect and render the use 
of appropriate designs possible [1291. 

B.ELSEY SMITH 
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• * Sharks and Rays. Sturgeons. Bony Fishes. Lung-Flshes. Lampreys 

and Hags. Lancelets, Sea-S4ulr(s» and Acorn-headed Worms. 

FISHES & PRIMITIVE VERTEBRATES 


F ishes are aquatic, cold-blooded vertebrates 
with a defensive armour of scales or bony 
^ plates embedded in the skin. They breathe 
throughout life by means of gills, which are deli- 
cate folds or filaments connected with openings 
(gill slits) in tho sides of the throat. Flattened 
expansions of tho body — fins — arc present, some 
of which, unpaired, are in the middle line, while 
others, paired, correspond to tho fore and hind 
limbs of amphibians and the like. All the fins 
are supported by firm rods, the fin-rays. 

Classification of Fishes. Four qrders arc 
recognised — namely; (1) Sharks and Rays 
{Elasmobranchii ) ; (2) End-Mouthed Fishes 
(Teleostomi), divided into tho three sub-orders of 
(a) fringe-finned fishes (Crossopterygii), (h) stur- 
geons and their allies (Qanoidei), (c) bony fishes 
(Teleosiei), including the most common forms — 
for examine, salmon, cod, mackerel, eel ; (3) 
Lung Fishes (Dipnoi); (4) Lampreys and 
Hags (Cydostomata). Tho last two ordei-s differ 
so much from the others that they are often 
considered as separate classes. 

Order 1. Sharks. The sharks and their 
small allies the dogfishes are the typical 
members of this order. The body is spindle- 
shaped, and well adapted to make its way 
through tho water by wriggling movements from 
side to aide. Propulsion is furthered by the 
largest of the unpaired fins — namely, the caudal, 
or tail fin, in front of which, on the upper side 
of the body, are two others of similar kinds, the 
dorsals, which help to balance the fish in tho 
water. Tho front pair of paired fins (pectorals) 
are capable of a certain amount of movement, 
and help in steering the course, while the hinder 
paired fins (pel vies) are used as subordinate 
aids to swimming. 

Tho unsymmotrical shape of tho tail fin is 
particularly noteworthy, and is well seen in tho 
illustration of a porbeagle shark [24]. These 
creatures are chiefly ground-feeders, and when 
they swim forwards without steering this sort of 
tail enables them to move directly downwards to 
tho sea floor, which constitutes their chi<*f area of 
operations. But by axipropriate movements of 
the pectorals they can also swim straight ahead 
or obliquely upwards as may be desired. 

It is characteristic that in members of this 
order the mouth should be on the under side of 
the head, a somewhat inconvenient situation, 
since to seize its prey tho fish is obliged to turn 
over on to its back. Five gill slits arc visible 
on either side in front of tho pectoral fin ; 
and just behind the eye there is an aperture 
known as tho spiracle, which is the opening of a 
gill slit that is losing its use as a breathing organ, 
and serves to conduct waves of sound to the 


internal orgS^ns of hearing which arc possessed 
by these fishes. 

Tough Skin and Flesh. The skin of a 
shark or dogfish is extremely rough, owing to tho 
presence of little, bony structures, the plncoid 
scales, which closely resemble teeth in nature. 
Indeed, near the edges of the jaws they gradually 
jTass into teeth, which may be considered as 
evolved from modified scales — from which it 
follows that the possession of teeth by mammals, 
reptiles, and amphibia ])oint8 to their descent 
from fish-like ancestors. Owing to the fact that 
the skin of a shark is full of sliarp scales, it is 
capable of being used, under the name of “ sha- 
green,” for various polishing operations. The' 
skin is also used in the manufacture of a kind of 
leather employed for ornamental purposes. 

Sailors have long been in the habit of indulging 
in shark steaks, and the question has been 
raised as to whether dogfidics, the plague of 
fishermen, might not be used as food. The 
question can no doubt bo answered in tho 
affirmative, and, as a matter of fact, these fishes 
are often exposed for sale in some of our jiorts — 
Dover, for examine. 

Rays and Skates. Those well-known 
fishes [6], rhomboidal in form, with a long, 
slender tail, are closely related to the sharks an<l 
dogfishes, with which they are connected by a 
series of transitional forms. They constitute an 
important article of diet. Tho edible part, from 
which ‘‘ crimped skate ” is prepared, consists of 
tho triangular sides or “ wings ” of t he body, 
which arc no other than the enormously enlargetl 
pectoral tins. Sharks, dogfishes, and skate aiiki' 
are “gristly fishes,” their skeletons being mostly 
composed of gristle, commonly hardened by 
the deposition of salts of lime*. 

Tho eggs of these forms arc large, owing to 
the presence of a great deal of nutritive matter 
(food-yolk). They are fertilised internally, and 
may either develop within the body of the motlu r 
or bo laid in horny cases, known i)opularly as 
“ mermaid’s juirscs ” [18 J. 

Order 2. End-mouthed Fishes. The 

name of this order is derived from the fact that, 
as a rule, the mouth has been shifted forwards 
to the front end, which is undoubtedly the most 
convenient place for it. The gill slits are jiro- 
tectod by a flap, the gill cover or operculum, and 
the skeleton is more or loss bony. A swini- 
bladder containing air is commonly present, its 
primary use being to help in balancing. The 
three sub-orders must be considered separately. 

(a) Fringe-finned Fishes. These an- 
cient forms are so called because the paired fins 
are in the form of large paddles bordered by a 
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membranous fringe supported hy fin-rays. At a 
remote epoch of the' euHh’te history they ^ero 
represented by numerous ‘rtiarine types, but by' 
pressure of competition were gradually driven 
into estuaries ahd rivers, and now only include 
two fresh-water African fishes. These are the 
bichir of the Nile {PobjjjteruS)[t'\ anU the slender 
reed-fish {(Jalamoichthyfi) [21], which lives in tho 
rivers of Old C^alabar. These forms are covered 
by rhomboidal bony plates, the tail fin is rounded, 
and there is a series of little finlcts, each supported 
by a strong spine in front, running along the 
middle of the back. 

(b) Sturgeons and their Allies. Here 
are included a small number of primitive fishes 
inhabiting the fresh waters and (‘stuaries of the 
Northern Hemisphere, and in many cases so dis- 
similar that they would not be grouped together 
if it were, not for the evidence ufiorded by 
extinct forms; This clearly shows that they 
are the surviving remnants of what was once a 
dominant marine grou]), and owe their preserva- 
tion to the fact that they have taken refuge 
in the waters of the land, whore the struggle for 
existence is not so keen as in the sea. 

We may employ the term “ray-finned” in 
describing these fishes, for f he thickened bases of 
the paired- fins are largely absorbed into the 
body, so to speak, while their projecting parts are 
thin and supported by diverging fin-rays. The 
bony pike (Lepidoslens) of North America is 
clothed in bony armour, and its strongly toothed 
jaws are drawn out into a sort of narrow beak [9]. 
The widely distributed sturgeons are distin- 
guished by the possession of a long snout,, 
used apparently for stirring up mud in order to 
secure worms and other small creatures as food. 
The small mouth is on the under side of the body, 
as in sharks, to which anpther resemblance is 
afforded by the extremely unsyrnmetrical tail, 
in relation to the ground-feeding habit. Armour 
is sometimes entirely absent, or may be repre- 
sented by large keeled plates, as in our only 
native form, the common sturgeon {Acipenser 
sturio), sometimes to be seen in fishmongers’ 
shops! 4). The swim-bladders of European species 
are made into isinglass, and their hard roes 
are salted to be sold as caviare. 

The bow-fin (Amia) of North America is not. 
so archaic in appearance as the forms so far con- 
sidered [12]. The tail is rounded, and the body 
covered with thin, flexible, overlapping scales. 

(c) Bony Fishes. This large and dominant, 
group, which still appears to be on the up-grade, 
includes the great majority of existing species,, 
and represents the most perfect product of evolu- 
tion, so far, along the fish line. It is true that 
sharks . and rays (including something less than’ 
300 species) are still flourishing, but the im- 
portant forms now to be considered embrace no 
less than 7000 species, in round numbers. 

The distinctive characters of bony fishes' can 
largely be explained as adaptations to swift and' 
accurately directed swimming. Some of them will 
readily ^ appMciated by examination of a 
herring, trout, or mackerel. The body is shaped 
like a rounded wedge, somewhat flattened from 
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side to side, and eminently suited for sliding 
through the wat?ir with the minimum of frictidrl? 

Frietion is stillfurther reduced 'by the covering 
of thin, flexible, horny scales, batl^ed io a.. slimy 
secretion. Propulsion* is effected by lateral 
undulations of the body, the 'effect' bf which is 
greatly enhanced by the powerful tail; fin; ^he 
cumbrous armour- plating of the more ancient 
types has of necessity been abandoned, though 
it has been re-acquired by a few sluggish forms; 
and safety from foes is sought in speed rather 
than in defence. But as adequate support is 
required by the body, and firm attachments > 
for the powerful muscles, the loss of »: strong 
external skeleton is fully compensated for by- 
thc presence of a Very elaborate internal skeleton 
Largely consisting pf bone [26]. ‘ . : 

The task of supporting the body in the water ' 
in to some extent lightened by ihe presence of, 
a swim-bladder situated ’immediately below* 
the backbone, obviously the best position fori 
maintaining the balance. This organ is in 
reality a pouch, which grows out from the' 
front part of the digestive tube, with which 
it may remain connected throughout' life, as' 
in the herring, or from which it may get 
separated off, as in cod. 

Parachuting Fishes. It is ])articularly 
interesting to notice that in these fishes the. 
tail fin is externally symmetrical, so that in un- 
.steered swimming the course is straight ahead., 
A rcnnarkable exception is afforded by the flying, 
fishes, where the forked tail is markedly un- 
symmetrical, but with a large lower lobe, clearly 
for the purpose of giving an upward tendency 
to undirected swimming. And it is well known 
that these fishes, especially when pursued, 
by their enemies, are in the habit of rising out. 
of the water, and remaining for some time in tht‘, 
air, to which their enormous fore-fins, used tis, 
parachutes — not as wings — offer a very large 
supporting surface. 

There can.be no doubt that backboned animals 
were originally evolved in the sea, and it is 
therefore only to be expected that the organs 
of respiration and circulation in fishes should 
have become adapted to an aquatic life. Indeed, 
as wo have previously had occasion to. notice, 
the backboned animals of the land have been 
obliged to grapple with the difficulty of modif 3 rlng 
the fish type of circulatory organs to suit vthe 
exigencies of terrestrial life. Amphibians and. 
reptiles have .done . this to some extent; but 
only birds and mammals have completed the. 
process, and it is to this fact that their success 
in life is due. , 

Structure of Gills. Anyone who takes 
the trouble to lift up the gill cover of a herring, 
or other bony fish, will at once see several 
comb-shaped aggregates of scarlet gill filaments,' 
collectively presenting a large surface for the 
purification of the blood [15]. .They are attached 
to narrow bony bars, between ^ich are the 
gill slits. The course of the water used in breath- 
ing can easily be observed in an aquarium of 
goldfish. It is taken in at the mouth, passes 
through the gill slits over the gills, and thence 
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to the exterior. The heart receives impure 
blood from all parts of the body, pumps it 
to the gills for purification, and from these it 
flows to all the organs. 

Many points in the life-liistorics of bony 
fishes are worthy of special study. The small 
eggs are fertilised externally, and in the large 
majority of marine species float on the surface 
of the water, though some of them — for example, 
those of the hemng — are sticl^ and adhere 
to stones, etc., on the, bottom. In some of the 
shore fishes, such as the little blennies, they 
are enclosed in protective capsules. The fry, 
or larvae, which hatch out from the eggs arc 
v’cry unlike the 'adults in appearance, and 
have to pass through many changes before 
acipiiring the characters of the species to which 
they may happen to belong. Both eggs and 



18. Angler - fiKh. 14. Stoniijis. 15. Gillg of Penh. 
10. Saccor)h;irynx. 17. Gurnanl. 18. MermaiO’a imrsos 
(A. DogllBh; a. Hkate). 19. Pipe-llBh. 20. Macrurus. 

81. Rccd-flsh. 22. Malaconteus. 23. Lamin’cy. 

A. Pectoral lln. o. (>111 cover, k. Pouch, r. Gills. 

0. Nostril. H. Gill Blit4 

fry are eagerly sought out as food by a host 
of enemies, but they are produced in immense 
numbers, so that extinction is prevented. The 
hard roe of a cod, for instance, has been calculated 
to produce over nine million eggs each season. 

Colouration. The colouration of fishes is 
to a large extent jirotective, rendering them 
inconspicuous by harmonising with the sur- 
roundings. Seen from above, the darker upper 
side is confused with the dark sea-floor ; seen 
from below', the white or pale under surface 
blends with the glimmering background caused 
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by the penetration of light into the water ; 
seen from the side, the “ revered shading*” 
takes away from the appearance of solidity, as 
already described for many of the backboned 
animals of the land. In many eases the colours 
change to suit different surroundings.* During 
the spawning season some fishes, usually the 
males, assume bright courtship colours. The 
most familiar example is that of the little stickle- 
backs {Gasterosteus) of our inland streams, in* 
which at this time the male (then known as a 
“robin”) arrays himselt in a scarlet livery^ 
and is unusually fighting to th^ 

death other suitors who attempt to interfere, j 

Care of ^he Young. Parental affection 
among fishes is usually notorious by its absence} 
But to this there are some honourable exceptions, 
and in such cases few'er eggs are produced, 
for each has a better chance of hatching out 
into a larva destined to attain maturity. In 
one of the fresh-w'ater catrishi‘s (Aspredo), 
for example, the eggs are attached to the 
roughened under surface of the mother's body. 
Strange to say however, it is to the paternal 
side that we must mostly look for examples 
of the care of eggs or young. The sticklebacks 
are well known in this connection. The male 
constructs a muff-shaped nc'st, made up of 
fragments glued together by a sticky secretion 
of the kidneys. In this his wives lay their 
eggs, which he jealously guards till they hatch 
out, a procedure' rendered necessary l>y the 
depraved cannibalistic tendencies of the females ; 
and when the liny fry emerge he protects them 
for some time. The male of the curious little 
seahorse (Hippocampus), which holds on to 
seaw'oeds by means of its curly tail, has a sort 
of pouch on th(^ under side of the body, in which 
the eggs pass through their development, and 
which servos as a city of refuge for the fry [3J. 
The same is true of the pipe-fish (Syngnaihus), 
a related form [19]. 

Salmon and eels are curious instances of 
precautions taken for the benefit of th(i rising 
generation. It is a familiar fact that the former 
ascend rivers to spawn, the eggs being deposited 
in a sort of trench scooped out in the gravel or 
sand at the bottom. Exactly the reverse is 
true of eels, for it has been discovered of late 
years that they descend rivers to spawn in the 
deep sea, from which later on the little “ elvers 
return to the proper homo of the species. 

Adaptation to Circumstances. The 
great bulk of bony fishes resemble the herring 
and trout in shape, but there are, of course, 
considerable differences in detail, which may 
be illustrated by comparing the^ blunt-headed 
gurnards [17] with the sharp-snouted sword- 
fishes [7J. There are also very considerable vari- 
ations in the character of the fins, and even their 
number in the case of those which are unpaired. 
The original position of the hind fins (pelvics) 
appears to have been pretty far back, but 
there is a tendency for them to shift forwards, 
till in some cases they lie under the throat [25]> 
being actually in front of the fore fins (pectorcUs). 

But there are far more considerable deviations 
from the average type than those just mentioned. 
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Sometimes the body is long and narrow, as in A considerable number of bony fishes arc 
pipe-iishes[li|| and eels. In the former an advan- flat in shape, the flattening being from side 

tago is gained when prey is being stalked on the to side, not from above downwards, as in skates 

sea-floor, for a body so shaped is veiy incon- and rays. Some8uchforms,forexample, the John 

spicuous when seen from the front. The slimy Dory (Zeus faber), swim with the body vertically 

cylindrical eel can easily wriggle through mud disposed, and are likely to escape the notice of 

in the search for worms and molluscs. The sea- prey which happen to be in front of them ; 

horse a fairly near relative of the but the Hat nshes par excellence (turbot, solo, 

stickleback, is sufficiently remarkable [3]. The plaice, and the like) are ground forms which, so to 



• 24. SKELETON OF A PORBEAGLE SHARK 25. SKELETON OF A CODFISH 

A. Dorsal fln. b. Tail flu. c. Peloric flu. d. Poct<iral flu. e. Gill arches, v. Gill cover, o. Eye. ir. Jaws 


long axis of the body is hero directed upwards, speak, lie down on the right or loft side of the 

and the head has been sharply bent down, as body, and either shuffle along or swim by un- 

otherwise it would be in an unfavourable dulating movements. In a plaice, for example, 

position for seeing and seizing food. This the dark surface of the body, mottled with 

curious little fish is able to swim in a vertical orange spots, is not the upper but the right side, 

position by the rapid movement of the dorsal while the pale left side is directed downwards, 

fin from side to side. It is obvious that the left eye, if retained in its 

Methods of Securing proper place, w'ould not 

Food. Sometimes the head ^ ^ merely be useless but liable 

is of disproportionate size, > I to injury by friction against 

as in some forma which are ^j|||fi|iS8^2SS2SS!S^ sea-floor, and in the 

not good swimmers, but lurk i course of development it 

under stones or elsewhere on ^ moves round the edge of the 

the look-out for prey. The ^ , head on to the right side. To 

bullheads of our shores and 28. lani^elet begin with, the young fish is 

streams are examples of this, a. Tall flu n. Mouth symmetrical, and swims in the 

A still more conspicuous usual fashion, but gradually 

case is that of the angler-fish, or fishing-frog becomes lop-sided and takes to living on the 
(Lophitis) [13], which half buries itself in sand bottom. It is then that the left eye shifts its 
or mud, awaiting the approach of little fishes, position. In most fiat fishes both eyes are on 

which are attracted by a peculiar “ lure ” the right side, as in the jilaice, but in turbot 

constituted by a much elongated fin-ray with and brill they are on the left, 
a flap at the end. Such curiosity is commonly The most remarkahlc and weird -looking hony 
fatal, and there is no escape from the huge fishes live at great depths in the sea, and suggest 



27. SIMPLE 28. LARVA OF 29. A GROUP OF COLONIAL SEA-SQUIRTS 30. BALANO- 

sea-squirt sea-squirt GLOSSUS 


mouth, with its long, sharp, backwardly curved 
teeth, which bend down to facilitate entry, 
but render exit almost impossible. There are 
some deep-sea anglers in which the lure is 
phosphorescent. 

Sometimes the body has acquired a rounded 
shape, as in the globe-fishes (Diodon and Tetrodon) 
of tropical seas [10]. These are able to blow 
themselves up with air and drift about back 
downwards with their sharp spines erected for 
defensive purpos^. The coffer-fish (Ostracion) 
also deviates from the normal type, and is 
further distinguished by its armour of bony 
plates [11]. 


dream visions caused by acute indigestion raf her 
than matter-of-fact living beings. Stomias ( 14], 
malacosteus [22], macrurus [20], and sacco- 
pharynx[16] arc extremely voracious, with huge 
mouths and business-like teeth, and their eyes 
are either very large or much reduced ; sonKJtimcs, 
indeed, absent. Many are studded with phos- 
phorescent organs; and without light of this 
kind, supplied by various creatures, the abyss 
of the ocean would be dark indeed. Probably 
these unfortunate creatures have been driven into 
the deep sea from shallower waters by the stress 
of competition, and their peculiar characters 
are adaptations to an unusual sort of life. 
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Order 3. Lung-Fishes., It may be 

taken as an axiom that in all cases where more 
or less impure blood is separated by a thin 
membrane, either from air or from water in 
which air is dissolved, a certain amount of 
respiration will take place — that is to say, 
oxygen will dilfuse into the blood, and the 
waste product, carbonic acid gasf will diffuse 
out of it. The swim-bladdc'r of fishes offers an 
opportunity of this kind, for numerous blood- 
vessels run in its walls, and it contains air, or a 
mixture of gases, of which one is oxygen. It 
is well known that in the polypterus of the Nile, 
the bow-fin of the North American lakes, and 
certain bony fishes inhabiting fresh water, 
breathing is furthered in this way. The process 
has gone a stage further in the lung-fishes, 
which are at present represented by three 
fresh-water types, the insignificant remnant of 
a group that was once dominant in tlie sea, and 
would have become entirely extinct if some of 
its members hsid not taken to live in the waters 
of the land. These types are th(‘ eel-shaped mud- 
fishes of West Africa (Proto pterun) and South 
America (Z/€pi(/().sire?i) 1 8J, and a Queensland form 
(Ceralodtiis) [2]. In all these the swim-bladder 
has been converted into a regular lung, which 
r(‘turiis purified blood to the heart. The African 
form lives in streams which are liable to dry up, 
and were it not for the possession of a kind of 
lung capable of breathing air would perish during 
the dry season, whereas it remains (unbedded in 
the mud in a torpid state till the rains return. 

The Queensland lung-fish lives under some- 
what different conditions, for its native rivers 
do not entirely dry up, but are reduced to a 
series of deep holes connected by mere trickh'S 
of water. These holes IxKJome so foul from 
decaying vegetation and dead fish that the 
possession of a lung is a vital matter, and if the 
ceratodus were not able to come to the surface 
and breathe air it would probably succumb. 

Order 4. Lampreys and Hags, These 
eel-shaped forms are represented in Britain by 
the fresh- water lampcrii (Peiromyzon fliiviatUis\ 
the sca-lamprey (P. marinas) [23 ], and the marine 
hag-fish (Myxine glutinosa) [ 5J. All of th(;se are 
jawless, and the mouth is in the middle of a 
sort of sucker, studded with horny teeth, some 
of which are also present on a so-called tongue. 

PRIMITIVE VERTEBRATES 

There are three chief features by which 
backboned animals are distinguished — namely, 
(1) the central nervous system is tubular, and 
is situated near the upper side of the body ; (2) 
underneath part or all of this a longitudinal 
supporting rod, the notochord^ is present at 
some time or other during life, being, as a rule, 
entirely or partly replaced by a backbone in 
the adult; (3) the throat is perforated by gill 
slits during part or all of life. If these characters 
arc taken as tests, the backboned animals include 
not only mammals, birds, reptiles, amphibians, 
and fishes, but also three other groups, the 
members of which fire unfamiliar to all but 
specialists. These are : (1) Lakcblets (jOephalo- 
chorda); (2) SlfiA-SQUiUTS or ^A scipiai^s (Tuni- 
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cata) ; (3) Acorn-headbd Worms (Hemichorda), 
and similar forms. 

Lancelets. The lancelot (AmpMoxus) [26] m 
a little, flattened animal some two inches long, of 
very wide distribution, and formerly considered 
as a primitive sort of fish. It is in possession 
of all three characteristics mentioned above, 
but, like the lampreys and hags and all primitive 
backboned animals, is jawlcss. It is sharply 
pointed at either end, whence the name, and 
burrows in shallow water where the s(^a bottom * 
is sandy. When feeding, it is embedded in the 
sand in a vertical position, and water flows into 
its bell-shaped mouth, serving both for breathing 
purposes and also to convey the minute organisms 
w'hich serve as food. 

Sea-Squirts. Living in the sea, and 
attached to various objects, are to bo found a 
number of curious animals resembling in shape 
one of the wine-skins of ancient times, and 
cov(‘red by u tough protective investment [27). 
There arc: two openings in the body, into one 
of which currents of water continually flow for 
feeding and breathing purposes, while waste 
])roduets of all kinds are as continually swept 
out of the otluT. On dissection we find that 
the equivalents of gill slits are present, but 
there is nothing to r(‘present a backbone, and 
the central nervous system consists of a little 
thickening between the tw'o openings of the 
body, which is no help to classification. From 
the eggs of this curious creature, tadpole -shaped 
larvte [28] hatch out, which satisfy all three 
of our tests, except that the notochord is 
limited to the tail region. Later on they be- 
come attached, lose their tails and notochords, 
and at the same time the central nervous 
system becomes reduced. 

Many of the sea-st^uirts arc colonial, consisting 
of a number of individuals connected together, 
and these may be cither attached or free- 
swimming [29]. 

Acorn-Headed Worms. The best-known 
members of this small group arc the acorn- 
headed worms (Balanoglosfius) [30], which 
burrow in mud by means of the projecting front 
end of the body, which alternately elongates 
and shortens, the second process pulling the 
animal forward. A short elastic rod by which 
this region is supported possibly represents a 
notochord, while numerous gill slits are to be 
seen on the upper side of the body, and the 
central nervous system, though ill-developed, 
is situated as in typical backboned animals. 

These creatures are protected by a disagreeable 
smell, and are brightly coloured, the two sexes 
differing in this respect. They are, perhaps, the 
nearest living representatives of fhe stock from 
which all backboned animals have descended. 

It is a matter of great doubt which group of 
the innumerable backboneless animals, which we 
must next consider, comes closest to the back- 
boned forms. There are, however, certain 
unsegmented marine worms (Nemertinea), devoid 
of gill slits, notochord, and hollow central 
nervous system placed dorsally, but approaching 
backboned animals in some respects. 

J. R. AINSWORyH-BAVIS 
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Decomposition of liquids. Electroiytes. The Mi[^ration of Ions. 
Deposition of Copper. Laws of Eiectrolyi^is. Electrochemical Processes. 

ELECTROLYSIS 


A LLUSION was made on page 369 to the 
^ circumstance that liquids conduct electric 
currents. All liquids do not ; for the oils are non- 
conductors. Those liquids that conduct may be 
divided into two classes; (1) those like quick- 
silver and molten load which conduct simply as 
metals ; and (2) those which conduct only while 
undergoing chemical decomiX)aition. To this 
last class belong solutions in water of innumerable 
salts such as alum. salti>etro, sulphate of copper 
(blue vitriol), and the metallic salts generally, 
acids^ solutions of alkalies, fused caustic alkalies, 
and fus^ salts. Absolutely pure water dews 
not conduct at all, but ordinary tap water, which 
contains small quantities of salts in solution, 
conducts, and is made a better conductor by 
adding a little acid or soluble salt of any kind. 

Electrolytes. Any liquid of this class 
was termed by Faraday an electrolyte, which means 
that it is decomposed when elec- 
tricity passes through it. A simple 
experiment will enable us to under- ^ // 

stand the fundamental fact. Place A\\ 
in a small glass vessel, as in 239, 
some water that has been rendero<l 
conductive by adding to it a few 
drops of sulphuric acid. Procure 
a small battery consisting of at 
least two cells, and with this 
battery send a current through the 
water by dip2)ing into it the ends 
of the two wires which lead re- 
spectively from and to the battery. 

The wire by which the current 
enters the water is termed the 
anode, and that by which it leaves 
the water to return to the battery 
is the kathode. If these wires are 
of copper it will bo found that, 


A. Anode 

while "tlie current is thus passing through the 
water, small bubbles of gas are given off at 
the kathode, while the anode becomes discoloured 
and will slowly dissolve, the liquid around it 
becoming of the blue tinge of copper sulphate. 
The bubbles which come off at the kathode, if 
examined chemically, are found to consist of 
hyrdrogen gas. This can be proved by collecting 
them in a test-tube and observing that they will 
bum. Let the experiment then be repeated, 
using bits of platinum wire to dip into the water, 
platinum being chosen because it is insoluble. It 
will then be noticed that bubbles of gas come off 
at both of the wires. The bubbles at the kathode 
.are hydrogen, but those given off at the anode 
are oxygen gas. It is one of the most elementary 
facts of chemistry that water is a compound of 
hydrogen and oxygen ; and in both these experi- 
ments water has been decomposed. When it is 


239 

LIBERATION OF 
BYDROOEN FROM WATER 
C Kuthodo 


required to collect the gases separately, wnth 
a view to measuring the quantities given off, the 
form of apparatu.s shown in 240 may used. 
With this the measurements can be made with 
extreme accuracy, and by the first law of electro- 
lysis [see later naragraphj this forms a funda- 
mental standara by which current-integrating 
instruments can be calibrated. When used in 
this way, the apparatus is Imown as a voltameter. 
When the copper wires were used in the water, 
the oxygen dia not bubble off, because it joined 
itself to the copper to form oxide of copper, 
which was rapidly dissolved by the acid in the 
water. 

Electrolysis. Dccompo.sition of a liquid 
by the passage of an electric current through it 
is a sort of electric analysis ; but this term was 
shortened by Faraday first to eleciro^analysis 
and afterwards to electrolysis. One of the most 
fundamental facts about the elec- 
trolysis of liquids is that the liquid 
is apparently not decomposed all 
along the path traversed by tho 
current in tho liquid, for tho pro- 
ducts of tho decomposition come off 
only at the electrodes, where the 
current enters or leaves tho liquid. 
When any acid is thus decomix^scd, 
hydrogen gas is produced, and it 
apparently travels through tho 
li(iuid, being carried invisibly along 
by the electricity, and is deposited 
at the place where the electricity 
leaves the liquid, namely at tho 
surface of the kathode. If strong 
hydrochloric acid is decomposed by 
a current, hydrogen is given off at 
the kathode and chlorine gas at tho 
anode. The substances such as 
oxygen, chlorine, sulphur, etc., which appear at 
the anode apparently ti-avel through the liquid 
in the direction opposite to that in which the 
electricity is travelling, and others, including 
hydrogen and all the metals, are invisibly con- 
ducted through the liquid in tho same direction 
as the electric current flows. There are various 
theories to account for this, but wo need not 
trouble about them. 

The Ions. Whenever electricity is passed 
through an electrolyte, some of the molecukjs 
are split up into two parts, which then travel 
opposite ways, one part going rvith the current 
to the kathode, the other part going against the 
current to the anode. To these travelling 
parts of the molecules Faraday gave tho name 
of the ions, a term of Greek derivation which 
means the things which travel. Iti some cases 
the ions consist chemically of simple atoms. 
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as hydrogen, or chlorine, or coppel ; in other 
eases the ion may consist of a group of atoms 
such as SO 4 or CN. Those ions which travel 
to the kathode are called kathiona ; those 
1 ravelling toward the anode are called anions. 

The following is a statement of a few electro- 
lytes and of the ions into which they are de- 
composed : • 


Electrolyte. 

Chemical 

Symbol. 

Kathion. 

Anion. 

Water 

Concontratod Hy- 

H ,0 

II 

0 

drochloric Acid . . 

HCl 

H 

Cl 

Common Salt 

NaCl 

Na 

Cl 

Sulphuric Acid 

H,S04 

H 

so. 

Sulphate of Copper 

CUSO4 

Cu 

S04 

Cyanide of Silver. . 

AgCN 

Ag 

CN 


Migration of the Ions. According to 
modern views each such ion possesses an 
elementary electric charge, positive or 
. negative, associated with the atom (or ^ 

atomic group) of matter. A positive AZ 

ion, consisting of an atom (of hydrogen 
or metal) associated with a positive 
atomic charge (or positive electron), f 
will, when subjected to an electro- 
motive force, travel in the direction of 
that electromotive force, while a nega- I 
tive ion, because it is associated with | 
a negative atomic charge (or I M I 

negative electron), will travel i |_J 

in the opposite direction, and ty 

will move toward the anode. It I p 

has Ixjcn shown that each kind I | 

of ion migrates with a definite I | 

velocity, proportional to the I I 

number of volts per inch of path I [| 

between the electrodes. I f 

Electrolysis of anode of | I 

Metallic Solutions, platinum foil Ijk I* 
Another very simple ox- | 

jxjriment [2411 in electro- 1 | 

lysis is afforded by the decora- 
position of a copper salt, and the m 

deposit of metallic copper. For | | 

this purpose procure an ounce ✓ — | | 
or two of the blue crystals of L 

sulphate of copper — often called 
blue vitriol — and dissolve a few 
of them in water, producing a 
blue solution. As they dissolve slowly, a / 
strong solution cannot be made in / 

hurry. Procure also a few strips of sheet r 
copper i in. broad and 4 in. or 5 in. long, tllcc 
and some similar strips of German silver. 

They should be carefully cleaned. Place the blue 
solution in a glass trough or a gloss beaker, or 
even in a common jam pot, and add one or two 
drops of ‘sulphuric acid to improve the con- 
ductivity. Use as source of current a single 
Leclanch6 cell. Connect copper wires to two of 
the copper strips, and join one to the carbon 
pole of the Leclanch^ cell, the other to the zinc 
polo. When all is ready, dip the two copper 
strips into the vessel containing the blue electro- 
lyte, and watch what dccurs during the next 
twenty minutes. If all is right, there will not 


be any bubbles of gas given off, but a deposit 
of fine red metallic copper will ocjpur on the 
kathode (the metal strip joined by wire to th# 
zinc pole of the cell), while the copper plate 
that serves as anode will be observed to become 
discoloured, and some of it will be dissolved. 
In fact, in this experiment copper is dissolved 
away from the anode and an equal quantity 
deposited on the kathode. The equality between 
the amount of copper dissolved off the anode 
and that deposited on the kathode can be tested 
by weighing both of them before the experiment 
is made, and by weighing them again afterwards. 
The gain in weight of the kathode ought pre- 
cisely to equal the loss in weight of the anode. If 
the eurrent has been too strong in proportion 
to the size of the kathode, or if the solution 
has been too weak, the loss and gain may not 
be equal, owing to the evolution of gases as 
well. After having thus deposited copper 
on a copper kathode, now try to deposit 
^ copper upon a strip of Gorman silver. 
Take one of th(i German silver strips and 
make it clean and bright first by scouring 
it with emery paper, then cleansing it 
from any trace of grease with caustic 
soda, and then washing it with dilute 
^ Hulpliuric acid. Join it by a copper wire 
to the zinc pole of the Leclanche cell (or 
a Daniell’s cell) and immerse it in the 
A copper solution. As anode in 

\ this experiment a copper strip 

HYDROGEN appro])riate. In a very 

: few minutes the white surface 

: of the German silver plate will 

L bo found to be covered with 

a beautiful film of red copper 
( firmly adherent to its surface. 

> In fact, it is now (jopper- 

/ ^kathode OF It 

■''‘^PLAriivuM to try to deposit 

! copper in this way upon 

^ surface of iron or zinc, 
because these metals are 
themselves electropositive 
^ to copper. If copper is 

.4 to be deposited on iron or 

zinc, an acid solution must 
^ot bo used, but a special 
alkaline cyanide solution 
ip^ 240 . THE VOLTA- copper. 

METER Laws of Electro- 

// iiiuBtratiuK the 1 y s i s . In the light 
V inethcxl of extmoting afforded above by the 
) paragraph on the ione, it 

is easy to see that there is 
a rational basis for the law of electrolytic decom- 
position first formulated by Faraday, that the 
quantity of chemical decomposition that goes on 
in any electrolytic cell is proportional to the 
total quantity of electricity that has been 
passed through the cell. So, if we know how 
much copper was deposited on the kathode by a . 
current of one ampere in one hour, it becomes 
a simple matter to calculate by nile-of- three 
how much copper would be deposited by any 
other number of amperes in any given time that 
the current is maintained. Experiment shows 


3120 





that a current of one ampere maintained for 
one hour deposits 18*22 British grains, or 11 81 
graftnmes of c?»pper. Since 1 lb. equals 7,000 
grains, it follows that to deposit 1 lb. of copi)er 
will require one amporo maintained for 384 
hours, or 384 amperes maintained for one 
hour. The simplest way of stating this is 
is to say that the deposition of 1 lb. of copper 
needs 384 ampere-hours. In the textbooks 
the cloctrolytie equivalents are generally given 
ill terms of the number of grammes deposited 
by one ampere in one second. For copper this 
equivalent is 0 0003281 grammes. 

Another of the laws discovered by Faraday 
is that when we compare different chemical 
elements with one another the amounts deposited 
electrolytically (by the same current for the same 
time) are proportional respectively to their 
chemical equivalents — that is, to the proportions 
in which in 
chemical re- 
actions they 
are equiva- 
lent for ex- 
change. The 
chemists 
take hydro- 
gen as stand- 
ard, and tell 
us that the 
amount that 
is “ equiva- 241. uecomi’OSItion of srLFHATB 
lent” for ex- of copper 

change pur- Anode K. Kathode 

poses to one gramme of hydrogen is 3rr)9 
grammes of copper, or 107*67 grammes of silver, 
and so forth. Hence we may construct a table 
of electrochemical equivalents as follows : 


Element. 

Atomic 

Weight. 

Va- 

lency 

Chemical 

Equiva- 

lent. 

Orammes 

]ier 

ampere- ; 
second, i 

Pounds 
for 1,000 
ampere- 
hours. 

H j tlroj^en 

1 

1 

1 

O’OOOOlOSbi 

0-824 

C’opper . . 

«3'18 

2 

31 -no 

0-(X)03281 i 

•27 

Silver . . 

107 -ttT 

1 

107-67 

0-(X)1118l ! 

•9 

(lold 

196-2 

3 

05-4 

o-oocm79i 

53-7 

Nickel . . 

68-6 


29-2 

0-0003043 

24-1 


Voltage Necessary for Electrolytic 
Decomposition. If we try to decompose 
water with the use of a single Daniell cell, 
whose electromotive force is 1*07 volt-s, or 
even a single I^clanch6 cell, whose electro- 
motive force is 1*5 volts, and terminal voltage, 
therefore, something less, we shall find that 
there is no evolution of gas at the electrodes if 
they are of a non-oxidisable metal, such as plati- 
num, and that no current is carried through the 
liquid. If, however, we use two cells, the process 
goes on as already described. The reason of this 
phenomenon is that a certain minimum voltage 
(1'47 in the case of water) is required to Ijreak 
up the molecules of the liquid into its positive 
and negative ions, and so enable them to bo 
deposited at the kathode and the anode. Under 
the influence of a voltage less than this the 
liqjuid is not conductive, and this voltage is a 
measure of the chemical affinity of the two 
elements or ions for one another. 


GROUP 16— RLKCTRIOITY 

If, howoverj^electrodes of zinc or of copper are 
used, f)ne coll will* decompose the water because 
each of the oxidisable metals lias an affinity for 
the oxygen of tlie water. Thus, for instance, 
copper has an affinity of about 0*8 volts for oxygen, 
and if a piece of copper is plact;d in water, or in a 
solution of a copper salt, it tends to dissolve into 
that liquid with an electromotive force of about 
0*8 volts. It does not, however, dissolve, because 
it could only decoinj)osc the water by tearing 
away H from O, and this needs 1-47 volts. But if 
one DanioU’s cell is applied, as in the experiment 
above, to the copper electrodes, the voltage of the 
cell adds itself to the affinity voltage of the copper 
anode, so that there is more than 1*47 volts acting. 

Energy Required for Depositing. 
In electrotyping, where the anode and kathode 
are both copper surfaces, eo/ch tends to dissolve 
back into the liquid, these tendencies being equal 
and opposite. Hence, when even the smallest 
electromotive force is applied, it will cause a 
small current to How from the anode to the 
kathode, for copper will be dissolved off at th<^ 
anode, and an equal quantity will be deposited at 
the kathode. In a reciprocal action like this, the 
energy required is only that necessary to drive the 
current through the ohmic resistance of the liquid, 
and it all disappears in the form of heat. In oth(?r 
cases, whore the anode and the metal deposited 
at the kathode, as, for instance, in the deposition 
of hydrogen in the electrolysis of water, a certain 
amount of work is required to overcome the 
chemical affinity of the constituents for one 
another, and an extra amount of energy is required 
which is transformed from electrical energy into 
chemical energy, which is rendered potential, and 
may be recovered and made to do useful work. 

Industrial Uses. Electro-chemical pro 
cesses are being increasingly adoJ)ted in in- 
dustrial work. A great j)art of the copjier used 
in electrical work is purified by being elect ro- 
chemieally deposited. Electrically dejwsited 
copper is so much jmrer than the ordinary 
product that its manufacture on a vast scale is 
a commercially profitable undertaking. 

Another extended apjdication is the manu- 
facture of bleaching and disinfecting solutions. 
In these cases solutions of common salt (sodium 
chloride) or mixtures of sodium and magnesium 
chlorides are elect rolystxl, with the result that 
free chlorine is liberated at the anode and 
dissolved in the solution. Many of the largest 
manufacturers of artificial silk and similar 
products find that this method of bleaching gives 
the best results. Weak chlorine solutions elec- 
trically produced are used in many large 
laundries. It is also possible to purify sewage 
by causing it to flow slowly between 
electrodes, the slightly saline liquid decom- 
posed by the current producing free chlorine, 
which deodorises the sewage and destroys the 
dangerous organic matter present. Electro- 
lytic action has recently been tried in hastening 
the process of tanning leather. By an electrolytic 
method the time is reduced from several months 
to about six weeks, without any deterioration 
in the quality of the finished product. 

SILVANUS P. THOMPSON 
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6R0UP 17— MUSIC ‘ THE UNIVERSAL LANGUAGE OF THE RACE— CHAPTER 24 


Ascending and Descending the Scale* Consecutive Phrases. 
The Seven intervals. Chords. The Pedals. Ear Training. 


HARP PRACTICE 


It is the dropping of water which wears away 
stone. To accustom the fingers, little by 
little, and gradually, in a way perhaps impercep* 
tible, to do their work with the least possible 
arm or wrist motion, the student, day by day, 
should practise Exercise 1, ascending the scale 
one note at a time. After completing each group 
of four notes, use special care to get the fingers 
ready for the fifth note. Try the right hand* 
first. Keep the first and second fingers down. 
Then try the left hand. 

Reversing the Order. Mindful that 
the endeavour must be to prevent and restrain 
the fingers from falling into errors which a good 
master would check, the self-trainer cannot be 


without interruption or break in the middle 
part. In changing the position of the hand, take^ 
care to bring the third finger down low enough 
to enable the second and first to get into their 
right places without undue effort. Bear in 
mind that, during this change of position, 
movement of the wrist or arm must bo guarded 
against. The left-hand fingering must bo carried 
out in the same way an octave lower down the 
scale. Practise each hand separately. Try 
to strike the strings with equal clearness and 
strength. When independent facility has been 
acquired, practise the aseending scale with 
both hands together in the manner shown in 
Exercise 4. 


too heedful in preparing the first finger while 
the thumb strikes tho first note ; the second 
finger when the first finger strikes ; the third, 
when tho second produces tho sound ; the thumb, 
when the third finger strikes, and so on. Try 
Exercise 2 with both hands, keeping the thumbs 
well up. 

Now attempt the scale, playing two instead 
of four notes at a time. Here a fresh difficulty 
presents itself. Tho beginner will find the 
manipulation of four successive strings easier 
than striking two and two evenly, while keeping 
the thumbs up close to the right string, at the 
same time that the third and second, and 
afterwards second and first, prepare themselves 
to strike. The strings must be struck with both 
hands simultaneously. Avoid the rat tat effect 
o£ a postman’s 


knock [Ex. 8]. ^ ““8®' 

Hitherto the 
hand has been 
preserved in one 
position. This 
has now to be 
changed. Take, 
for instance, the 
scale of C. 

As before, play a 

C,D,E with the 
third, second, 
and first fingers. 

Strike ' tho 
fourth note, P, 
with tho tliumb ; 
at the same time, 
however, pass 
the third finger 
under — below the thumb — to the fifth note, G. 
Get the second finger into position for the A 
while the G is struck. When the second'strikes 
the A, prepare the first for the B. Get the thumb 
ready tor 0 when the first strikes the B. . In this 
manner the successive eight notes are played 


[Same fingering both hands] 


In descending the scale, prepare the first finger 
for B, beginning with the thumb on the upper C. 
As the first finger strikes, get the second into 
position for A. Sound the A whilst the third 
gets ready for G. Now, as the third finger strikes, 
pass the thumb not under, but over it, so that 
it drops on P. When the thumb sounds P, 
the first finger goes on E. As E is played tho 
second finger is prepared for D. The third 
finger gets into position on tho C as the D is 
struck. Uniform regularity of effect must bo 
aimed at. If tho student takes pains at tho 
beginning, this double-action of fingering, or 
silent preparation concurrently with the pro- 
duction of sound, will be done instinctively. 
In eveiy respect the motions for the left hand 
are collateral with those of the right. Exercise 

„ ®*«’h 55P“- 


i Doui nanosj Then 

— - - — n descend the 
- p | | scale in simul- 
taneous octaves 
8 .r [Ex. 6], 

^ „ Mastering 

ifr ; the Gamut, 
jpi It is pnly bjr 

constant repeti- 
tion and con- 
centration of 
purpose that 
the student can 
count upon 
playing up and 
down the scale 
se that the 
notes flow 
evenly with pro- 
gressive velocity. . The advance made may often 
appear imperceptible, but con be tes^ by 
going back to the first exercise. Always bear 
in mind that harp playieg is an accomplish- 
ment. The ability to induce the fingers to 
strike the strings freely will surely come with 


THEORY & PRACTICE OF ALL MUSIUL INSTRUMENTS, ELOCUTION, & SINGING 
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Ex. 8. 












rr^ J- -^- - -^- 


practice. An hour’s exercise every day will 
ichieve wonders. But it must be regular 
practice. The student must determine not 
merely to twang the strings like an uncultured 
street player. He must endeavour, rather, to 
attain to an elegant manner of performance, so 
that, later on, his harping may appeal to musicians 
of r(‘linement and win for him a position in an 
orchestra or on the concert platform. But, be- 
cause unable to have the heli) of a qualified 
professor, he must employ extra pains to sur- 
mount the preliminary drudgery which every 
harpist experiences before excelling. Ocular 
and oral demonstration may be a good thing, 
yet it is not always a necessity. Too much of it 
may enfeeble. Sooner or later self-help always 
becomes essential for the musician. If ho is to 
rise above his fellows, he must rely on his own 
ability. 

Exercise 6 gives the scale, alternately up and 
down. Attack each note slowly at first, and 
increase the speed gradually. Practise with a 
metronome. Before long there will be no need 
to think about each auxiliary finger movement. 
Unconsciously to the player the fingers will 
prepare themselves. 

Increasing the Range. Having within 
the compass of one octave made fair progress in 
ascending and descending the scale, the next 
task to deal with is to acquire facility in running 
up and down two consecutive octaves. The 
effect .should be to play as smoothly as possible. 
Therefore, do not hurry over the exercise, and 
particularly avoid striking the strings in a spas- 
modic manner. Three changes of position must 
now bo mastered. Beginning at the fourth red 0 
string from the treble end of the harp, the third 
^nger of the right, hand, as before, plays the note 
while the second prepares itself for D. After this, 


when the D is struck, the first makes ready for E. 
When the E is sounded the thumb adjusts itself 
for F. It is here that the first change occurs, 
in the third finger passing under for G. But this 
has been learnt already. As the G is struck, the 
second finger prcidis poses itself for A. As the A 
is struck, the first finger prepares itself for B. 
Now, on the B being sounded, the thumb gets 
into position for the second change. According 
to the player’s hand, the fingering at this point 
may differ. Bochsa taught that the third* 
finger (followed by the second, first, and thumb) 
should again be brought under, as after the first 
change. 

Chaiicrton, however, in the fingering of a 
scale which is before us, recommimds, in prefer- 
ence, that the second finger should be brought 
under for D, while the thumb strikes the C. 
Then, as the second strikes the I), the first is pre- 
pared for E. As the E is sounded, the thumb is 
got ready for F. When F is struck, the third is 
prepared for G. Therefore, according to the 
fingering employed, the third change occurs 
either between G and A (Bochsa) or F and G 
(Chatterton), the second, first, and thumb being 
used for the top A, B, and C. But the 
fingering adopted for one hand must ho adhered 
to in the other. The rule is, when going up the 
scale, that the finger changes are done under the 
thumb, whilst, in returning down the scale, they 
are made over the thumb. In the same way that 
the single octavo was practised until it became 
easy and familiar, the student should now repeat 
the scale throughout a range of two octaves. 
Persevere with it from day to day until it ripples 
up and down without effort, and increases or 
^minishes in tone from pp to //. 

. It is easy to twang a scale badly and unevenly ; 
ta play it smoothly and well is difficult ; to play 
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it ** perfectly ” is impossible. That is why the 
oldest as well as the youngest students should 
strive to train their fingers by diligent repetition 
of this exercise, hoping to arrive at a degree of 
excellence hitherto unattained. “ Transcenden- 
tal technique,” however, is only approached by 
the harpist realising his own faults and then 
striving to overcome them. The student should 
always have in his mind the highest ideals. 
This will be a great stimulus to liim in his 
endeavours to conquer the digital troubles ho 
may at first find in the range of notes given 
in Ex. 7- 

Consecutive Eight * note Phrases. 

Having ootained comparative proficiency in the 
two-octave scale, after playing eight notes, go 
back six. Begin again on the third note. This 
will give exercise for preparing the third finger 
to find the E below quickly and accurately while 
‘^Hho thumb strikes the C above. After starting 
afresh on the E, when the thumb arrives at the 
octave E above let the third finger in the same 
way prepare itself to fall unerringly on the O 
below. A fresh group of eight notes is then 
played up to the G [Ex. 8]. 

Reverse the operation in descending. Begin- 
ning from the top G, when the third finger 
arrives on the G below bring the thumb over 
to E, the third note from the top of the 
scale. Play the octave downwards. Wlieii 
the third finger arrives on the E pass the 
thumb over and back to the C above. Then 
play down the octave till the third finger arrives 
at the starting-point. Without tiie practical 
example of a master, the student must give 
particular care that there is no unevenness 
during the changes of position. With a teacher 
to observe and listen to, progress is mainly due 

Ex. 10. 


to the faculty of 
imitation. To 
suenan extent^s 
this carried that 
objectionable 
manner is ms, 
characteHstic of 
certain otherwise 
great players, are 
emphasised and 
made doubly lu-* 
dicrous in pupils. 
Fortunately for 
the student, every 
genuine lover of 
music has, born 
in his brain, a 
consummate con- 
ception, or mental 
model, to which, 
if he is conscientious, ho will strive to attain. 
This summit of ambition, which beckons on those 
who strive, was called by Napoicon his lucky 
star. Let the student steadfastly endeavour to 
be worthy of his lucky star. (Ex. 9.] 

The Seven Intervals. The student 
should now learn to play the seven intervals 
of an octave. Practise? first with the? right, 
then with the left hand, and then with both 
hands together. Beginning with middle C, 
when the first finger strikes the string the 
thumb should be in its place for sounding the 
D. As the D is struck the first finger prepares 
itself to sound again the (I On this note being 
repeated the thumb places itself in readiness for 
B, As the E is struck the first finger again goes 
bock to tlie C. When the C is sounded for the 
third time the thumb places itself in readiness 
for F. These six notes should be played smoothly, 
as if they were slurred. They comprise the 
intervals of a second, third, and fourth. The 
player proceeds now to sound intervals of a fifth 
and sixth. Let the second finger strike the C. 
At the same time prepare the thumb for the G 
above. When the G is struck pass back the 
second finger in readiness to repeat the C. As 
this string is struck get the thumb into position 
to soimd the A. These four notes must bo 
played smoothly. Advance to the intervals of the 
seventh and octave. The third finger now strikes 
the bottom C. As it does so place the thumb in 
re.adine88 to sound the B above. When the B is 
struck prepare the third finger to repeat the C. 
As the C sounds a second time adjust the thumb 
for the octave C above. These notes, if read 
backwards, give the same passage descending. 
For this, prepare the fingers carefully in the 
reverse order [Ex. 10]. 


Ex. It 
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GROUP 17— MU8IO 


Two Notes with Each Hand. Hither- 
to <• the studeht has confinod his attention 
to striking the strings in succession with each 
hand. This is peculiarly characteristic of tliat 
instrument which has given to music the 
term “ arpeggio.” In English it means “ in 
the stylo of a harp,” and denotes a sequence of 
sounch which, together, form a chord. 

^ A chord, then, is produced by sounds played 
■simultaneously. On the harp it is easier to 
strike strings singly with each hand than to 
strike two or more of them together. But 
when the performer haii mastered the playing of 
chords, the effect of his instrument is considerably 
enhanced. Now, the beauty of chord playing 
depends on the recoil, or elasticity, of the fingers 
indep(^ndcntly of the mist and arm ; therefore, 
keep the hard perfectly t.toady. Let the thumb, 
after every note, return to its perpendicular 
position. Take special pains \vith the left hand. 
Unlike the right, it has no support from the 
body of the instrumcint. Using the last exercise 
as a groundwork for the next, instead of playing 
the notes cingly, couple each pair together. 
Endeavour to play the intervals equally, both 
a.*; regards strength and speed. Sound them 


Ex. 12. 



slowly and softly at first. By degrees, increase 
the force and celerity of performance [Ex. 11], 
The Full Chord. The student will now 
attempt to acquire the ability to strike four 
notes in combination. Place the three fingers 
and the thumb on the strings together. Put 
the third on the bottom C, the second on the E 
above, the first on tho G, and the thumb on the 
octave C. Round the fingers gracefully. Keep 
the thumb well up, and rest the arm on the 
soundboard just above the wrist-joint. Having 
thus prepared tho chord, strike the strings by 
(jauiing the fingers to spring elastically towards 

Ex. 15 


Ex. 18. 



the palm of the hand. Immediately the thumb 
falls, it must get back to tho erect positioi:. 
Although, after striking, tho fingers and thumb 
quit the strings, neither the hand nor wrist nuist 
move. 

A ijoint to note is this. Although the sounds 
in a c^hord on the harp are supposed to be pro- 
duced simultaneously, they are actually struck 
in quick succession from the lowest to the highest 
note. This is more ofTcciivo tlian firing tlu'in 
off together. Why ? Because the higher the 
note, the quicker and shorter is the vibration 
of the string. If, thoroforo, tho shortest string.; 
are struck last, tho chord dies away equally. 
Be careful to striker tho strings with the sides of 
the lingers. Vibration is marred if the nails 
touch the stringi^. Owing to locjk of support 
from the soundboard, tho left hand will require 
to be exorcised with extra care. Its movements 
should bo identical with ihot^e of the right. 
Confine tho motions to the fingers, and keep the 
arms steady [Ex. 12]. 

A valuable exercise is to i>lay tho chord notes 
successively. KcH?p the hand in the same position 
as when striking a chord, and sound the notes 
slowly and consecutively. After the fourth is 
struck, see that the thumb is kept well up in its 
])roper place. The natural tendency is for it to 
sink. This propemuty must bo overcome. It 
is a bad habit easily contracted [Ex. 13]. 

The Pedals. On tho harp, all naturals and 
sharps are produced by the pedals [1]. There aio 
seven of these, like tho seven simses, one for 
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each note of the scale. In China.* each ceparate 
sound has a distinctive mental meaning This 
septet of pedals is appropriately situated in the 
pedestal of the harp. Four of the levers are 
on the right, three are on the loft of the player. 
Beginning from the centre, the right foot nego- 
tiates the £, F, G, and A ^ pedals. The nearest 
on the left is the B Ij. Then folfow, for the left 
foot, the C and £b pedals. Each slot in the 
pedestal is furnished with two notches. Put 
the too on the loft middle pedal, Ct^, the harp 
being tuned in this key. If the lever is pressed 
down to the first notch, a rod in the column is 
raised. This operates on the metal comb or 
action in the neck, and puts greater tension on 
all the strings by stopping off a portion 
of their length, as the violinist’s finger does 
on the fingerboard of the fiddle. 

The pitch is thus raised uniformly 
a semitone to Cfl. Depress the 
pedal to the second, or lower, notch. 

The leverage action now raises the 
pitch another half-tone, and trans- 
poses all the C strings to C}f. In 
consequence, when certain other 
pedals have been depressed, there \ 
is no more difficulty in playing on 
the harp in the key of C f than in 
any other, although a beginner on 
the piano would find that key, with 
its six accidentals, or the natural 
harp scale with its seven fiats, most 
embarrassing. 

Take the second pedal from the 
right, Fb. Lower it to the first 
notch. This raises all the F b strings 
to F t. On the piano, the key of 
FO, with its eight accidentals, is 
most bewildering, whereas the key 
of Ft], with only one flat, is quite 
easy. On the harp, one is as simple 
as the other. Now depress the pedal to the 
second notch. This raises all the F strings to 
FJ. On the piano, the key of F^, with six 
accidentals in its signature, necessitates the em- 
ployment of many black notes. Consequently, 
the fingering for both hands differs from what 
It would be in FJ. But the harp player, having 
put down the necessary pedal, a^iores to the 
same fingering, whether he plays in a key with 
eight flats, one fiat, or six sharps. 

IBar Training. Hitherto, for the purpose 
of practising, all the pedals have been up. 
The harp, therefore, has been in its natural 
key of Cb, a semitone lower than the natural 
key of the piano. This is as well. It does not 



1. HARP PEDALS 


diminish their vibrating length, and gives greatei 
resonance to the instrument. Bui as soon as^t^ 
fingers have been drilled to do fairly well wnat 
is required of them, the ear must be trained to 
accustom itself to recognise changes of key. This 
is done by employing the pedals. Now depress 
all the pedals qmckly one notch. \^^at is the 
result ? The pitch of all the strings is raised 
equally half a tone. The harp is, therefore, no 
longer in the key of Cb, with seven flats. Why f 
Because all the fiats have disappeared. There- 
fore, it is now in the scale of C fl, an^the pitch 
of the harp corresponds with the piano if the 
student pla 3 r 8 his exercises on tlie latter instru* 
mont without regard to the fiats in the signature 
of the music. 

The natural scale of the Highland bagpipes 
is in the key of G, which htis one 

/ sharp, F. To interpolate this sharp, 
press down the F7 pedal (now in the 
first notch, and therefore Ft) and 
slip it into the bottom notch. This 
raises every blue string throughout 
the instrument to Fif. It will be 
appropriate to try, in this bagpipe 
key, the melody known as “ The 
Campbells are Coming” [Ex. 16]. 
Insertion of Accidentals 
by Pedals. Accurate and 
rapid management of the 
pedals is an important art 
with which the student cannot 
become too familiar. In a 

^ diatonic melody, a piece 

may bo played from beginning to 
end without manipulation of any 
of the levers after they have been 
adjusted at the start. In modem harp 
music, however, modulations of har- 
mony into different keys frequently 
occur several times during the per- 
formance of a single piece. This necessitates on 
the part of the player an ability to press down, 
noiselessly, the correct pedal at the right moment. 

Now put up all the pedals again. We give an 
exercise in wliich a modulation from the key of 
C7 to Gb occurs [Ex. 14]. Strike the first 
three chords in the natural key of the harp. 
To obtain the necessary F naturals in the 
four chords which follow, depress the middle 
right pedal to tho first notch. This raises all the 
blue strings half a tone to Ft). Practise the 
exercise slowly with a metronome until the pedal 
change is made without retarding the timev 
Then gradually increase the spe^ until thjs 
key change becomes automatic. 

ALGEI^ON BOSE 


2.'^° STOP 


truly 


A dietloaary of thcTeehaleal Terms and Phraaoa in Motle appeared 

oa page 1829 
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• • The Making and Finishing of Hosiery Goods. Lace, 

Plain and Fancy. Embroidery. The Cloth Warehouse. 

HOSIERY AND LACE 


T he fimdamontal dilleronce between weaving and 
knitting ia the same as between darning and knit- 
ting. The mender of stockings Avorks upon two sets 
threiwls, crossing and reerossing under ami over 
until the two sets are lirmly united. The hand- 
knitter of, stockings forms loop after loop out of a 
single thread, and her work can all be undone and 
reduced to one thread again by pulling upon a 
broken loop. To get a clear understanding of the 
operations of machine knitting it is desirable to 
follow the movements of a hand-knitter. Jiy the 
use of one plain needle a row of loops are “ east on ” 
another needle until there are (uiough for the width 
of the article. The first row of loops is the starting 
])()int of a further row, and as the new' loop is made 
the old one is “ knocked over ” the needle point, so 
linking the two togcither. Machine knitting follows 
the same process of looping and knocking over, but 
the machine, instead of making loops one at a time, 
makes a number, or a whole course, of loops at once 
acrt).ss the width of the fabric, and thereby works 
quickly. The feat is done by providing one needle 
for each loop, Avith auxiliaries for traversing the 
yarn across the needle, and for looping and knocking 
over the stitches. 

Lee*a Frame. The system of knitting a flat web, 
which may afterAvards he formed into the round by 
sewing together the edges of the fabric, can best 
bo appreciated by reference to the original frame 
invented in the sixteenth century by William Leo. 
Leo began his machine [1] by making a set of ne(5dleH 
(i) inserted in a bar of wood. The noodles were of 
spring wire, curved back to form a barb, and the 
shank was recessed or grooved below the curved 
point of the beard. Using a set of such needles ho 
succeeded in forming loops of yarn between them, 
and in knocking over the stitches by hand. Jn 
making a frame to do the work mechanically, Leo 
fitted above his needles a sot of pivoted arms or 
jacks (A) carrying thin nose-shaped pieces of metal (J) 
called jack sitikers, to pass between each pair of 
needles, and to serve to press down the yarn in 
waves. The jacks were held in position by tho 
springs (k), and were tilted by tho lateral movement 
of the slur-cock {m) carried on the slur- bar (1). 

Framework Knitting. A thread of yarn 
having been laid across the needles, the tails of tho 
jacks wore lifted by the slur -cock, with the effect of 
bringing tho sinkers forward and downward. The yarn 
was laid in curves or loops over each needle, and 
the thread was thrust under the barbs close to tho 
noodle licads. A pressor bar, not shown in the 
illustration, descended and closed the barbs by 
pressing their points into the groove. At this stage 
the row of loops last formed was advanced by the 
sinkers and pushed over tho closed hook and over 
the end of the needle, one row of loops thus being 
interlaced with tho other [2]. Finally, the machine 
took the formed loops back along the stems of the 
needle, in readiness for making a new course. 

Improvements, permitting the use of more needles 
within a given space, and allowing of a greater 
variety of stitches, were added to Lee’s machine. 


A tuck eng,bled the nnKluetiun of fancy effects 

by allowing chosen nectlles to accumulate more, 
than one stit(‘h before knocking over. Tho iJcrhjf 
rib motion was added, Avherehy nu>r(' elastic ribbe^l 
hosiery could be made by knitting loops plain or 
jturl. the difference between which kinds of stitches 
consists simply in tho reversed dirc'ction of knocking 
over. Ticklers were added, also enabling tho fabric 
to bo narrowed or widened at will. 'rhes(5 machines 
of the old framework knitters arc obsolete, but they 
illustrate in a simple manner the princi]>le upon 
Avhich machine-knitting is done. 

Warp Knitting. In th(‘ original knitting 
machine the loops were formeil all out of one Min*a(i, 
and the courses of loops ran along tho Avidth of tlio 
fabric. Jn the warp knitting loom, introduced at a 
much later dat(‘, a number of threads Avero provuhal 
c(|ual to the number of loof)s to \n) formed in the 
width. The 1oo))k, instead of following each (Hher 
skleways, followed lengthwise in succession, thos(' 
of one thread being interlinked with its neighbour, 
as in crochet. Tlu? system is of advantage in making 
strip(‘d gocKls by the usi? of yarn of two or more 
colours, and in making openwork. Hand warp 
looms arc at work still in making small fancy goods, 
and the principle has bt'en adopted upon various 
power machin(‘s. 

Cotton’s Machine. About the middle of last 
century a machine with jacks, sinkers, and slur-coek 
AA'as introduced to knit ilat wch and tubular fabrics 
by power, improvements upon it enabh'd small 
tubes to bo woven for stockings, ancl auxiliary hand 
apparatus alloweil theke to be fashioiUHi or narrowed 
and w'idc'iuHi to fit the leg, heel, and foot ; and later 
the fashioning was made automatic. I’he most 
revolutionary change was caused by tho advent in 
1808 of William (.'otton’s machine for (mahJing one 
operative? to turn out seventy dozen ])airs of lujse 
a day, and cutting down the cost of making from 
twenty -nine pence a dozen to fourpenee. (>V)tt()n 
set the needles of tho machine upright instead of 
hori'zontally as hitherto, and im])arU?d motion to 
them, making them work up and down and in and 
out. The sinkers were placed horizontally, and the 
presser Avas made stationary. The narrt)wing of 
the fabric was c*ffected by cams, and placed under tho 
control of toothed wheels, and the machim*s were 
made with from six to twelve senarate knitting 
heads. With the addition of the subsequent 
improvements that have becui put upon this 
machine, nearly every kind of plain or ornam(?ntal 
fabric can bo knitted ui)on it, and by tho aid of a 
jacquard or dobhy attachment a largo number of 
fancy effects can bo obtained. 

Latch Needles. The highest class of hosiery 
still requires the use of bearded needles, but about 
sixty years ago the latch ncedk? was introduced by a 
Leicester man. In this needle the spring heart! is 
replaced by a latch or tumbler, actuated by the 
stitch and pivoted in a slot upon tho shank. The 
latch tlispenseS with sinkers, and has enabled the 
noodles to be set more closely together. The 
invention of the lat^h has permitt/cd stockings to bo 
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knitted seamlessly in endless length^ The different 
kinds of ribbing in the leg, the narrowing of the calf, 
the fashioning of the heel, and the shapit^ of the 
foot all proceed continuously in due order. The 
• fabric knitted is wound upon a roller as it is produced, 
and all that is needed to complete the articles is 
to cut the threads at the joining of the toes of 
successive stockings, and to link these loops together 
by sowing. 

Hand Machines. The needles arc arranged 
vertically in a latch machine made in England, and 
much used by knitters working in their own homes. 
The needles are arranged in 
grooves around a cylinder, 
and as the needle is raised the 
stitch made last is slipped 
Ixilow the latch. The yarn 
is received in the hook of the 
needle, and os the needle 
descends the latch is closwl 
by the old stitch, and the 
new yarn makes the new 
loop. The guide which sup- 
plies the yarn and the cams 
which control the movements 
of tho needles revolve, and 
so does tho fabric, which is 
drawn off and wrapped 
round a roller. Tho machim^ 
has a number of yarn guides 
and of cams equal to tho 
number of courses made at 
each revolution. In an alternative tyj)e known as tho 
hand Jlat knitting machine^ adaptable to work cither 
fiat web or tubular fabric, there are two beds of 
noodles inclined toward each other at an angle 
of some 90 degrees. 

Rotary Machines. The EngUsh loop wh(»el- 
machines, extensively used JLot making tubular 
fabrics of diameters ranging from two or three inches 
up to two or three feet, have vertical bcaixled 
needles, disposed in a circle with their beards point- 
ing outwards. Tho needles, the fabric, and tho 
coiling apparatus revolve as the work proceeds, the 
yarn guides remaining stationary. In the Conti- 
nental circular machine, the bearded needles are 
horizontal, and sot with their heads radiating from 
a centre. 

The Hosiery Factory. Apart from differences 
of broad principle there are endless differences in the 
capacity of tho machines and in 
their degree of automatism. It is 
not practicable to make as many 
changes upon a knitting machine 
as can be made upon a loom, and 
special machines are reserved for 
each special purpose. Attachments 
are added to simple machines for 



patterns on hc^ knitted se^rately. The rotary 
machines knitting tubular fanriesf^ large diameter 
produce a web that can be cut to form the b&lies 
of skirts, vests, shirts, combinations, and sweaters, 
which can be completed by joining smaller tubes 
for tho arms or legs. 

Se{)arate sizes of machine are kept lor knitting 
tics or mufflors, while some manufacturers have a 
special plant for knitting the large quantities of 
ramie yarn for making incandescent mantles, or tho 
larger quantities of cotton yarn for knitting into tub^s 
for shrouding carcases of refrigerated meat. Garters, 
knee-caps, surgical bandages, 
gloves, coats, shawls, cardigan 
jackets, and jerseys are a few 
out of the myriad articles now 
made by knitting one class of 
yarn or another. 

Hosiery Goods- Tho 
cutting, joining, and trim- 
ming of knitted web calls for 
a whole plant of machines in 
itself. Power shears are used 
for cutting, and a large num- 
ber of varieties of sowing 
machines for linking, whip- 

S ing, seaming, and button- 
oling. After being completed, 
the garments are scoured in 


LEE S STOCKING PKAME 


( .Jack Sinkers ;r/ Locker : A Jacks; automatio washing or dolly- 

jng machines Some of them 
have to be jnupd by being 
hammered in tho fulling-mill to open the twist of 
the yarn and cause some degree of felting to take 
place between tho fibres. The garments are dried 
in centrifugal hydro-extractors or in hot air cham- 
bers. They are pressed between steam -heated 
plates or calendered between heated cylinders. 
Some garments require to ho stretched on wire or 
wooden fram(*,s to pri'serve the shape and to correct 
unequal shrinkage, and some fabrics have to bo 
passed under rotary brushes to raise a fleecy pile 
upon tho face or back of the fabric. 

Hosiery articlcjs are made* from a large variety of 
yarns — ^worsted, woollen, mixed woollen, cotton, and 
silk. Botany worsted is used for the finest articles, 
and croashred or English quality of worsted for tho 
cheaper. What is called merino hosiery is mode 
from a yarn spun of mixed woollen and cotton, and 
the so-called lamb's wool is a heavy woollen yarn 
often spun from short fibre. The 
lisle thread used for gloves and 
stockings is an especially hard 
twisted cotton yarn. Both organ- 
zin and spun silk are employed 
for knitting, sometimes as a sole 
material and in other cases in 
company with worsted. 

In general, a high degree of 



plaiting or introducing an extra 2. LOOPING ON NEEDLES 

thread of silk to lie on tho face of R lioops of single thread ; S Loops of uniformity is required in yarn 
the fabric, or extra wool to form a lieards intended for knittgig, as imperfec- 

fleecy back, or for making an extra splicing or tions are more diffioult to disguise than in 
thickness, or for changing the colour of the yarn at woven goods. Except in special instances a 


tho heel and toe, or for making openwork fronts or 
openwork all round the leg, or for striping in a 
numl^r of colours. The demand for striped, 
checked, and fancy hose is always growing, and it is 
possible to turn these out eomplote by ^e use of 
special machines. 

Special machines are made for knitting ribbed tops 
endWly, to be cut later and i^n upon stockings 
knitted upon tho hdlf-Jushioning machin^. Em- 
broidering maohines are kept for embroidering fancy 
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rather bulky thread is preferr^, with fewer turns 
of twist in the inch than in yarns meant for 
weaving. 

LACE 

In its simplest form, a lace is a string or cord, such 
M a boot-laoe ; and a lace fabric, in the strict sense, 
is one formed more or less ornaments^, by the 
twisting of cords one around another. Hand-made 
lace is properly d two kinds, although the two f<wm8 
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are often fbund in combination. There is needle- 
point lace, workoil with needle and thread ; and 
pillow lace, worked by twisting and intertwining 
threads which are pass^ around pins placed upright 
in a hard pillow or cushion. Pillow lace is made 
with the aid of a number of small bone bobbins 
carrying the supply of thread. 


Plain Net. Lacc is a loose fabrip, and the first 
laces to bo made by machine were manufactured 
upon Leo’s knitting frame by a manipulation which 
allowed needles to form open spaces in regular order. 
By alternating the empty spaces, a netdike fabric 
was formed, capable of being further ornamented 
by the needle. Net or mesh ^ 

is the elementary form of lace f 

fabric, and a perfectly hex- e f c 

agonal machine -matle small A R ® (i 

net, imitating that formed . ft - - .j JJlL 

upon the lace-maker's ])illow, ^ U 

w’as not made until Hcathcoat (/ O 1) 

introduced his hobbin-net 
macjiinc in 1809. Coj.ying 
the example of the pillow lace c.Cajtehea D Hohhtn. 
maker, Hrathcoat arranged 3 bobbix and 
half his threiulK as warp or ‘ carriage op 
bmm. and d. 8 tr.but. d the 
other half on small bobbins 
as weft. He devised a 


machine, which in its own da^' was thc^ most eorn- 
pk‘x that had ever beem invented, for twisting the 
beam and bobbin threads into a sort of trellis 
[5 and 6 .] With mcxlifications rather of detail 
than of principle, the machine is the same that is 
in use to make English nets today. 

The principal features of the plain net nmehiuo 
are two roller beams placed above one another, the 
lower carrying the warp and the upper receiving 
the cloth. There arc thread guides dividing the 
warp into alternate threads, and serving a purpose 
resembling that of healds in the weaver’s loom. 
Each thread of weft yarn is carried in its own bobbin, 
a nc'at little m<*tal one occupying the very minimum 
of room, and consisting of two flat metal ends 
connected by a very short spindle. The bobbin 
is fiUed accurately ’ upon a carriage [3] made 
from thin brass plate, and is held in its place by a 
spring. The carriage is fitted with catches [C] to 
fit the catch bars of the curved comb [4]. The 
ends of the threads on the bobbins are attached to 
the upper beam, and when motion is imparted to 
the carriage by the shifting bars the bobbins swing 
pendulum-fashion between the warp threads. One 
nulf the bobbins are set before the warp, and one 
half behind, and there are combs on each side to 
receive the swinging bobbins. The accepting comb 
is given a traverse equal to the space of two warp 
threads. Half the bobbins are traversed to the left 
and half to the right, under the influence of the 
point bars ; and the effect of moving the two sots of 
threads relatively to each other, and of piissing one 
set around the other, is to tie them into the form 
of a regular mesh. 


Levers’ Lace. The principle of making 
plain net was incorporated by Levers in designing 
the typical Nottingham lace machine for the pro- 
duction of laces in fancy patterns. The salient 
difference lies in the arrangement for holding the 
warp. In the plain net machine the toke-up is 
equal throughout the width. In fancy lace making, 
different lengths are r^nired for the several threads, 
and the warp is carried uix)n small beams ranged 
one above another. Tjhe threads of warp are led 
upward through a coml> and over a cylinder on 
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which the fabric is automatically wound. Bobbins, 
often so small that thirty can work toj^ther in one 
inch, are employed, and these swing j^tween and 
round the warp. The varying tensions on the 
several warp threads have their effect upon the 
design, for it is the slacker of two threads which 
twists itself around the other when oscillation is 
imparted. When the warp is slackly held%nd the 
bobbin or weft thread is tight, the warp winds 
around the weft, whereas when the weft is 
the slacker the contrary takes place. The side- 
ways shift needed to form net is spoken of as gaiting 
or shagging^ and in making fancy lace it is necessary 
that the gaitings should bo irregular, and that 
certain warp threads should be stationary while 
others move. Simple designs can be made by the 
to and fro motion of the bobbin and the shogging 
of ctiHain threads of warp, and these movomenjs 
can be controlknl by earns, corresponding to the 
tappt'ts of the weaving loom. 


The Lace Jacquard. Effects of more 
irregularity are obtained by jacquard cards and 
cylinders [p. 2095], which are used to -control the 
rods actuating the bobbins and carriages, so that 
some may be moved while the others are at rest. 
The threads of warp pass through the eyes of guide 
bars, and by the aid of a separate jacquard these 
threads can bo moved to right or left. It is on such 
machines that the standard Nottingham laces and 
curtains are made, and satisfactory machines of the 
kintl have no^ver been built outside this country. 
The accuracy of workmanship acquired in machines 
working upon from 12,000 to 30,000 threads, with 
from ten to thirty bobbins to the inch, and making 
eighty to a hundred movements a minute, can 
perhaps be appicciati'd. 

Lace and Curtains. The two general 
types of fancy lace machine are distinguished as 
the Levers’ lean-bars, in which the swinging bobbins 
are landed on brass sliding bars ; and the Ijcvers’ 
go-through, in which the carriage works into the 



4 . SECTION OF COMB BAR 


combs without these 
guides. The curtain 
machine is an espe- 
cially wide one, and 
made to take work 
up to 440 inches, 
and it works with 
four sets of thread* 
— bobbin, warp, 


spool, and extra-beam. For making thick, flat, 
heavy laces, such as are used for cheap edgings, 
there are thrive kinds of crochet machines in use — 


the fast warp for making nets, the steel bar or fa^t 
taitifirg, and the plain crochet. 

In fancy lace it is usual to use threads of different 
thickness for the bobbin, the ground warp, the out- 
lines, and the gimp. The fineness of fancy lace is 
measured by number of points to the inch, of which 
usually there are between nine and sixteen, 
signifying that the lace has been made with double 
that numDcr of bobbins. Fancy lace is manufactured 
in narrow strips, and as many strips* are made at 
once as the machine will take, so that one set of 
movements is made as productive 1 ^ possible. 
Lace is measured by the jrard or by the rcA of 240 
consecutive meshes, and it is by the rack that the 
operatives are paid. 

Embroidery. The plain net fabric as made 
by Heathooat becomes the basis of embroideries, 
and large quantities of Nottingham net are 
exported to Plauen to be embroidered up Con ti- 
nental machines. The embroidering is done to 



some extent in this country upon machines om- 
broidoring considerable widths of net at one time 
in patterns ^which are traced with a jiantagraph 
rfirm, from a design in front of the operative. 
Ingenious kinds of lace are made also by 
embroidering in cotton upon fine silk or wool found- 
ations ; and when the supporting fabric has been 
dissolved away by alkalies, which destroy animal 
fibre without materially affecting the vegetable 
fibre [p. 1426], there is nothing to show how the 
effect has been got. Embroidering machines are 
fitted with attachments for piercing fabric with 
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6. BOBBIN NET AS SEEN IN THE LOOM 


holes of varying size and shape and for stitching 
around the edges ; but a clear distinction has to be 
drawn between embroidery and true lace. 

The Cloth Warehouse* The last of the 
processes which piece goods undergo before being 
sent into consumption art? not th<? least important 
of the long series of operations, although they are 
the work of the wart?hoii8o rather than of the mill. 
In some, rare cases cloth is sold by weight, or upon 
the basis of the length of the warp, but normally it 
is sold by measure. In oklen days it was measured 
yard by yard with the stick, and the statutes of 4(X) 
years ago ordained that it should be sold thus only, 
with the addition of one inch to every yard. Hence 
comes the custom gcn(*ral in the woollen trade, and 
partly so in th(? worsted and linen trade, of selling 
cloth by 37 -inch measure. The cotton trade has a 
‘ long-slick measure of 36^ inches as well as the short 
stick of 36 inches to thoyard. How ever, measuring- 
sticks are only used in cutting off short or pattern 
lengths, and the habit of measuring by pulling 
cloth over a five-yard table and marking each 
successive length, is giving way before the use of 
measuring machines. 

Measuring. Measuring is done incidentally 
while the cloth is being rolled or blocked^ or being 
plaited or cuitled into folds. Heavy woollen gciods 
arc rolled by hand, the cloth being wrapped around 
a flat board. The work is done at a long table with 
a polished top, and some practice is required before 
the piece can be rolled with its edges perfectly even. 
Measuring can bo done simultaneously by the use 
of a simple T-8ha])ed apparatus for conducting 
printed paper tape from a coil to the cloth. Tho 
tape is printed in yards and inches, or in metres and 
centimetres, and the zero mark is left showing next 
to tho rolling booi-d. Tho tape system has one 
great advantage in the avoidance of dispute, and 
another in tho fact that tho tape can always be 
relied on to tell how much cloth is left in a piece or 
boU from which lengths may have been cut since its 
first appearance. 

Making up Piece Goods. Light-weight 
goods are rolled upon boards by machine, and are 
measured, not always with the utmost accuracy, 
by carrying round a friction drum of known 
diameter, geared to which is a dial and index 
showing the total yardage in the piece. A Qiore 
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expensive machino inserts at determined intervals 
numbered b1*as.s clips upon the selvedge. Largo 
quantities of cloth arc delivered not in rolls but in 
folds, and in some places folding or cuttling is done 
manually. The bulk of the work is done by a 
machino fitted with kniv^'S working back and forth 
through an arc of a circle, to lay the cloth in regular 
folds of a length that can be regulated at will, and 
at the same tjme measure it. The piece being laid 
in fiat folds, it is usual to wrap around it as many 
yards from its own folds as are required to hold tho 
whole together and enable it to be lifted, and tho 
selvedges of the folds are, in some cases, stitched 
with string as an additional safeguard. The piece 
is furnished with a swing ticket or label upon which 
its number, quality, length, and other identifying 
marks arc entered, and it is then parcelh'd in paper. 

Marking for Export. In the case of some 
goods for export, the making up in folds and 
coloured paix'rs is elaborately done. Fancy head- 
ings of briglitly coloured cloth are stitched on, oi 
gilt letters and devices are fastened down with a hot 
iron. Still more often, goods for export are 
decorated with trade-marks, and white and 
unbleached cottons are treated with large stamps 
upon the face-plait, or outer fold, sotting forth 
the full particulars of their quality, length, and 
origin in coloured inks. 

Trade-marks are of the utmost consequence? in 
the export trade in cottr>n, and over 80,000 marks 
are known to ))e in use in tin? Manchester trade. 
Some arc? registered, but more of thc'm are 
unregistcrablc, and to Asiatic dt?alers and peasants 
these marks symbolise the quality of goods that 
they know, and an unsatisfactory delivery of 
goods under a murk is c'jiongh to tiirow tho chop 
out of use for yc*ars. Some idea of tho nature of 
tho chops used in the China market can be? got from 
a few })articulars from a Shanghai market list giving 
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the names under which some* favourite devices are 
known. 


SOME NAMES FOR CJREY SHIRTINGS 


10 lb. Painted Crab. 

11 lb. Boy and Zebra. 

12 lb. riilnesfi Volunteer. 

7 lb. 3 Students. 

8 lb. 9 Sons. 


12 lb. Double Ladder («un. 
12 Ib. Soldier <i 0. 

10 lb. 2 Handsome Ladie.s. 
lOf lb. lUch Man. 

10| lb. (’bin ('bin New Year. 


The making up and the? subsc'queut packing of 
piece goods in bales and cases is an industry to itsc'lf 
in Manchester. It employs thousands of men, and 
several large companies wliich own great warehouses 
in which the exporters have their offices and get 
their goods packed at a charge per piece? and per 
bale. The warehouses are fitted with large 
hydraulic presses for baling, and such cloth as does 
not go abroad in bales lined with tarpaulin and 
bound outside with iron hoops goes largely in tin- 
lined cases. The goods have to wait sometimes 
more than a year in humid climates before the 
packages arc o^iened, and they are soldered in air- 
tight tin inside wood. 

J. A. HUNTER 
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Noii-sedimentary Rocks. The Geological Record of the Earth’s 
Development. The Story of the Strata. Chronology of the Earth. * • 

THE EARTH’S GEOLOGICAL RECORD 


I N order to complete our survey of the rocks 
which compose the visible poftion of the 
earth’s crust it remains to consider the non^ 
sedimentary rocks, which form a very notico- 
ablo, though not by any means the larger, 
part thereof. These are the igneous rocks 
which come to the surface in parts where for 
various • reasons the later sedimentary rocks 
have not been deposited above them, or have 
been entirely worn away by denuding agencies, 
leaving the bare, igneous rock cropping out, as 
in the granite tors of Dartmoor, or in the volcanic 
sill forming the Salisbury Crags in Edinburgh. 

Non-sedimentary Rocks. These igneous 
rocks, as we have seen, are known as pluiotiic or 
volcanic, according to the manner in which they 
were originally formed. The plutonio rocks are 
those which were originally formed deep beneath 
the surface of the earth, and have since been 
revealed by the removal of the overlying strata. 
The volcanic rocks are those which have been 
brought up to the surface by hypogcnc activity, 
and have frequently been arranged in stratified 
sheets, often alternating with the true strata 
produced by epigene agencies. Of course, there is 
no absolute distinction between these two classes 
of rocks, because the volcanic rocks which 
appear on the surface must obviously be con- 
nected with the plutonic rocks remaining in the 
subterranean reservoir. But it is usually thought 
convenient to distinguish between volcanic and 
plutonic rocks, which, indeed, sho>^ somewhat 
different characteristics. 

Plutonic Rocks. The plutonic rocks with 
which we are hero concerned have usually been 
thrust up from the lower parts of the earth’s 
crust by hydrostatic pressure, have been in- 
truded into other rocks of more ancient formation, 
but have solidified beneath the surface of the 
earth, and therefore under considerable pressure. 
The fluid masses which were thus squeezed 
upward from the lower or molten parts of the 
earth’s crust naturally took the line of le^t 
resistance, and the various shapes into which 
they expanded depended on the loeal conditions. 
We now find them mainly in one of four distinct 
formations— as boesta, or shapeless lumps of 
rook, often many miles in extent ; as siWa, or 
flat and roughly horizontal sheets of rock ; os 
dykes, or veins of rock w;hich have filled up 
the cracks or fissures in earli^ formations [69]; 
and as volcanic necks,, which occupy the pipes 

and cratew of ancient volcanoes. 

There ar^ matiy examples within own* 
islands of edch of these formations. Vastintrusive 
masses of granite charadterislB the soenerj^f 
Dartmoor and the Soiith-wfest of ^otland. ^e 
Salisbury Crags, beside Arthur’s Seat at Edin- 
burgh, consist of a thick sill of dolente ; another 


forms the rock on which Stirling Castle is built, 
while the great Whin Sill can be traced for a 
distance of 80 miles ^ross the North of England., 
Veins or dykes of intrusive rock are often found , 
on seashores, as at tlHe, in Eifeshire, where 
the ’\4rearing down of the softbr adjaiJent rock has 
left them standing lip like, walls, /x The mineral 
veins in which many pres are found are generally 
intrusive dykW which have been' run iiitb cracky 
in the older rock.* ' The»M^den^(f‘^iawa^^^^ 
ancient volcanoes form the^ cdhical hills wlfiCh 
arc so common in the ‘^South-east of Scotlancl, 
like Arthur’s Seat, North Berwick L^w, and 
Largo Law [70]. ' . ' 

Volcanic Rocks. ' Volcanic rocks arc dis- 
tinguished- from the plutonic fbririations *by 
the fact that the 3 r are usually found with a kind 
of false stratification, in which the volcanic lava^ 
and tuffs are found alternating with true sedi- 
mentary beds [ 68 ]. It is easily seen how this state 
of things has come about. Volcanic action is 
seldom continuous ; the eruptions are usually 
separated by long periods of quiescence. At 
each period of activity the volcano sends sheets 
of lava welling out in all directions from the 
vent. When the flow ceases, those sheets harden 
into rock. The ordinary atmospheric agents then 
set to work to cover this sheet of igneous rock 
with the d6bris of which we have seen all sedi- 
mentary formations to be composed. After this 
layer has attained a certain thickness, which 
depends upon the length of time during which 
the volcanic activity is 8usj)eiidcd, a new eniption 
takes place, and a second sheet of lava covers the 
sedimentary formation, baking, hardening, and 
perhaps chemically altering it. Thus in the lapse 
of ages we get a characteristic piece of volcanic 
siratificAition, in which sheets of lava alternate 
with layers of true sedimentary rock. There 
is a very interesting illustration of such a 
structure near the mouth of the Severn, which 
in ancient times was a centre of considerable 
volcanic activity. 

All that was said in a preceding chapter as to 
the curvature, tilting, crumpling, ana disloca- 
tion of sedimentary rocks applies equally 
to igneous formations, which display well- 
marked examples of joints, faults, and cleavage 
planes, though the other division into strata, 
or bedding planes, which characterises the sedi- 
mentary rooks, is usually absenl*.^ and when 
present, as in the schists, has been produced by 
Cerent agencies, generally those of subter- 
ifaneatt heUt'aciid jflresstite^ dub to' gigantic oaith 
movements. 

The Geological Record. We have now 
taken a general survey of the leading facte 
of geology. We have inquired into the^ existing 
structure and materials of the earth’s crust, 
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and we have examined the agencies which have 
brought about that structure and modified those 
materials. Jt now remains to see to what extent 
geology is able to trace the past history of the 
earth through the long ages during which these 
alterations have been taking place to produce 
our habitable earth. This record, though full of 
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gaps and imperfections, due to our limited 
opportunities of study, is written deeply upon 
the rocks, and has been read by geologists with 
wonderful precision. 

Palaeontology. The reader has already 
seen how the fact that the majority of super- 
ficial rocks arc arranged in strata enables us to 
tell their relative age. Where we are dealing 
purely with sedimentary rocks it is quite clear 
that the upper strata must be younger than those 
that lie beneath them, and on the top of which 
they were originally laid down. TVicre ar(' some 
apparent exceptions to this rule — as when the 
strata have been so crumph'd as to undergo 
actual inversion ; when the oldest layers have 
been brought to the top, and might, by a liasty 
observer, be mistaken for the youngest ; or when 
a mass of eruptive rock has been intruded into the 
midst of strata which are all re.ally its superiors 
in age. To read this wonderful recor<l with ease 
and accurficy requires the training of a lifetime, 
but the general results that it has yielded can bo 
briefly explained. This geological record has a 
very important bearing upon the history of life. 
We have seen that the strata frequently contain 
fossil remains of the plants and animals which 
lived at the time when they were being formed. 
They naturally share the relative age of the 
strata which they inhabit, and thus w'c are able 
to discover the order in which the various forms 
of life h4ve appeared upon the earth, and to 
provide trustworthy materials for the develoj)- 
ment of the great theory of organic evolution. 
This part of the subject, known as palaeontology, 
must be studied by the student of biology in the 
special chapters on that subject. The geologist’s 
share in the matter is confined to expounding 
the order in which the various forms of life have 
come into existence. 

The Story Told by the Strata. It 

must not be supposed that the strata which 
make up the crust of the earth are everywhere 
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arranged in the same order, or that the complete 
history of The jocks can be learnt by the simple 
method of boring into the earth at any con- 
venient spot, and tabulating the strata through 
which the shaft passes. The earth has so loiig 
been moulded by the agencies of change, which 
we have already studied, that the geological 
record has become extremely complicated, and 
it has requiftid the labour of more than a century 
to elucidate its mysteries and entanglements. 
The work is something like that of the historical 
student who has to build up the coherent story 
of his chosen episode from books that he finds 
in the great national libraries of London, J^aris, 
and St. Petersburg ; dusty documents that ho 
has to s|jell out in the London Record Office, 
among the archives of the Vatican, or the Royal 
Charters of Simancas. So the geologist reads 
one fragment of his story on the coast of Scotland, 
another in the gorges of Colorado, another in 
the mines of the Rand, and yet another in the 
contorted strata of the Andos. The whole thick- 
ness of the rocks that have been built up since 
the earth’s crust first solidified amounts to many 
miles, and there is no placie in the world wheie 
the whole vast series is conveniently displayed 
to the study of man. 

The Chains of Geological Evidence. 

But everywhere the story is the same; and the 
fragments of knowledge which one geologist has 
won from his lifelong study of the Scotch 
granites dovetails in with that which another 
has obtained among the cafions of America. 
Evorywhoro it is found that there is a definite 
order in which the strata follow one another. 
There are often gaps and imperfections in the 
history of the rocks wherever we study them, 
but the gaps are never quittj the same; and lh(^ 
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knowledge which we gain in one locality helps 
to fill in that which is gained elsewhere. In this 
way it has been ascertained that there is a 
definite order of succession among the rocks 
now visible on the surface of the earth, and that 
bis succession everywhere holds good. Thus, 



periods is subdivided for convenience into a 
number of shorter periods of rock formation, 
which are known as systems; and it wiil be found ^ 
that the rocks in each of these systems are 
distinguished by a certain number of common 
characteristics. The table below, beginning 
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to take a simple instance, we find that the coal 
measures everywhere overlie the Old Red Sand- 
stone, which is of earlier formation. In any 
part of the world we may find Old Red Sandstone 
whore coal measures do not exist at all, or, 
conversely, we may find coal measures without 
the presence of the Old Red Sandstone. But 
we can say with certainty that, wherever we 
find a layer of Old Red Sandstone, it is abso- 
lutely U.S0I0S8 to bore through it in the hoiK? of 
finding coal below. The value of such kno>v- 
ledge to the miner will be apparent ; and it is 
never falsified. 

Chronological Classification of 
Rocks, The various stratified rocks which 
have already been described fall into certain 
series, each of which appears to have been 
formed at a definite time in the earth’s 
history. Geologists are now pretty w ell agreed as 
to the main classification of these series, although 
there are still points of difference among them 
when it comes to minute detail. They all divide 
the rocks into five main divisions, each of which 
corresponds to a chronological epoch. 

The oldest rocks of all, which w^ero first 
formed when the crust solidified, are known as 
Archoian, Their successors, down to the rocks 
which contain the coal measures, are known 
as Primary, because they come first in the 
geological record ; the later rocks, dow’n to the 
cretaceous rocks which form the great chalk 
deposits of southern England, are known as 
Secondary ; while the remaining rocks, which 
are of comparatively modern origin, are divided 
into Tertiary and Quaternary. Each of these 
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with the most recent, gives a brief summary of 
the various divisions and systems into which 
the rocks of our islands arc divided : 
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THE ORDER OF THE STRATIFIED ROOKS 

Division 

System. 

Ty])if‘nl Rocks. 

Quaiteinary 

JN)st-^{Iacial or 

Alluvium and 

Remit 

riser gravels 


Glacial or 
Pleistocene 

Boulder clay 

Tertiary 

Pliocene 

Norwich (Jrag 

Miocene 

Lacustrine de- 
pOiiiitH 


Oligocono 

Isle of Wight 
fluvio-marino 
serie'^ 


Eocene 

London cjJay 

Secondary 

Cretaceoua 

Chalk and groon- 
sand 

Portland stone 
and lias 


J uraswic 


Triassic 

New red sand- 
stone 

Priinaiy 

Pei mi an 

Magho.sian lime- 
stone and 
sandstone 


. Corboiiifaroua 

Coal measures 


Devonian 

Old red sand- 
stone 


Silurian 

Slates and sand- 
stone 


Cambrian * 

Welsh -slates 

Archaean 

Pre-Cambrian 

Gneisses and 



schists 
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Smiths’ Tools an4l their Use. Forging Iron* and Steel. Drawing 
• Down, Fullering, Upsetting, Bending, Welding, Punching and Drifting. 

THE WORK OF THE SMITH 


now go into the smithy, and observe the 
methods practised there. We find condi- 
tions of an entirely rtilTerent character trom those 
which exist in the foundry — conditions which 
are inseparable from the difference in pouring 
molten, , and in shaxnng plastic metal. The 
nearest approach ever made to the molten state 
of metal in the smithy is when a welding heat 
is taken on iron, at which the surface becomes 
partially fused, so that isolated globules drop off 
as the bar is taken from the fire. If wrought iron 
were to be fused like cast iron, it would become 
partially carbonised, and so lose the pasty 
condition which renders it of so much value. 
On the other hand, cast iron could not be 
hammered, but would at a red heat become 
absolutely fragile and rotten. These differences 
explain the cardinal differences in the practice 
of the two departments. 

Wrought iron and mild steel when heated to 
temperatures corresponding with a full rtid or 
white heat become pasty and plastic, and in this 
state Avill endure any amount of hammering 
and reduction in size, or of bending and rolling ; 
while at a full or dazzling white heat they can 
be welded. Their malleability and ductility 
enable them to endure the most severe treatment 
without loss of strength, and, in fact, such work 
done upon them, provided proper precautions 
are observed, increases their strength, without 
reduction in ductility and malleability. But 
before proceeding farther it is necessary to 
point out the important differences between iron 
and steel, with the corresponding differences in 
the methods of working them. 

Differences in Working Iron and 
Steel. Chemically, there is no distinction 
worth mentioning between wrought iron and 
the mild or low carbon steel that is used for 
forgings. But there are great differences in 
their physical characteristics, and in the methods 
of working them. Iron has very pronounced 
fibre, steel has none, except a negligible amount 
that is developed in rolling. Iron has some 
four tons per square inch more of strength along 
the direction of the fibres than across them. 
Steel is equally strong in any direction. Iron 
is fibrous because it has been piled, welded, and 
rolled in layers. Steel is homogeneous because 
it has been melted and poured previous to being 
rolled. Because iron is fibrous, i t w*elds better t han 
steel. On the other hand, its biindles of fibres 
prevent it from being upset or enlarged so readily 
as steel. Steel is stronger than iron, and more 
ductile, and, therefore, it can be bent more, and 
can be elongated, drifted, and reduced in section 
more before it fractures than iron. The same steel 
can be both cast and forged ; not so wrought iron. 


The Smith's Tools. Such being the materials 
in which the smith works, we find their charac- 
teristics reflected in the tools and appliances 
employed by him. They are hammers, and 
numerous hammer-like tools, in which moulding 
or shaping processes are combined. Fullering 
tools, flatters, swages, punches, drifts, are 
the predominant forms. The appliances are 
also swages and swage blocks, bending blocks, 
dies, and allied forms, in which metal is coerced 
by impact or pressure into any desired shajjes. 
The leading forms are shown in the group 
126-133. 

The actual cutting tools arc represented by 
the cold and hot aetts^ or chisels [124 and 125], 
variants on these Ixung the hollmv setts, or gouges, 
having edges curved instead of straight. The 
group of tools in 126 to 133 all mould, but do not 
cut. Fig. 126 is a fuller, or fullering tool, straight 
crossw^ays, used for rapid reduction of stock ; 127 
is a curved fuller, for working close up to a boss ; 
128 forms isolated spherical depressions; 129 is 
an anvil fuller, used in opposition to the fullering 
tool [126]. After a surface intended to be flat 
has been fullered, it is smoothed with a flatter, 
or sett hammer [130 and 131]. If the object bo 
required of circular form, it is finished — and often 
fullered down also — between top and hiMom 
swages [132 and 133], the latter being anvil 
swages. To avoid having top and bottom tools 
separate is the object of the spring tools [134-137], 
in which the two are combined, and uniterl by 
spring handles that permit of opening and closing. 
Fig. 134 will be recognised as a pair of fund’s, 
136 as top and bottom swages, 136 as thrc’c 
pairs of different sizes, between which in rapid 
succession a round bar is reduced, and 137 
as a single pair with the hole at right nngli’s 
to that in 135. In the suage block [138], which 
is in incessant use, the edges are simply an 
aggregation of bottom swages of varying shapes 
and sizes, w'hile the hoU^s with which it is pierced 
form fulcra for use in bending bars. The anvil 
*^139] is simply an appliance on which work can 
be fullered, flattened, and bent, the beak being " 
much ustxl for turning eyes, while bottom 
swages, and the cutter, or the anvil fuller [129], 
are inserted in the hole. 

Hence no tools used by smiths, except thos<^ 
employed for the actual severance of bars and 
work, are cutting tools. In this re.spect the work 
of the smithy stands apurt from other trades. 
If a bar has to be reduced, it is not done by 
cutting, but by f ullering. All finishing processes 
are effected with tools that are destituUi of 
sharp edges. Fullers, swages, even flatters, 
have slight convexity on their edges, so that no 
keen angles are left anywhere on the work, and 
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there is no severance of fibre, but only a mould- 
ing process. , t 

Materials and Tongs. So also the forms 
in which the materials are rolled are very 
simple and very few. They comprise round rocu 
axid bars of square and rectangular sections, and 
from these almost all conceivable shapes are 
produced by processes which are in their 
essentials few and simple. These (orms have 
their counterparts in the tongs by which they 
are handled [140 to 151], Figs. 140. and 141 
are both flat-hit tonga, for flat bars. The first 
are clpae, the second open mouth — meaning, that 
the former are used for thinner, the latter for 
thicker bars. Fig. 142 is the crook-hU tongs, 
which hold a long bar parallel with the handles, 
secured by the crook or lip on one jaw. Fig 143 
is the hoop tongs, for holding hoops or bars at 
right angles with the handles. Fig. 144 is a 
form of filers for picking up light lengths of rod, 
or holding punches and drifts, and 146 shows 
the pincer tonga. Into the hollow space the 
heads of bolts, collars, and extensions on work 
may enter. The jaws are often notched, or 
veod. Fig. 146 represents the hammer tonga, 
which pick up w’ork having holes, the points 
entering into the holes ; 147 is a form of pliers, 
the jaAvs bt'ing often veed as in 148, and the 
space l)ehind serving the same purpose as that 
in 146. Fig. 140 is the hollow hit tonga, for 
gripping circular bars ; and 150 and 151 are 
flat-oit tongs of two kinds, with edges turned up 
to retain bars sideways. 

All these tongs are handled like 140 and 141, 
though the handles are not completed in the 
rest of the illustrations. As the grip of the 
smith would not be strong enough to hold them 
in close contact around the work, they are 
tightened by a ring, A [140], driven over the 
handles with a hammer. The ring is termed 
the reins, or the coupler, . 

Forging Operations. The processes of 
forging may bo classified broadly as follow; 
lirawdng down, upsetting, bending, punching, 
welding, all of which w^e shall consider in turn. 

Drawing Down. As from a piece of bar 
or rod of uniform dimensions forgings have to 
be made with cross sections of different sizes, 
there are two methods of producing such differ- 
ences. One is by reduction from a larger to a 
smaller (drawing down), the other by enlarge- 
ment from a smaller portion (upsetting). The 
'only alternative to these is welding pieces of 
different dimensions together, but this method 
is reserved for some rather unusual cases, to be 
noticed presently. 

Drawing down is the operation which, when 
conditions are favourable to it, is universally 
adopted. The principal condition is generally a 
length not too great to be reduced conveniently. 
For example, while 152 and 158 are suitable 
cases for reduotion, the relative lengths of the 
sections have to be considered. Wo» is on the 
border line when there is a much greater length, 
B, to be drawn down from the bar of diameter 
A [162]. If the portion B were, say, several feet 
in length, the method of drawing down would be 
very seldom adopted, because of the amount of 
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work it would entail, though the forging would 
be none the worse, but better for hammering. 
Fig. 158 is an excellent case for drawing down. 

Power Hammer Work. Buf a most • 
important governing condition which often 
decides the smith to draw down a greater 
proportionate length than 152, is the posses- 
sion of a power hammer. There is a •vast 
difference in reducing laboriously on the anvil 
by fullering tools and sledge, and doing the same 
work under a steam or drop hammer with a 
falling weight measured in tons. Where such 
are available, the smiths use up any odd chunks 
of metal and reduce them how they choose, 
often drawing down ends from 3-in. or 4-in. pieces - 
of bars, to 1 in. or less at a single heat. The work 
is easy and simple, being confined to turning the 
pieces about between the hammer blows. But, 
obviously, there is a limit to this. Suppose that 
an enlarged end, 6 in. long, has to terminate a 
rod 20 ft. long, it would be practically impossible 
to reduce such a length, or anything approaching 
it, so that drawing down is then out of the 
question. 

Another governing condition is the shape of . 
the enlarged end. In 152 and 163 there is no • 
difference in the shapes of the larger and smaller 
parts. There are cfifferences in 164, 156, and 
156 ; and 164 is on the border line. Its flat 
foot A, and bosses B and C, are not so very 
greatly different in section but that they might 
be formed by upsetting, nor are the lengths of 
the stems so great but that they may easily be 
formed by drawing down from bar of the size 
of B, C, with a little upsetting for A. But when 
there is much difference, as, say, in a tie-rod with 
eyes [156], or a valve bridle [156], the making 
of the eyes has to be considered as of more 
importance than the plain rod. As a general 
rule, with very few exceptions, such eyes are 
made distinct and separate from their rods, and 
welded on to them. . But this also depends on 
proportions, materials used, and on facilities 
afforded by power appliances ; 166 would, if 
made in steel in stamps, be made by drawing 
down. 

If eyes are of small diameter, and the rod 
short, then they are made from one piece, the 
rod being drawn down. If the eye is targe, and 
the rod wxort, the job is on the border line where 
different methods might be selected. If the 
rod be very long, say several feet, then a separate 
plain rod is taken for that, and welded to the eye 
previously forged separately. 

Another condition is that of work having 
arms standing out at right, or nearly right, 
angles. To draw down such pieces, the bar must 
be slit, forked, and opened out. This is often 
done, but, generally, welding^is prefeUible. The 
foregoing are typical of many groups of work 
that occur in the smithy. 

Iron and Steel. Whether a forging be 
made in iron or in steel must often determine 
the preference for one method over another. It 
appues particularly to welding. Welds in iron 
are, with the exercise of reasonable care, as safe 
as solid metal. Those in steel are not so reliable, 
and the risks increase rapidly with higher , 
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contents of carbon. Many engineers will not i 
have steel welds at all, or if tbe 3 i do, they only 
allow them a moderate percentage of the 
strength of the solid bar. The fibrous cl ar .oter 
of iron is eminently favourable to welding, but 
from other points of view it has its drawbacks, 
some of which we must now notice. 

If a bar of steel be used for a forging, the 
smith need take no account of^fibre. That is. 
he can cut it, punch it, and work it to any 
required shape, knowing well that its strength 
will bo alike in every direction. But in working 
iron he has to take account of the direction of 
the fibre of the iron almost as much as the 
carpenter has to consider the grain of the timber 
he uses. Failing to do this, there are many 
forgings, the shape of which is such that they 
would open out or fracture, through the short 
fibre, when subjected to working stresses. A 
hundred examples might be selected, but a 
common loop, or eye [165 and 156], illustrates 
the idea excellently. 

Such eyes, if made in steel, are produced by 
punching a hole and slightly enlarging it by drift- 
ing. But if launched in iron the fibie would be 
short at A, and the chances are that the eye would 
open out or fracture at A, and the risk would be 
the greater because the punching and drifting 
would have tended to separate the fibres there. 
The poorer the quality of the iron, too, the 
greater would be the risk. Such an eye, if made 
in iron, would have to be produced by bending 
rod round, and welding, llien the fibre would 
run round the eye, and would be unbroken 
and of equal strength everywhere. 

Fullering. Drawing down is done by 
direct hammer blows, which method is, however, 
suitable only when the reduction is slight in 
amount. More commonly it is effected by the 
process termed fullering, which effects more 
rapid reduction hy a series of hammer blows 
dealt by the fullers or tools with convex edges, 
as in 167. The re, suit is that the surfaces of the 
bar are indented with a series of corrugations, 
being at the same time reduced rapidly in thick- 
nass. When the greater part of the reduction 
has been effected in this way, the ridges are 
obliterated, and the surface smoothed level, and 
finished with flatters [160]. 

The foregoing is merely a bald statement of 
the work of fullering, which varies in different 
kinds of objects. When a piece of bar of rect- 
angular section is being thus reduced, the 
smith turns it about from faces to edges 
alternately, so effecting reductions at right 
angles, instead of working on faces first and 
edges afterwards. 

Tools for Fullering. When work is 
being fullered on the anvil, the bottom fuller 
may be just like the top one [167], in which 
case the reduction is effected on opposite faces 
of the bar. The bottom one is then generally 
an anvil fuller [129], so called because it is 
fitted in the hole in the anvil similarly to the 
anvil stake. Often, however, the work is laid 
directly on the anvil, and fullered on the top 
face ouly [168]. This would always be done 
when one face of the forging was flat — that is, 
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without a boss or other projection standing up 
therefrom. 

In drawing down an object of circular section, 
the fullers are seldom used, bulf the hammers 
only, from start to finish, because le s labour is 
required to reduce such a section than one having 
flats. Where a power hammer is available, re- 
duction is easily effected between the^ flat faces 
of the tup and anvil, turning the work about 
between each two or three blows [169] to present 
fresh edges, and so effect the reduction uniformly. 
Very often these reductions are effected in dies? 
to which we shall come presently. 

Fig. 160 illustrates the finishing of a surface 
previously fullered, with a flatter, or sett hammer, 
on the anvil ; 161 shows a circular rod being 
finished between top and bottom swages, also ' 
on the anvil, for which spring swages [134 to 137] 
might alternatively be employed, or the edge of 
the swage block [138] and a top swage. In 
162 anotmer method of fullering under the steam 
hammer is shown, a round rod being used to 
effect the fullering, struck by the tup. 

Upsetting. This is the general alternative 
to drawing down, and the conditions suitable 
for its employment are the reverse of those which 
we have stated as being favourable to drawing 
down. If a small enlargement be required at 
the end or central portions of a bar, and not of 
excessive length, as at BG [154], that is a case 
for upsetting. It is not a desirable process in 
wrought iron, because it tends to open the 
fibres. 

The term expresses literally the nature of the 
operation. A short heat, or localised heat, is 
taken only, over the part to \xt enlarged, and the 
metal is thrust out laterally [163 and 164] — 
that is, upset by blows delivered on the end of 
the bar. These arc given by up-ending the bar 
on the anvil, or on the floor- plate, and bumping 
it up and down a number of times ; or, if too 
massive to be handled, it is laid horizontally 
on the anvil, and blows are delivered on the end 
by a swinging monkey. This is suspended from 
a beam by a rope, and drawn back by helpers 
at another rope, and let go to make impact 
against the end of the bar. 

Obviously, the amount of lateral extension 
possible is very limited. An extension of 1 in. 
bar to 2 in. over a length of 2 in. or 3 in. would 
be a very considerable quantity of upsetting to 
accomplish. So that this device is seldom 
adopted, excepting on short lengths, and then 
generally when the original size of bar is of good 
length — say 2 ft. or upwards. If shorter than 
this, drawing down is preferable. 

If much enlargement bo necessary, then the 
fibres should be closed and consolidated after- 
wards by hammering them at at'.wclding heat. 
In iron it is generally preferable to resort to 
welding. 

An upset portion is always of rather irregular 
shape, and correction is necessaiy, if definite 
shapes are required. Thus the collar [165] can 
be produced from, on upset mass by subsequent 
swaging. But if two collars were required [166] 
the work would be simplified by welding the two 
on as rings, as shown, rather than by upsetting 
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and swaging. The article in 16'{ looks like a 
job for upsetting, but it is not so. The dis- 
crepancy in stem and body is too great. The 
proper way to make this also is by welding the 
stem to the body, as in 168. 

Bending. This operation is constantly 
being done, generally alternating with other 
operations. Some jolis are practically “ all 
bending.” It is accomplished fh many ways, 
and, with few exceptions, at a red heat. Some 
objects cannot be produced by bending, and then 
welding or some other device, such as stamping, 
is the alternative. 

Bending can be performed properly only 
when the radius or angle is such that the inner 
layers of. metal are not crumpled, nor the outer 
ones attenuated. What happens when a bar is 
bent is that the layers of the inner curve are 
squeezed into and occupy a shorter distance, 
and the outer layers are extended and occupy 
a longer distance. Between the zones of com- 
preased and extended fibres there is a layer — 
the neutral axis — where the fibres undergo 
neither change. This, it is well to observe, is 
the zone on which the aotRal dimensions for 
curved work have to be measured. 

Limitations of Bending. Now, it is 
easy to see that iron and steel are only capable 
of moderate compression and extension ; steel 
more than iron, but limits are set to both. 
The greater the distance between the neutral 
axis and the extreme edges, the harder will 
be the work of bending, and the greater the 
amount of crumpling and stretching. Thus 
the bar [169] would be easily bent to an acute 
angle as shown, but the broad, flat web of 
the bell crank lever [170] would be very difficult 
to bend, and should preferably be formed by 
welding two webs at right angles. 

Bending is often preceded by division of a 
bar. Thus, 171 to 173 represent three successive 
preliminary stages in the making of a forked end. 
In 171 the bar to be used is divided from opi)osite 
faces with the hot sett [125] ; in 172 it has l)een 
partly opened out ; in 173 spread out more, but 
without nicking of the fibre at the root. TOen 
in 174 it is finished by hammering round the 
form A held in the anvil (or other equivalent 
fastening). Other examples of aids to bending 
on the anvil are 175, a block for short radii ; 
176, a block for turning complete rings, done 
alternatively on the anvil beak [177]; and a 
block [178] for bending bars to angles ; 179 is 
the conical stand for bending rings. 

The methods of bending are therefore varied. 
Bars are bent by pulling them round mandrels 
with the tongs or the hands, or by hammering, 
or pulling and hammering alternately. Mandrels 
are any loose rods selected of the size required 
for a given radius, and are often held in the hand. 
Often they are specially made to fit in the hole 
of the anvil. The holes in the swage block servo 
as leverages for bending bars inserted therein. 
The anvil beak is utilised as a mandrel. Many 
bending blocks are made for special jobs, used 
apart from the power hammers, or with them. 
The shop conical mandrel stand is used for 
bending large radii and rings. 
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Welding. The ability to unite two pieces 
of wrrought iron or steel at a white heat is work 
peculiar to the smithy. This property is invalu- 
able both from constructive and economi&l 
points of view. It would be extremely difficult 
to manufacture some classes of objects without 
this aid ; it would increase the cost greatly in 
a larger number of cases. 

The difference between welding and soldering. 
ot brazing, the operations which it most re- 
sembles, are that these are effected by a cement-* 
ing material applied between cold surfaces, while 
w'clding is an autogenous process in which sur- 
faces are united b^ impact or pressure while in a 
semi-fused condition. A good weld is as strong 
as the unwelded portions. 

The forms of welds are varied with the shapes 
and relations of the parts to be united. They in- 
clude the scarfed form, the best and most common ; 
the hitU, least satisfactory unless the surfaces 
united are of good area ; the vee, and its allied 
form, the glut. In any weld joint the expulsion 
of the scale is an essential object, and so wo 
find that certain precautions are taken in making 
the joints, the reasons for which would not be 
understood by a beginner. 

The Scarf Joint. Fig. 180 shows two 
ends prepared by scarfing for this form of weld. 
There are three points to notice — the length of 
the scarfing, the upsetting, and the convexity of 
the opposed faces. The length is properly about 
that shown. A shorter scarf gives less holding 
area, and in a much longer one there is risk of 
some of the scale remaining entangled in the 
joint. The upsetting, or enlargement, is imparted 
in order to give excess of metal over that of the 
body of the bar. If this were not done the 
welded part would be smaller when finished 
than the rest of the bar, and therefore weakened 
and unsightly. The convexity is imparted tcr 
cause any scale present to be squeezed out b^f 
the act of welding. Fig. 181 shows the appear- 
ance of the joint after it has been closed, and 
182 after it has been swaged and finished neatly. 

The Butt Weld. This [183] is, as its 
name implies, a weld in which two surfaces, 
either quite flat or slightly convex, arc brought 
into opposition and welded. The process when 
applied to flat surfaces is often termed dabbing 
on. Bosses aro welded thus to plated portions 
to avoid the labour of drawing down the plated 
part from the boss. Rods and bars are welded 
at right and other angles by this form of joint, 
alternatively to the vee and scarf. The same 
precautions are taken as in making the ordinary 
scarfed joint. 

The Vee Weld. A vee wold [184] may 
be regarded as a double scarfed gne. Its value 
lies chiefly in making joints a Wight or other 
angles rather than in straight lines. It is con- 
sidered more reliable than a plain, scarf, but is 
not so quickly made, and is not employed to so 
great an extent. The upsetting and the con- 
vexity of the meet ng faces are embodied as in 
the scarfed form. Fig. 184 joins two bars in 
line, 185 two at right angles ; 186 is a common 
alternative showing the preparation for one form 
of’ scarf weld at right angles, where both the 
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upsetting and convexity are endxxiied ; 187 
shows the usual way in which* an end is upset 
for a scarfed joint. The bar is held at an angle 
across the edge of the anvil and spread out by 
blows on the fullering tool. Afterwards it is 
smoothed by hammer blows. 

The Glut Weld. A glut weld [188 and 
189] is a variety of the vec. It is, however, 
employed more by boilermakers tnan by smiths. 
The latter use it chiefly in welding up rings of 
rectangular cross section, but it is alternative 
to a scarfed joint. 

Precautions. The precautions to be taken 
in welding are few in number but very essential, 
as follow. 

The heat for welding must be graded accord- 
ing to the material. Iron may be, and is gener- 
ally, raised to a heat so white that globules 
of metal drop from it as it is taken from 
the fire to the anvil. But such a temperature 
would ruin steel by producing burning or oxi- 
dation. A full white heat is the limit for 
steel. There must bo no scale (oxide) or dirt 
present on the faces to be unit^. Therefore, 
the heat must be taken in a hollow fire away 
from contact with coal. Sand or other flux 
is dusted on the metal in the fire before it 
is removed to the anvil. A file is often brought 
into requisition to remove scale. Sand is dusted 
on the work at. the anvil, and over the anvil 


on which it is laid to be welded. All these pre- 
cautions are more essential with steel than iron. 

The closing of the weld must be«done 
and with li^ht rather than heavy blows. Gener- 
ally the hand hammer only is used, the sledge 
following after, or being reserved only for massive 
work. If the weld be not closed in ai>out the 
first eight or ten seconds, no amount of subse- 
quent hammering will make it good, because the 
necessary heat will be absent. A weld can be 
made only when the surfaces in contact are • 
nearly at fusing point. Afterwards the jointed 
portion is finished neatly at leisure. [See also 
Welding, in Metals, page 1848.] 

Punching. A good deal of forging involves 
the making of holes by driving a punch through 
the metal and enlarging the same laterally — drift- 
ing. The operations are, therefore, distinct, 
though often employed on one piece. Thus a 
largo hole cannot be formed by punching alone 
apart from power aids. The practice at the forge, 
therefore, is to punch a small hole, say, of J in. 
or 1 in. diameter, and enlarge it by driving 
tapered drifts through it. 

Obviously, a process of drifting has to bo 
employed carefully, bearing in mind the remarks 
already made respecting the opening out of the 
fibres by upsetting, and the short fibre in some 
shapes. Thus the eye in a previous illustration 
[156] would not be a suitable article for forma- 
tion by punching and drift- 
ing ; but it would bo mucli 
worse if made in iron than 
in steel, because steel has no 
difference in fibre. Another 
reason is that steel has from 
three to four times the due- 
tility of iron, and will there- 
fore endure as much more 
stretching. These are points 
that have a very important 
bearing on the selection of. 
iron and steel for a given job. 
The use of mild steel, highly 
ductile, has changed much of 
the work of the smith, lessen- 
ing welding and multiplying 
the forms that can be pro- 
duced by the aids of punching 
and drifting. Fig. 166 would 
very well bo made in steel if 
the hole w^e punched out at 
once, nearly or quite, to full 
size. But it would be bad in 
iron because of the short fibre 
at A, and worse still if drifted. 
The same remarks apply in a 
slightly less degree to 165. 
But 154 would an excellent 
case for punching and drifting. 

Proper Employment of 
Punching. The proper pl^ * 
of punching and drifting 
ox>erations, therefore, is in the 
smaller eyes and bossed ends, 
and if in steel, the larger ones 
also. The effects of excessive 
extension of fibre in steel con 
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be largely counteracted by compression in the 
contrary direc^on, work which is best done 
in dies coercing the outside. 

The methods of punching and drifting at the 
;nvil are as follow. 

The piece of work to be punched, being brought' 
to a white ?T full red heat, is laid upon a holster — 
a ring with a hole in it for the punching or burr 
to fall into. The punch, generally handled by 

r hy rods, or iron rods, is driven by a sledge. 

the work be shallow the punch will go right 
through ; if not, the work must be turned . over 
and the punch driven from both sides, meeting 
in the middle. If the mass of the boss be small, 
it will be enlarged by the act of punching, and 
will have . to . be . corrected subsequently. , If 
large, the metal will hot yield sensibly in the 
lateral direction. 

Drifting. Driftiim means the insertion of 
tapered drifts made in sizes required. These are 
driven through with a hammer, successive ones 
})e\ng insert^ until the required dimensions 
are obtained. Reheating may have to be done, 
because drifting stresses the material severely, 
r.nd must, therefore, not be done except^ at a good 
red heat. Generally the outside is corrected 
with hollow swages while the drift remain.^ 
in its hole, and this consolidates as w'ell as im- 
parts a neat finish to the bossed portion. 

Die Forging or Stamping. Hitherto we 
have considered the work done at the anvil by 
methods that vary little in the hands of the 
country smith or the engine smith in Ibh’o factory. 
But this is becoming a rapidly lessening volume, 
invaded by the work of the dies and power 
hammers. The subject is a wide one, and the 
practice is greatly subdivided now, being alike 
adaptable to the preparation of a few similar 
forgings or of thousands. W ork may also be done 
partly at the anvil and partly in dies, or wholly in 
dies. A big piece may require two or more lieats 
for its completion, or three or four small pieces 
may bo forged at one heat. A good many different 
types of hammers and of forging presses are 
used in this work, actuated by steam, belt, board, 
compressed air, and water. Some shops will have 
but one hammer or press, others will number a 
hundred or more. The work has become of. a 
cut and dried character, and grows more highly 
specialised constantly. 

Removal of Fin. The principles of die 
forging are simple enough ; the details tend 
to increase in complication. One difficulty 
lies in the formation of fin. That is, if“*a lump 
of metal be squeezed between dies, the surplus 
material becomes squeezed out between the 
joints of the dies, and forms fin. This has to 
be got rid of. There are two ways of doing 
so, depending on the shape of the forging. 
One is by obliteration, the other by cutting off 
in stripping dies; The first is sUltaible 'ohlJr 
for pieces that can be turned about in the 
dies, and these are only those of circular and 
square sections. Thus, in 190, a bar k in 
course of reduction between dies, /but the 
dies cannot close and finish the ba^ to the 
circular form because of the extensiotti|^f the 
fin into the joints. But if the bar beeiarned 
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round as in 191, the fin will be obliterated 
Ijeing squeezed into the body of metal. More 
fin, but a less amount will form, of eoiirse, in 
the joints, but by turning the bar round con- 
stantly during the time it is being reduced the 
fin wifi be obliterated as rapidly as it is formed, 
«^nd a truly circular shape will result. This fact 
also explams why in simple circular dies square 
edges are liot necessary or even desirable, but 
a slight convexity is usually imparted as being 
favourable to the expulsion of fin, and to the 
turning round of the bar [192]. There is enough 
of the circle left to ensure the production of a 
circular shape on the bar which is being rotated 
in the dies. Bolts are forged in quantity in 
dies of-thia shape in the Ryder forging machine. 

Other Methods. But take ally object 
that cannot be rotated, and the inevitable 
formation of fin renders some other device for 
getting rid of it necessary. It' may be re- 
moved either by a hand hammer, a few 
blows from which will detach it all round the _ 
hfitmor^g, or, iii a i>ctler 'system, by* 
stripping dies ; thus, 193 shows a double-ended 
lever with the fin as formed around it during 
the act of forging. The stdjpping die [Id^] has 
the same outlines as the recdss in j*the 'forging 
ffie, and its lever. But it is pierced right through 
to those outlines, so that when the forging is 
hammered down into it, the forging drops 
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through, leaving the fin. A, upon the face. In 
some forgings mis stripping has to be repeated 
more than once. In another form of die the 
fin is squeezed out sideways, and left on the 
forging, to be cut off at any subsequent time. 
The die faces are then either recess^ [196], or 
sloped [196], to receive the fin, the latter method 
Ijeing preferable. • 

The question might bo asked whether it is 
not possible to estimate the amount of metal 
required to produce a given forging 
without having an excess of fin. It 
is in forgings of some shapes, but not 
in others. When forgings are of 
tolerably uniform section throughout, 
fin may bo reduced to a small amount. 

But when there are big variations in 
the dimensions of adjacent sections 
the forniation of fin in the produc- 
tion of the smaller sections is unavoid- 
able. And when stripping dies are 
used they are arranged so that no 
appreciable amount of time is lost. 

They are either mounted alongside 
the formative dies under the sanio ^ 
hammer, or on a hammer close ad- 
jacent, so that the man can change 
the forging from one to another in 
a moment. 

Punching in Dies. Tliisis 
done in several ways. In the 
engineers’ smithy a common de- 
vice is to use a guide plate for 
the punch, either dowclled on 
the die, or dropped within it 
over, the forging , as in A 
[197]. ‘ The punch is then 
bound to prod 11(50 a central 
hole. The next [198] 

shows a drift being driven 
through a hole without 
effecting much enlarge- 
ment. A is the bolsU‘r, 



fullering die, B shows the broad forming dies, and 
C the cutting-off dies. This enables a nun|ber 
of forgings to be made from a long bar. 

There is, however, an important difference 
^besides that of the numbers required off given 
forgings. The articles made in stam^iing slijqps 
are mostly of small dimensions and, therefflfe, 
they are eminently suitable for wholesale 
treatment. But engineers’ forgings comprise 
many examples of massive work. Now, such 
articles are not adaptable to die forging, some 
special cases except^, and they^are not wanted 
in largo numbers. For forgings of medium 
dimensions the method just mentioned is 
adopted. For some also the hydraulic press is 
used, notably in the railway and waggon shops. 

‘ One of the difficulties in dealing with heavy 
work is the massive character of the dies useci. 
These are made in cast iron or steel, neces- 
sarily massive and strong to withstand the 
impact of hammer blows, or the pressure of 
the hydraulic machines. Often they have 
to be hooped to prevent fracture. When a 
cast die gets much beyond 15 in. or 
18 in. across, it becomes awkward to 
handle, and liable to break unles.s 
designed in a very careful fashion. 
Dies. Cast dies arc mostly re- 
served for relatively massive work. 
Small ones are generally cut out of 
solid steel. This is often a tedious 
operation, done in machines, or 
with chisel, hammer, and file 
For forgings of intricate shaj)es 
they are costly, but if tin.* ex- 
pense be spi*ead over a 
large number of forgings, 
a die costing several pounds 
may cost only a fraction 
of a penny per forging 
made. 

• Tlie dies of the engine 
smithy are frequently in* 


Fig shows punches, a a, gos. nyDRAUuc foroino. prkss making steel dependent ' of the hammer 
eml)odicd in the dies them- buffers at swindon locomotive works which they are used, 

selves, Avhich is generally 


done when the work is ° " 

produced in large quantities. Fig. 200 shows a 
pair of dies that fit with dovetails into both 
anvil and tup. ' • ' • ; 

Figs. 2P1 to 204 are some examples of engineers’ 
dies. The point to note in these is that the 
complete forging is not included in the dies, but 
only bossed ends. A good deal of such work 
is done in engineers’ smithies. 

Stamping, in the regular stamping shops 
the anvil occupies no place in the scheme of opera- 
tions, but the hammers and dies arc ubiquitous; 
Fig. 295 illustrates an arrangement where" small 
work is being done in quantity, the “ Brett'” 
system. This .serves two drop hammers, to 
right and left, under which two sets of work 
are being finished. There is also a trimming 
press for removing fin locally. The arranger 
ment: shown enables two ’ forgfefs , to ^ rough out 
at the central hammer, leaving only the slight 
amount of finish to be done in the dies at the 
otlier hammers. In 205, A is a nicking or 
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laid on the anvil, and the 
top die laid over it, with the forging between, 
and is struck by the descent of the tup. But in 
the stamping shops the bottom die is attached to 
the anvil with set screws or with a dovetail, and 
the top one attached to the tup with a dovetail. 
The smith then only has to manipulate the forg- 
ing with his hands. Generally, except in heavy 
machines, ho regulates the vertical movements 
of the tup with one of his feet, operating a lever, 
so leaving his hands unfettered for the forging. 

• A typical smithy is shown in. 206. On the 
left are* the forges, served by swinging jib cranes, 
bn the right the anvils and steam hammers. 

' Fig. '2^ shows a pair of drop hammers for 
die forging, worked by lifters in a cylinder 
operated by steam or compressed air, moving 
a wing piston. The tup is hoisted to the 
de.Hired height . aQ4. then allowed to drop. Fig. 
^8 is a hydraulic press, being more ^werfuJ 
than the drop hammers. 

JOSEPH G. HORNER 
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SPANISH 

Before beginning the study of the Spanish 
irregular vorbs^ and in order the more thoroughly 
to master the application of the rules given in 
cthe previous lessons, the student should translate 
the two following Recapitulatory Exercises, in 
which most of those rules are to be applied. 

Exkbcise XLII 

to word redactar to declare dedararae 
to come in entrar to help ayndar 

to happen suceder to hear oir 

to find out avefiguar to find encontrar 

to resign dimitir to return regresar 

to approve aprobar to pass pasar 

toijroublo molestar to cause camar 

to throw echar to bear soportar 

to fight pelear to incline inclinarae 

to overcome veneer the water el aqua 

to suffer aujrif a leaf una hoja 

to have just acabar de the lift el ascensor 
the sea el mar the noise el ruido 

the cup /a tarn dismay espanto 

the staircase la escalera a concert un concierto 
the rustling el susurro the strike la huelga 

horror horror weary fatigado 

a place tin siiio hostilities hoaiilidadea 
Castilian caatellano a guest un invitado 
a relation un pariente the choice la eleccion 
the solitude la soledad the passion la 2 yasi 6 n 
the avarice la avaricia destitute desprovisio 
how ctidn campaign campana 

severities rigores the hotel la Jonda 

the capital la corte the army el ejercUo 

the first time la primeravez 
notwithstanding sin embargo 
not anywhere en ninguna parte 

His Majesty 8 u Majestad 

the Ambassador el Embajador 
the appointment el nombmmiento 
an explosion utm explosidn 

plenty of time tiempo de sobra 

the darkness la obscuridad 

to approach acercarse 

to have lunch almorzar 
to ride (a horse) montar d caballo 
to shoot (game) cazar 
to confer benefits hacer bien 
the damage el desperfecto 
fond of aficionado d 

patiently pacientemente 

exactly exactamente 

the privation la privacidn 
through train tren directo 
the visiting-card la tarjeta 
base-minded people villanoa 
Christmas Eve el dia de Noche Buena 

the advertisement el anuncio 
Chamber of Deputies Cdmara de Diputadoa 

FRENCH. HERMAN, SPA 


By Jos^ Pld Carceles, B.A. 

a treaty of commerce un tratado de comercio 
The Minister fvbr Foreign El Miniatro de Eaiado 
Affairs 

1. Los invitados eran, en su mayor parte, 
parientes y amigos, suyos. 2. Acababan de 
almorzar cuando nosotros entramos. 3. Yo lo 
ayiule A redactar la solicitud. 4. NodejeVd. do 
ir el dia dc Noche Buena. 6. A1 oir (on hearing) 
la explosion nos acercamos A la fAbrica para ver 
quo habia sucodido. Los desperfectos fueron 
importantisimos, calculAndose las p6rdidas en 
varies miles de libras. (5. i Averiguaron Vds. 
el nombre del viajero quo comio con nosotros 
en la cstacion dc Valladolid ? 7. Mo di6 su 
tarjeta pero debo haborla perdido pues no he 
podido cncontrarla cn ninguna parte. 8. Aquella 
fuA la primera y ultima vez que lo vi. Algunos 
mcscs despues me escribio mi hermano para 
decirmc que lo habia visto en un hotel de 
NApoles. 9. Era alcmAn pero hablaba el cas- 
tcdlano tan bien como un espanol. 10. i Le gusta 
A Vd. vivir en el campo? M. Si, soy muy 
aficionado A cazar y montar A caballo. 12. 
Se cree que el Gobierno dimitirA tan j^ronto 
como su Majestad el Roy regrese a la Cortts 

13. Segun cl Ministro do Estado, es probable 
que manana so firmo ol nombramiento del 
nuevo Embajador dc Espafia cn (to) Francia. 

14. La CAmara de Diputados do Colombia 
acaba dc aprobar un tratado do comercio 
entre aquella nacion y los Estados Unidos. 

15. i Ha pregun tado alguicn por mi? 16. No; 

pero creo que hay dos cartas para Vd. 17. 
Haga Vd. el favor de dArmelas. 18. i Creo Vd. 
que esta noche habrA en el concierto tanta 
gente como anoche ? 19. Es probable quo 

haya mAs, pues segun los anuncios, cantarA 
un nuevo tenor. 20. So teme quo sc declare la 
huelga general cn todas las provincias. 21. i Es 
Aste ol tren directo para Mad^-id ? 22. No ; 
el tren directo sale del andAn numero cinco. 23. 
I A quo hora llegaremos A Burgos ? 24. A 
media noche aproximadamente. 26. Permi- 
tamo Vd. que pasc. 26. Con mucho gusto.' 27. 
I Sabo Vd. cuanto tiempo para aqui el tren ? 28. 

No lo bA exactamente, pero creo que hay tiempo 
de sobra para tomar una taza de cafA. 29. 
Perdone Vd. quo Ic molcsto tanto : i Conoco 
Vd. alguna buena fonda cn Toledo que no sea 
demasiado cara ? 30. Cerca de la cstacion 
hay una bastante buena donde so habia francAs 
A inglAs. Las habit acioncs del ultimo piso no 
son muy caras. 31. iHay ascensor? 32. No; 
pero la escalera es muy comoda. 33. Siempre 
he oido deeir que (el) hacer bien A villanoa es 
echar agua en el mar. 34. De todas las pasiones 
la avaricia es la mAs difictl do veneer. 35. Los 
espafioles — segAn Solis — siempre que tienen 

NISH, LATIN, ENHLISH 
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elecci6n, se mclinan & lo m&s dilkil. 36. La 
soledad del sitio, la obBciiridad de la noche, el 
ruido del agua y el susurro de las hojas causaban 
horror y cspanto al viajero fatigado. 37. El 
ej^roito de Washington, cuando las hostilidades 
comenzaron en America, estaba dcsprovisto 
de todo lo necesario para soportar los rigores de 
una campafia de invierno y, sin embargo, ;cuan 
noblementc pelearon y cu6.n paciedtemente suf- 
rieron los soldados todas (every) las privacioncs ! 

Exercise XLIII 

to attempt * intentar to become convertirse 
to command to prefer preferir 

to go round darlavueltaiof&W caer 
to sack saquear to capture captnrar 

to leave aalir to render prestar 

to lead orientar a comedy una comedia 

a task una iarea the critic el crilico 

the art el arte a caravel una carabela 

the world el mundo a victor un vencedor 

a pension unapensi&n a habit un Mbito 

the object el objeto the appeal la apelacion 
a ditch una zanja blind ciego 

serious serio the aim el objetivo 

beautiful hello the loyalty la lealtad 

a ducat una ducado recovered restablecido 
cents centimoa due dehido 

whatever lo que the empire el imperio 

a colonel un coronet the admiral el almirante 
the clouds las nubes the dew el roexo 

to commemorate conmemorar 
to demoralise desmoralizar 
to remember acordarse 
the retrogression el retroceao 
the degradation la degradacidn 
the vanquished los vencidos 
the impatience la impaciencia 
all others todos los demds 

the animalism laanimalidad 
the memory la memoria 
unfortunate desgraciado 
the regiment el regimiento 
the commander el comandante 
the brute force la ftxerza bruta 
a masterpiece una obra de arte 
the blue sky el cielo azul 
the green^rass la hierba verde 
to conquer conquistar 

to be bored ahurrirse 
to settle cancelar 

to undertake emprender 
the coat-of-arms el escudo de arrms 
to agree with estar de acuerdo 

it is the same for me me ea igwd 
seriously ill gravemente enfermo 

a matter of taste una cuestion de gtLsto 
to spend the time pasar el tiempo 
the return journey el viaje de vuelta 
an immense booty un inmenso botin 


1. We have come by (the) train. 2. Where did 
you spend the night? 3. We have been 
travelling s'n Je yesterday aftemo^n. 4. Hoy 
much do I ove you ? 6. You owe me seven 
pesetas and 25 cents. 6. How many pence are* 
there in a peseta ? 7. ^ peseta has 100 cents, 
which are about tenpexroe. 8. Did myb friends 
pay you ? 9. They settled their account before 
you arrived. 10. Have you (got) change for (de) 
a five-pound note ? 11. I t hink so. Do you 
want silver or gold ? 12. It is the same for me. • 
Whatever may bo better for you. 13. Pizarro 
conquered the Empire of the Iiftlas with less 
than 200 men. 14. Have you ever been in 
Peru ? 15. Last year I spent two months at 
Lima. It was an extremely interesting journey. 
My sisters are there now. 16. How are they ? 

17. According to the last letter we have received, 
one of them — the youngest — ^is seriously ill. 

18. I hope she is (que ya eatard) quite recovered , 
by now: 10. Why did you not applaud your' 
friend^s comedy ? 20. I did not like it. I whs 
bored. 21. To write a good comedy is a some- 
what difficult task. 22. I agree with you He 
ought not to have attempted it. 23. However, 
several critics assert that it is a masterpiece. 24. 
Probably (tal vez) they are right. After all, it is a 
matter of taste. 25. Where impatience has 
become a habit, failure is certain. 26. Do you 
wish to undertake the return journey by sea ? 
27. I should prefer it if it were possible. 28. The 
regiment commanded by Colonel Lopez sacked 
several towns, capturing an immense booty, 
which was afterwards distributed among the 
soldiers. 29. The Spanish caravel “ Victoria 
was the first ship which went round the world. 
She left Spain on Sept. 20, 1519, and returned 
on Sept. 6, 1522. 30. The Emperor Charles V. 
granted to Sebastian del Cano, the last com- 
mander of the Victoria,’’ an annual pension 
of 500 ducats and a coat of arms commemorating 
the services he had rendered to Spain. Cano did 
not always remember the loyalty due to the 
memory of his unfortunate admiral, Fernando 
de Magallanes. 31. The appeal to brute force, 
which we call war — Novikow writes — ^is always 
a degradation, a retrogression into the animalism 
that demoralises the victors as much as the 
vanquished. 32. In all nations there are, and 
will probably always be, a certain number of 
men whose uves omy have for (their) object to 
make as much money as may be possible, 33. 
When the blind leads the blind, both fall in 
the ditch. 34. The aim of Art, Buskin says 
(dice), is as serious as that of all other beautiful 
things — as that of the blue sky and the green 
grass, the clouds and the dew. 

Continued 


I GERMAN By P. G. Konody and Dr. 05 te^ 

LIX. Comparison of Adjxotivbs (continued tern) and auf^ (auf bas). Some monosyllabic 
from LV). In the comparison of predicative adverbs often add the suffix •tnf (fpat late, 
ad jectives and corresponding adverbs of manner early, ^ etc.), 

(which are not subject to declension) the super- Examples : ^er fficgel fd^ndt, the bird dies 
lative is formed with am (contraction of an quickly; bet ffirgel piegt f^neller, am fd^neUflen, or 
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. aufiS (Scftnedftf. !Die. (©ac^e ifl auf^ 35ej!e ertcbiftt 
tho matter is settled in the best way. The ad- 
^verbs ta(D, s©on, eailyj and ^cru, willingly, gladly, 
form the comparison irregularly : 

1. Kalb, 2. cl)cr, 3. am c()eilfn. 

1. gern, {2. Uebei^ 3. am licbfteu. 

1. TJJie comparative^of inferiority is formed 

with the comparatives treuiv^cr or minber, less, 
and nic^t fo . . . . ah^ not so .... as, which, of 
course, precede the adjective, adverb, or parti- 
ciple; ®ie ?inbe ifl bie ill mniu^er 

fc^atiig (or fo ft^atrig) wU bic ^iiibe. The lime- 

tree is shady, the poplar is less shady than (not 

so shady as) tho lime-tree. 

The degree of mutual qualities may also be 
compared by mc^r .... aid, more .... than, and 
twniger .... aid, less .... than : Tae< .^^aitd ijl 
toeutget l^od^, aid ed breit ifl, The house is less high 
than it is wide. 

2. The superlative is generally used with the 
definite article. Tlie comparative may be used 
with the indefinite article, but not the super- 
lative : ein Jungcrer <So^n, a younger son ; bet 
jungfle <So^n, the youngest son. 

The definite article is dropped in the form of 
the English possessive or Saxon genitive, which 
the German language has borrowed from the 
English: JDie gregte Xat 91elfcnd, the greatest 
deed of Nelson ; but : 91e(fund gvogte lal, Nekon’s 
greatest deed. . The article is also dropped in 
several adverbial genitives like bejlfiifalld, in the 
best case ; fc^Ummaettfalld, in the worst case, etc. ; 
and in names of materials in advertisements, as : 
bcflfd OK, best oil ; fcinfle <Seifc, finest soap, etc. 

The indefinite article is sometimes employed 
with the superlative if the superiority expressed 
is absolute. The superlatives aUerliebfl (in the 
sense of “ most charming ”) and (last) are 
absolute, and can therefore be used with tlie 
indefinite article: ein atlerlieblled Slldbd^rn, a most 
charming girl : ein te^tei9 SlHttel, a last means, etc. 
The plural is, of course, formed without article; 
allerUebfle SDlabcben. 

3. As in English there are in German several 
adjectives which, owing to their definite nature, 
admit of no comparison whatever. Among them 
are those which denote certain geometrical forms 
and materials. A three-cornered obj ect naturally 
cannot undergo any comparison of superiority, 
as a higher or lower degree of this quality is 
excluded ; (Sifern, of iron ; gotben, golden ; jllbctn, 
of silver ; fteintrn, of stone ; brei'etjig, triangular; 
ac^jigidfing, eighty years old; funftig, future; 
boi)i|?elt, double; ein#, mel;rfllbig, mono-, dis-, 


multisyllabic ; and similar words, of which the 
positive already expresses the only and 
ultimate degree of <|uality. Seer, empty, and 
IH'U, full, do not belong to this group, as they 
admit relative comparison : a hall, for instance, 
may be emptier or fuller than another. 

Lx. SlTPERLATlVE FoRJVlEl> BY CIRCUMLO- 
CUTION. The superlative forme<i with am is 
used relatively (comparatively) with jmedicative 
adjectives and adverbs : ?lm beflen ill baei SBrot, 
menu fit iiicbt pt iff. The bread is best when 
it is not tW new. 3)if .ifinber iinb flci^tg, menu jte 
allfin jtnb, aber am flfigigjlfu im 'I'ei'fcin bcdil'clpcr^; 
The children are diligent when they are alone, but 
most diligent in the presence of the teacher. 

1. Tho superlative formed with auf^ is 

generally used adverbially and absolutely, 
without comparison, thus denoting a very high 
absolute degree of a certain condition: :3d) U'urbe 
awfii!^ 33f|Kc empfangen, I was received in the best 
way ; ii^ b>ar auf^ '©d^limmfie gefaftt, I was prei)ared 
for the worst ; ft mar auffJ iibcvrafd)t', lie 

was surprised in the highest degree. 

2. Adverbial superlatives with tho root-form 

-jl are usual with adjectives ending in -ig and -lic^ 
(generally in the absolute sense) denoting polite- 
ness, devotion, etc. : an'gelegfntlid), concernedly, 
urgently, pressingly, angelcgentlid^-fl ; cbr'nbiefig, 
reverentially, elpcvbifttg-fl ; politely, id) 

bitte l)cflic^-|K, I beg most politely ; fagen ($ic mir 
gcfal'lig-fl, Will you kindly tell me ; pigen ©ie miv 
gutigft, Will you kindly show me, etc. But 
besides these there are some adverbial super- 
latives with -iK, which are used in a relative 
sense: 'K^vingen ^ic mir mi\^li(!^-fl fc^nelb Bring mo 
as quickly as possible ; fie gab mir bie minbefl fcbibte 
iWofe, She gave me the least beautiful rose, etc. 

3. Tho adverbial superlative formed with -en^ 
is generally used in an absolute sense: id) baiiFe 
3l)nfn fd)thpKfn^ (or bcileiif^), I thank you very 
much ; but never id) banfe 3t)nen berpicbftciu’*, 
I thank you most heartily, as ^erplid) is dis- 
syllabic and belongs to the group of adjectives 
ending in -lid) which tfike the root-form of the 
superlative with -fl : l)cr;(lic^-fl. 

4. Hcveral adverbial superlatives with -ft and 
the prefix pi are used relatively, tho latter 
being sometimes wx'itten separately: pi l)od)|K, 
highest ; pi liffjl, lowest ; and sometimes con- 
tracted with the superlative: picrjT, firstly; 
jU,Ubt, lastly ; pimcifl, mostly. 

6. Several adverbs of place have corresponding 
attributive adjectives, which are used adverbially 
in the superlative. 


Positive Adverb 

Attributive Adjective 

Superlative Adjective used 
Adverbially 

au^en 

innen 

oben 

unlen 

(l^te)n{ebm 

^inten 

vom 

mitten 

out, on the outside 
within 

above, overhead 
below, beneath 
down, below 
behind 

before, in front 
in the midst, 
in the middle 

■ au^er 
inner 
ober 
unter 
nteber 

Winter 

borbet 

mittltt 

(mittel) 

outward 
inner, intrinsic 
upper, higher 
under, below 
low, lower 
behind, after 
fore, front 
middle, mean 

au§erft 

inncvft 

cberft 

nnterrt 

niebrrft 

l^intftft 

borberft 

mittelft 

utmost, extreme 
inmost, innermost 
uppermost, highest 
lowest, undermost 
lowest 

hindermost, last 
foremost 

midst, middlemost 
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LXI. Irregular Verba* some combining strong and weak elements* some with irregular 
inflections. In the table below, rcnnA, to run, is conjugated with feitt. 


Infinitive 

1— .1 . 1 1 

Present Tense 

Impei 

Indicative 

EIFECT 

Subjunctive 

Impera- 

tive 

Past 

Participle 

briiifleu 

to bring 

id^ bring -e, -jl, -t 

i^ bradf)t« 

i(^ brddgte 

6vin9(e) 

gebrmi()t 

bftnfen 

to seem, appear 
to have per- 
mission, may 

te bftn^ 

eel bdud^te 

es bdud^te 

bftnfe 

gebdtt^t 

bftrfen 

idb barf, barffl, barf; mir 
bftrfen, bftvft, bftrfen; 
subj. : ic^ burfe 

i(^ bnrfte 

id^ bftrfte 


flrtutft 

fbnnen 

to bo able to, 
can 

„ fann, -fl, fann; mir 
fonnen, fennt, fennen ; 
subj. : id^ fenne 

„ fonnte 

„ fonnte 


gefonnt 

marten 

to grind 

„ inal)l-e, -fl, -t 

„ mal)lte 

„ ma^lte 

malg((e) 

gemaiglen 

mogen 

to be able, 
like, wish 

„ mag, -fl, mag; mir 
megen, megt, megen ; 
subj. : ic^ mege 

„ med^te 

„ mo^te 


gemod^t 

mftffen 

to be obliged, 
must 

„ mug, -t, mug; mir 
mftffen, mftgt, mftffen ^ 

„ mugte 

„ mugte 


gemngt 

faljtn 

to salt 

„ fatj-f, -fi», -t 

M faljte 

» 

falj(e) 

gefaljen 

fcKen 

to be obliged, 
shall, ought 

» fed, -fi, fot( ; subj. : 
i(^ foKe 

M f^Jllte 

„ fc((U 

— » 

gefoflt 

fvalten 

to split 

„ fbalt-e, -efl, -et 

„ fvaltete 

„ fb^dtete 

fvalt(e) 

gefbalten 

wilfen 

to know 

„ meig, -t, meig ; mir 
miffen, migt ; subj. : 
id) miffe, -eft, -e 

„ mugte 

„ mugte 

miffe 

gemngt 

tooKen 

to bo willing, 
will 

„ mill, -fl, mill; mir 
moKeit, mcKt, moUen . 

„ mcKte 

„ moll0 

molle 

gemcllt 

be II fen 

to think 

„ benf-e, -fl, -t 

„ bad^te 

„ bd^te 

benf(e) 

gebae^t 

brennen 

to burn, scorch 

„ brenn-e, -fl, -t 

„ brannte 

„ brennte 

brenn(e) 

gebrannt 

fennen 

to know 

„ fenn-e, -fl, -t 

„ faunte 

„ fennte 

fenn(e) 

gefannt 

neunen 

to name 

„ nenn-e, -fl, -t 

„ nannte 

„ nennte 

nenn(e) 

genannt 

rennen 

to run 

„ renn-e, -fl, -t 

„ rannte 

„ rennte 

reun(e) 

gerannt 

fenben 

to send 

„ fenb-e, -efl, -et 

„ fanbte 
tt iK) fenbete 

„ fenbete 

fenb(e) 

gefanbt 
aiiK) gefenbet 

menben 

to turn 

„ tt'enb-e, -efl, -et 

id() manbte 
also menbete 

„ menbete 

menb(e) 

gemanbt 
aiM gemenbrt 


Exercise 1. Insert the missing verbs: 

T'ei- SWfidcr ^crn. 2)cr JtunfKet l^at 

The miller grinds the corn. The artist has 

©itb bu ben itafee' ? 

l^ainted the picture. Have you ground the coffee ? 

'li^enn id^ tuir init euc^ dcf)en ! .... 

If I only could go with you ! He must 

l^eute (jc^^cn. JJ)er Slater 

go to-day. The house burnt. The father bought 
bic ^cfc^en'fe fur bie Jtinbcr. 
the presents for the children. 

Exercise 2 (a). Change the following com* 
paiatives into positives and superlatives : 

• (t iverbe I i c b e r gu 3l)ncn fommen. ifl f ft I e r 
I sliall prefer to come to you. It is cooler 
im Cyarteii. (^r verau'ftaltete $11 (e^ beffer. 
in the garden. He arranged everything better, 
llnfere ^ferbe Uefen fcf^nclter. 5)ie Otofc rod^ 
( )ur horses ran faster. The rose smelt 
fiijrr. dr gielte genauer. 

»nore sweetly. He aimed more precisely. 

(6). Change the following comparatives i nto 
superlatives : 

dr mx ein J ft n g er e r ®ol)n ber Sfiimtlie. flDir nraren 
He was a younger son of the family. We were 
f d^ f e d^ t c r e ^d^&fer tn unfmr 
worse pupils in our class. 
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(c) . Change the following sentences into the 
form of the English possessive : 

5)fr rtegr ci frc ofetbpi^ 91abe(ccn6. 

The most glorious campaign of Napoleon. 
JDie fd;onfte 3i« bed SHenfc^en bie S 3 ef(^ei'ben^eit. 
The most beautiful adornment of man is modesty. 

3)a0 ebelfte 5i:ier be^ tffialbe^ iff ber J&irfc^. 

The noblest animal of the forest is the stag. 

(d) . Insert the missing superlative suffixes: 

3 db banfe 3]^nen beff . . . . 3 d^ baufe 3I)nen 

I thank you [in the best way]. I thank you 

^ergfid^ » C^tftfen Sie if}n f^enft .... 

most heartily. Give him my kindest regards. 

Keys to Exercises in Examinaiton Paper 
IN page 3028 

Exercise 1 (a). JDer ifl breifer. 

@eil ift biefer. JTer ®ein ill feincr. 2)ic ffiofc rie(^t 
l)errU(^er, SEBir faufteu fc^cnere SBluHien. dr fab 
trauriaer au«. J&immel ift bftfffrer. T)er 35aum 
ift fabler. fDa^ @(^lo| »ar lofer. SWein ?lferb tfi 
ebler. SWein ^Iferb ift bon eblerer dbftammund. 
dr fanbte mir einen flinferen 93oten. 
fd^lanfere« SWabd^en. JDie Jferje brannte feller, ^em 
SSopier ift tvelger, unb S^reo ift flclber. Olettere rente 
finbet man felten. 

{d), Comparative; ^fie ?Pferb Wnft f^neller. 
@onne 3tallen« fd^eint feller. 3d& mo^ne nftber. 







rciner. ^inb lernt flifijiger. 
JT'er 93al(on fleigt ^cf^er. 

Superlatwe: ^ferb lauft am fdbneUftcn. 

•2)ie @cnne Statieiiei fd^eint am I)ellftcn. 3(^ mcbne 
am na(^ften. !X)cr Xou flin^t am reinfteii. ®a^ .U'inb 
lernt am fieigigften. 55cr ^Klallcn ftei^t am ^ed^ftcu. 

(c). ^ i)iefe<J .^inb ift ba^ eitelftc (or am ettelfreit). 
JDie (Strafe mar bic ebeufte (or am cbenften). il^ie 
©cfeUfti^aft mat bie frol)lid)fte lutb ^ycitevfte (or am 
frcftU(^ftftt unb ](|eiterfteu). i)er ticffte Q3runnen mar 
auq> bet breiteftc (or am breitcften). ?Wan map am 
oorjtd^tigften fein, menu etc. iTier ^Turm ift ber 
^fcdbftc (am ^cc^ftcn). !Dai5 ()o(i^ftc ^au« foftet am 
meiften. 3(^> f)oht ba0 befte *pferb gefauft. 5I'er ebelfte 
©ein Wmetft am beften. 


GROUP SIHTRVNOH 

(d) 3^ bin grcfi mie bn. 3cb bin grower 
bu. ^ie fmb /o liebcn^murbig mie 3(>re 0c^mefler. 
Sie finb licbeniSmuvbiger ali5 3l)r. ^Brnbcr. !Diefer 
^dniler ift mcnigev jleiSig al^ jcnev, cbgleid^ er fc alt 
ift mic er. J&aar beij 9Jldbd}cim mar tid)t mie ein 
.It'einfelD licfeter alei ein .ffernfcli). 

Exercihe 2 (a). 3c^> mar ber ^i'ninel^nte in ber 

Oleil)c. iT^er Dfjt^ier la«5 j^uerft ben bvitten 'Jtamen unb 
bann ben ac^^ien. Ifg tiar am eimmbj^man^igften 9)lai 
IHuf mclc^eu !lag ber 3Bcd)e fd((t ber erfte Vlpril ? 

(6). @in balb ; ein Jjirittel ; ein 'I^iertel ; ein 
?vunfrcl ; ein ©ec^eitel ; ein Sicbentet ; ein 9ld>lel ; 
ein isec^^ebntel ; ein Bman^igftel; ein 5)reijigftel; 
fin *l^ier^igftel. IJ 4J, 3J, 6^, 2J. 


FRENCH 

III. From the Past Participle are formed 
all the Compound Tenses by adding it to the 
respective tenses of the auxiliary avoir or etre. 

Donn^ Fini 

fai donne favais fini 

REgu Vbndu 

faurai re^u que faie vendu 

IV. From the Present Indicative the 
Imperative is formed by omitting the personal 
pronouns. In the first conjugation the final 8 
of the second person singular is dropped. The 
imperative has no third persons of its own, but 
borrows those of the subjunctive : 


Indicative. 

Imperative. 

1. tu donnes 

donne 

noua donnons 

donnona 

voua donnez 

donnez 

2. tu finia 

finia 

noua finisaona 

finisaona 

voua finiaaez 

finiaaez 

3. tu regoia 

re^iis 

noua recevona 

recevona 

voua recevez 

recevez 

4. tu venda 

vends 

nova vendona 

vendona 

voua vendez 

vendez 

Exceptions : 

1. Third Conjugation ; 

Indicative. 

Imperative. 

avoir 

tu aa, thou hast 

aie 

•nous avona 

ayona 

voua avez 

ayez • 

SAVOIR 

tu aaia, thou knowest 

aache 

notia aavona 

aachona 

voua aavez 

aachez 

2. Fourth Conjugation : 


Indicative. 

Imperative. 

^E 

tu ea, thou art 

aoia 

noua aommea 

aoyona 

voua itea 

aoyez 


V. From the Past Definite the Imperfect 
SuBJUNonvB is fomed, by changing s of 


By Louis A. Barbe. B.A. 

the second person singular into saes, t, 
salons^ ssieZf ssent. In the third person 
singular, the vowel immediately preceding the 
final i takes a circumflex accent : 

iu Donna-s tu Fini-3 

que je donna-sse que je fini-ase 

que tu donna-sses que tu fini-ases 

qu'il donnd-t qu'il fini-t 

que nou8 donna-ssiona que noua fini-asions 
que vous dnnna-asiez que vous fini-saiez 
qu'ila donna-asent qu'ils fini-aaent 

tu Rb(;u-s tu Vendi -3 

que je reQu-aae que je vendi-aae 

que tn reQu-aaea que tu vendi-aaea 

quil regu-t qu'il vendi-t 

que noua re^u-asiona que noua vendi-aaiona 
que voua reQU-aaiez que voua vendi-aaiez 
quHla reC'U-aaent qu'ila vendi-aaent 

1. Special Remarks. All propositions but 
one require the verb which follows them to be 
in the infinitive. The single exception is en (in) 
which takes the present participle after it : 

II joue au lieu de travailler. He plays instead 
of working ; II me regarda aana rien dire. He 
looked at me without saying anything ; A pr^ 
avoir lu la lettre il me la donna. After having 
read the letter ho gave it to mo ; Lea ouvriera 
travaillaient en chantant. The workmen sang 
as they worked ; Elle noua regarda en aouriant. 
She looked at us smiling. 

2. In English, “ one,” “ ones " frequently 
take the place of a noun after an adjective. 
In French, there is no such construction, and 
the adjective alone must be used : 

There are two books on the table, a large 
one and a small one, II y a deux livrea aur la 
table, un petit et un grand ; Take the good ones 
and leave the bad ones, Prenez lea bona et laiaaez 
lea mauvaia. 

3. An adverb must never be placed between 
subject and verb. Its usual place is after the 
verb in a simple tense, and between the auxiliary 
and the verb in a compound tense : 

I never see him, Jenele voia jamaia ; He has 
never spoken to me, II ne m'a jamaia parle. 

4. An **if *’ clause must have its verb in 
either the present or the imperfect indicative. 
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With an “ if ” clause in the present, the ** result ’* 
clause must be either in the preset or the 
future indicative/or in the present imperative. 
With an “ if ” clause in the imperfect, the 
“ result ” clause must be in the conditional : 

S'il eat iciy il doit nov^ voir. If he is here, he 
must see us ; S'il eat id, il noua verra. If he is 
here, he will see us ; S'il vient demain, noua le 
verrona. If he comes to-morrow, w% shall see 
him ; SHI eat id, quHl vienne noua parler. If 
he is hero, let him come and speak to us ; SHI 
etait id, il viendrait noua parler. If he wore here, 
ho would come and speak to us. 

5. Aaaez, enough, always precedes the adjec- 
tives which it modifies : 

Le plua petit ennemi eat toujoura aaaez grand 
pour etre dangereux. The smallest enemy is 
always big enough to be dangerous. 

Exercisb XXIII. 

Vocabulary 

le bout, end, tip le labour eur, husbandman 

la cauae, cause le mal, ailment 

le charan^n, weevil la maladie, illness 

le chef -d* oeuvre, master- le menaonge, falsehood 

piece la moiaaon, harvest 

la chenille, caterpillar la mouche, fly 
la choae, thing le nez, nose 

le commencement, be- le panier, basket 
ginning la perte, loss 

la conirariete, vexation le point, spot, speck 

le crime, crime la poaterite, posterity 

le difaut, defect la progeniture, progeny 

la dent, tooth le rhume, cold 

envie (f), envy la ruine, ruin 

elephant (m.), elephant la aatUerelle, grass- 
enfant (m.), child hopper, locust 

ennemi (m.), enemy la tenuite, tenuity, mi- 
ennui (m.), annoyance nuteness 
Ixi famille, family le tour, turn 
la fluxion de poitrine, la treille, vine-stalk 
inflammation of the la vanite, vanity 
lungs la verrue, wart 

la haine, hatred le vice, vice 
importance (f.), import- le voiainage, neighbour- 
anco hood 

inaecte (m.), insect le voiain, the neighbour 
la jalouaie, jealousy le voleur, thief 

continuel, continual inaupportable, unbear 
dangereux, dangerous able 

duraole, lasting mortd, deadly 

imperceptible, imper- permanent, permanent 

S ‘"\e petit, little, slight 

le, implacable pourri, rotten, bad (of 
d, indifferent, fruit) 

of no consequence aeul, alone, only 
indulgent, indulgent vilain, ugly, nasty 
innocent, innocent 

arriver, to arrive, come gdter, to spoil, decay (of 
cauaer, to cause teeth) 

coiUer, to cost mipriaer, to despise 

cratndre, to fear negliger, to neglect 

dipouiller, to despoil, reformer, to reform, cure 
plunder 

d cauae de, because of aujourd*hui, to-day 
asses, enough bien, very 
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oien de (dea), many preaque, almost 

hientbt, soon parmi, amongst 

ccmtre, against quand, wh^ 

d'ailleura, moreover quelquefoia, sometimes * 
demain, to-morrow aana, without, but for 

en herhe, in the blade aeulement, only 

en outre, in addition aur noa gardea, ^ our 

enauite, afterwards, then guard 
malheureuaement,unfor- toujoura, always. * 

tunately 

Those who despise small defects are very 
wrong. The smallest enemy is glways big 
enough to be dangerous. It is not elephants 
that cause the loss of harvests and the ruin of 
husbandmen ; it is locusts and little cater- 
pillars, when the com is in the blade ; weevils 
and other imperceptible insects, when it is ripe. 

It is not big robbers only that despoil the 
vine-stalk and the orchard of their fruit ; it is 
little ones also, sparrows and even flies. 'With- 
out being deadly, little ailments are sometimes 
enemies as unbearable as the big illnesses of 
which we are afraid. It is almost always 
through little neglected ailments that the 
serious (great) ones come. To-morrow the 
little cold of to-day will perhaps be inflammation 
of the lungs. But for little defects there would 
not be any vices. Moreover, a little defect is 
not a slight thing, and where there is one, there 
will never be any masterpiece. A wart is not 
very big, but if you have it on the tip of your 
nose, it will be for you a continual cause of 
annoyance and of vexation. A small defect 
is never of slight importance if it is permanent. 
What is lasting is never slight. Moreover, a 
little defect is always the liiginning of a big 
one ; vices themselves are the children of little 
defects. The little defect will soon be great ; 
where there was one there will soon be several. 

A little defect is never alone. It always has 
a family. If it is not for itself, it is for its 
posterity that it is to be fearei You have 
a tooth that has a little black spot. It is 
nothing ; but, if you neglect it. it will soon be 
the whole tooth that will be decayed. After 
that one it will be the neighbour (f.), and then 
the neighbour's neighbour, and the little black 
speck that you have neglected will have cost you 
several teeth. If there is a bad plum in a 
basket of plums, all the plums will soon be bad. 
The neighbourhood of a little defect is never 
of no consequence. Vanity seems to be a slight 
defect ; but it is a slight defect ti||t bsG a very 
nasty pro^y. It has for (its) f^hood, 
whicn, unfortunately, is not its ohly child. It 
has, in addition, two daughters, who are jealousy 
and envy. Amongst their posterity they will have 
hatred, which will, in (k) its turn, be me mother 
of many crimes. It is because ^f their very 
minuteness that little defects are so dangerous. 

If they did not look so innocent we should be 
afraid of them, we should be on our guard 
against them. Be indulgent towards (^ the 
little defects of your friends, if you are not in a 
position to cure them ; but toweida yours, which 
are always under your hand, be implacable. 

‘ Continued 
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THE 


A General Survey of the Duties ‘of 
Servants. The Butler. The Footman. 


CARE OF THE 


HOME 


T he Somfort of a household is indissolubly 
associated with the character and competence 
of the domestic servants. This being the case, 
it is not surprising that the mistress attaches the 
greatest importance to the evidence of the past 
career of the servant she engages. It is a serious 
matter to inf!poduce into a household a person of 
whom little is known, who cannot produce evidence 
of good character and a certain amount of skill 
from those with whom he or she has been previously 
associated. 

In engaging a servant the mistress should bo 
on the look-out for certain moral characteristics 
which are most important. On the other hand, 
those who wish for success in the capacity of 
domestic servant will do well to consider the 
value of such qualities, and endeavour to acquire 
and exercise them. 

Cleanliness of person and habits of neatness 
and method in general cannotPbe overrated. Good 
work cannot be done without neatness and method, 
and untidy habits and uncleanly utensils double 
the work of the servant and give much annoyance 
to the mistress. Personal neatness is also of great 
importance. The neat print dress and cap and 
apron of the maidservant and the livery of the 
manservant, if properly cared for, contribute 
greatly to their satisfactory appearance ; and 
with due attention to such details as neat hair, 
and personal cleanliness, the dress of the domestic 
servant is at once becoming, suitable, and by no 
means unattractive. 

Clothing. In the matter of clothing the 
master is not ordinarily bound to provide his 
servants with clothing, unless some special agree- 
ment to that effect has beeri made. In some cases 
a particular livery is given to menservants, and in 
individual cases it becomes the absolute property 
of the servant after a certain length of time. In 
the case of maidservants some mistresses prefer 
to provide them with drosses of a particular colour 
and material ; and in small households, where onlv 
one or two maids are kept, some mistresses will 
invest in large and particularly strong housework 
aprons for wear during the performance of rough 
and dirty work. Strong gloves should also bo 
provided for the servants to wear when cleaning 
grates, polishing silver, and on other occasions 
when without such special protection the hands 
would become qnnoccssarily dirty. 

The Giving of Testimonials. In order to 
protect a mistress when engaging a new servant, 
it is customary for a written statement called 
“ a character ” to be given by a previous employer. 
A mistress is, however, under no legal obligation 
to give the servant a character. It is, nevertheless, 
customary to do so, and refusal is generally very 
prejudicial to the servant concerned, implying, as it 
does, that the late employer is unable to testify 
to his good qualities. If a mistress consents to give 
a character, she must be careful to state the truth. 
There must be no exaggeration either of the 
servant's qualities or imperfections. The** reference ” 


should bo an unprejudiced statement of the 
servant’s ’characteristics, and should give a correct 
impression of the servant’s abilities. Such a state- 
ment, so made, whether by word of mouth or in 
writing, is held in law as “ a privileged communica- 
tion,” and the employer making such ” privileged 
communication ” does not render himself liable 
for slander or libel. This security of the master 
holds good even if the statements made in giving 
the ” character ” be untrue, unless it can bo proved 
that the statement was made ” maliciously.” 

A master or mistress who wilfully gives a false 
character incurs a grave liability. Should the new 
employer incur loss or injury as the result, the 
mistress giving the false character rendms herself 
liable. If the new employer finds that the servant 
does not deserve, or in some way forfeits, the good 
character given previously, tno new employer 
should not allow others to be imposed on by a 
false character. But the utmost care must be 
taken, in adding any disparaging remark to such 
a statement, that nothing but the truth be added, 
and that ivitkovi imlice. 

It is an offence against common law to forge 
a character in order to deceive and obtain a situation 
by false pretences. Heavy penalties arc incurred 
by those who ” falstdy personate a master or 
mistress,” or who wilfully make misstatements 
with reganl to length of service, or the capacity 
in which the servant has been hired ; or who alter 
or efface any word or other detail given in a character 
by a former master or mistress. 

When a Servant may be Dismissed. 

If a servant is engaged temporarily for some doHnito 
period — say, a week or a month — no notice need 
bo given her, as sho will leave at the expiration of 
her engagement. In ordinary cases of domestic 
servants it is customary — and the custom is reeog- 
niso<l by law — to give one month's notice, or a 
month’s wage in lieu of notice. 

If a domestic servant is guilty of wilful dis- 
obedience to a lawful order she renders herself 
liable to dismissal without noti(50, but trifling 
acts of disobedience are not sufiicient to justify 
such summaiy dismissal. Misconduct is the most 
usual cause of his or her dismissal without notice. 
If a servant bo guilty of habitual drunkenness, ^»r 
drunkenness even on one occasion, which unfits 
him to execute his duty ; if the servant bo guilty of 
immorality, violent conduct, or theft, instant 
dismissal is warrantable. Gross and habitual 
negligence of duties may meet with similar iri‘at- 
nient ; while & servant who is quite incom])etcnt 
to perform the duties undertaken may be dismissed 
without notice, as ho cannot perform his part 
of the contract. 

If the master or mistress denies proper food 
to the servant, or exposes the servant to un- 
necessary risk, the servant may leave her situation 
at once. Also, if infectious disease breaks out in a 
house, the servant may (but there may bo ex- 
ceptions to this) leave without giving notice. If 
the servant leaves her situation in this way, and 
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is justified in doing so, she may elaiin her wages 
up to date, and, possibly, compensation^too. 

Large Households. In a large household 
the four rhief scTvants are the housekeeper, the 
butler, the lady’s-maid, and the valet. They 
tak(i their meals together, and th(‘ir duties bring 
them more in contact with their master and mistress 
than th(‘ wf)rk f)f any of the other .servants, 'rhus, 
it is important for the.se upper .servants to be 
particularly eandiil in their manner ond bearing 
tow'ards their emy)Joyers, to be invariably respectful 
in th(‘ir ])re.‘-ene(‘, and iinflinehingly loyal in their 
absence. 'Fhe housekei^per ha.s abundant of)})ortunity 
of influencing the women-servants of the hou-sehold 
for good, who will .all take their cue from her. 

'J’h(' butler is similarly responsible for the tone 
prevalent among the men.s(‘rvants. One of his 
duties will be that of .scouring faithful service 
from the under men-servants. 

In their bearing towards their employer.^ the 
manner of upper and hmer s(*rvants should entirely 
coincide*. 'The most y)erfect civility and {)olitcn(*ss 
is aee(;})t('d as an essential characteristic? in (he 
exc'cution of duty. The -servant should never 
sit down in the ju'c'.sence of the master or mistress 
unless exprc'ssly told to do -so. 'Phe -scTvant .should 
also be careful not to offer an opinion nnle.ss invited 
to do -so. If this attc'ntion to manner and dc'port- 
m<*nt is observed carefully by the* .sc*rv’ants. the 
master and mistress will be sparc*d the necc‘.s.sity 
of making any unpleasant eoni[)lairit on this sc-oiv, 
and the? .servant will escape the di.sagreeal)lc? neec‘ssity 
of listening to it. 

Board Wages. If for any ic*a.son it bc*coim*8 
neec'ssary fc^r the .servant or servants to he left 
at home? while the r(*st of the? fainily are away, 
it is usual to y^laee them on what arc? term(*d hoard 
wages. Thi.s is a sum of inonc'y yiaid in addition to 
ordinary wages, and intended to l)e spent on the 
food and otlu'r nc'ce-ssaries to whic?h the .s(*rvant 
would be entitled if the master were at home. 
'I’he actual sum paid will vary according to the 
stvle c»f hoirseholcl in whic-h the servant is c?ngaged, 
and it will also vary with the* sex of the servants 
for whom suc*h ])rovision is being made. Thu.s, a 
minimum sum ]*;iicl to a maidsc'rvant a.s board 
wages would be lOs. a w(*<*k in addition to her 
ordinary wages, the amount bc*ing increa.scxl in a 
wealthier establishment, or when paid to a man. 

In a large household where many servants 
arc left on board w.ages, each will he paid his 
or her allowance individually, hut as a general 
rule the servants will add the small independent 
.sums togeth(*r for current expenses. Under this 
arrangement, by good management, each servant 
will live exceedingly well, and a surplus will probably 
be left over from the? total sum of board -wage 
money, which at the? end of each week can then be 
dividc?d among them. 

We will now cc)nsiclc*r in detail the various duties 
of each member of the servants’ hall. 

THE BUTLER 

The butler is the chief man-servant in the hou.se- 
holcl. All the menservants who.se duties are executed 
indoors live in the hou.sc' ; those w'ho.sc duties are 
concerned with outdoor work, such as the gardeners 
and the chauffeur, live out of the? house. The heod- 
gardenor and chauffeur are gent?rally each given 
the use of a small house or cottage, either on the 
estate or in the vicinity, this being in addition 
to their ordinary wages. Certain indoor servants 
have special privileges connected with their duties. 
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For example, the valet will have little expense 
connected with his own wardrobe, since* he has no 
livery, and can therefore wear out his master’s 
discartled clothes. ^ 

The butler, together with the housekeeper, takes • 
precedence of all the other servants, and nis duties 
are very rcspon.sible ones. Besides being expected 
to superintend the other menservants, and to see 
that their duties are ])roporly executed, Ro has 
charge of all the valuable articles in daily use, and* 
ho i.s (‘ntir(*ly rc.spon.sibl(? for the management of 
tht? wine-cellar. It is obvious that the moral inte- 
grity of the butler should be above suspicion. 

The Butler’s Duties when Waiting 
at Table. The butler waits at table during 
breakfa.st, assisted by the footman. He is re- 
sptuisible for the prop(?r arrangement of the 
table and for the serving of the breakfast 
dishes. He is also expected to see that the china 
ill use at the meal is clean and the silver properly 
])oli.shcd. After breakfast he vdll clear the table, 
taking away the plate, which is under his care. 
At luncheon tlu? arrangement of the tabic falls to 
his share, as well as the waiting. At this meal the 
butler u.sually waits single-handed, as the footman 
i.s (‘ngaged in other duties. The butler’s most 
onerous duti(*s are i)erformed at dinner-tiim*. 
Before dinner is .s(*rved he ha.s to supervise the laying 
of the table, and see that the flowers, table-centre, 
and table decorations are well arrangi*d. He will 
also place the silver on tlu? table, and see that every 
neees.sary article is in readiness. 

When the diniu*!’ i,s ready, he brings in the first 
course, and annoiinees in the drawing-room that 
dinner is on the table. Ho then stands near tho 
dining-room door as the family come into the room, 
and closes it after the last to (?nt(*r. When tlie 
<liners an? all .seated he approaches the table. In 
some houses the master serves many of the dishes 
which are, in such a (*as(*, placed in front of him. 
The butler stands behind nis chair, removes the 
covers, and hantls them to the other s('rvants in 
waiting to carry out, ^If, on the other hand, tho 
dishes arc served at the side-table, thi? duty of dis- 
pensing them will devolve on the butler. He will 
serve the soup, and then, if wine is taken, cross to 
the sideboard to pour out the .sherry and madt'ira 
taken after that cour.se. 

The Serving of Wine, and Carving. 

When the first course is ended, the butler rings the 
bell to warn the cook that the second course may 
be scrvcxl. He then collects the plates and dishc's 
of the first course, hands them to the other servants 
to remove, takes the second course from them, 
places it on the table, and, after removing the 
covers, returns to the sideboard to dispense the wines. 
If the joints are .served at the side-table, it will be 
the butler’s duty to carve them ; he should therefon? 
be an expert carver. Of course, at a very large 
dinner-party h(?lp will be needed for this part of 
the work, but in ordinary cases a well -trained 
butler will carve suliiciently quickly to serve every- 
one present at the tabh? with but little delay. 
When tho dinner is finished, the butler, assisted by 
the footman, removes the wineglas.ses and extra 
silver and cutlery, and sets the table for de.s.sert. 
He places tho finger-bowls and fruit knives and 
forks before each guest, and the fruits and sweet- 
meats on the table. He then hands rounti the 
various dcssc?rt dish(?s, and stands behind his 
master’s chair to hand the wines. He sees that the 
room is in order, that the fire, if lighted, is re- 
plenished, that the. lights are in order, and then. 



at a signal from the master, the butliT and tho 
footman leave tho room. 

Care of yie Wine-tellar. While tho 
giidfets are in the dining-room he goes tu the drawing- 
room, arranges the windows, makes up the fire, 
tidies the hearth, and sees that the lights are in 
order. lie thiui returns to his pantry. While the 
footman m clearing th(‘ table and cleaning the 
plate and glasses, the butler must be in readiness 
to answer the bell. When the guests are again 
assembled in the drawing-room, he will, either alone 
or assisted by the footman, seiv(> the eutlee. This 
is brought in on a tray, together with lu^t milk, 
cream, and sugar, and is handed to tlu* guests in 
• turn, each pi*rson pouring out his or lier own 
portion, and adding sugar and cream. 

In brief, the butler's duty is to be in attendance 
at every meal, including that of tea, to ser* that the 
table is properly set, and that the service is as it 
should be in every way. 

The Butler’s Duties at Night. Aftt r tlie 
family hav(5 retired it is his duty to go the round of 
the house, seeing that all the doors atul windrows 
are saftdy bolted and barrc'd, that all lights are 
extinguished, and that the lires are safe, lie must 
be particularly careful to see that tho. wine-erllar 
is locked, and that th(5 plate and valuables for w hich 
he is responsible arc safely locked up for the night. 
If tho ma.ster of the house has no valet, the butler 
may be called upon to ])erform some of his duties, 
but these will not be anhums, and need n<jt inter- 
fere* with the i)erfoiinance of his regular duties. 

The butler must sec that the wine-cellar is kej)t 
in a clean and proper condition. Ho should bo 
familiar with the qualities and treatment of the 
various wines, and so be able to advise his master 
as to the best choicer The l)utler umst kiic»w what 
is the pro|)er treatment of tho various w'iiu's under 
his cans and he should spare himself no pains in 
his endeavour to secure for his ma.st<’r tho reputation 
of “ keeping a good w'ine- cellar.” 

Although the wines are <jften purchased ready 
bottled, it is someliuK’s tho butler’s duty to fine and 
bottle them, in which case he should Ix^ familiar 
with the )>rocesH, A portion of wine is drawm off 
from the cask, mixed with the whites of four eggs, 
and thoroughly stiin'd. This mixture is then 
returned to the cask by the biiiighole, together with 
the rest of the wine j)reviously withdrawn. The 
contents of the cask must be stirred round by means 
of a wooden rod inserted through the hunghole. 
All bubbles rising to the top should be removed 
when the mixing is finished, tho hunghole plugged, 
and the cask left to stand for three or four days. 
Wine so tre^atCfl will fine 12 gallons of port or sherry. 

Some butlers prefer other clearing ingredients 
than the whites of eggs. Small ]>ieces of isinglass 
or gelatine, cut into tiny fragments and dissolved 
in the withdrawn wine, may be used instead. 

Bottling Wine. This is an important 
opciration. A small hole is bored at the bottom of 
the cask, a gimlet being used for the purpo.se. 
The bottles are in turn placed under the hole, and 
a strainer is used to prevent “ grounds ” from 
entering tho bottk'. As the cask Ix'comes nearly 
empty a piece of muslin placed over the strainer 
will filter the wine more effectually. 

The corks should be soaked in hot w'atcT and 
then squ(5ezed dry. The bottle to Ixj corked is 
placed in the bottling-boot, which is strapped on 
to tho knee of tho person doing the corking ; tho 
cork is then forced in with several smart blows 
from a broad, wooden mallet. The corks should 
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then be sealed, or the lu'ads of th<‘ lipttles dipjx'd 
info quicklime p< troleum to keep injects away 

The bottles of w'ine shouhl b(‘ carefully counted, 
and a written reconl of them kcj)t by the butler. 
'Fhe Ixjtlles of w'ine an* laid on a. stand in laytus. 
Tho alternate layers will be with either head <»r 
bottom ot tho bj>ttlos outwards, and betw'cen the 
layers there will be sawdust or straw. 

The Cellar ■ book. A cairful butk'r w'ill 
wash th(^ cm \^y W'iiie-bott Ics and kcoj) them 
carefully sorted. I'his is a gnat saving of troubk^ 
wlum bottling is in full sw'ing. if the wine is 
purehased ready boltlitl, it will not l)e so nooessary 
to keep the (liihuiuit kinds of bottles sorted, but 
whenever a fresh snt»])ly of wine is bought the 
butler will (U» well to return a c-OTTesjjonding numlx'r 
of bottk's to the rmucliant. 

'Phe casks should bc! well rinsid with boiling 
water and k<*pt scrupulously clean. iShould there 
be any trace of a sour or musty smcdl, the cask 
must he (‘leans(‘d wdth lime and boiling w’ater, and 
W(‘ll rinstMl and tlried before being ustxl again. 

'Plu' butler should also keej) a “ cellar-book,” 
in whii'h to mak(‘ an<*ntrv of ev(uy bottle used. 

Tli(‘ butler's wages will vary with tUUVreiit 
localities, ranging from CtU) t<t £S0 p(‘r annum. 

THE FOOTMAN 

Th<‘ dntit‘S of tlu* footman vary (considerably, 
according to whether he works single-handed or 
w'hetlu'r tlure are oth(‘r footmen working under 
him. Where oth(‘rs are k('|)t, the head -footman 
works in conjunction wdth lln^ butler, lie helps in, 
or supervises, tin; laying of the table for meals, and 
in th(‘ s(‘rving of aftcunoon t('a and of eofr(‘(‘ aft(‘r 
dinner. During m(‘als he waits at table, under th(^ 
butl(‘r. taking pr(*e(‘denee of tlu* other footnnm. In 
the afternoon he should be in readinc'ss to answer 
the front -door bell. If a vak t is not k(‘pt, he may 
be recjuiivd to give a eertain amoiint of personal 
attendane(' on his rnastcu*. 

If there an* visitors in the* house who have; not 
brought their <>wn vah‘ts, Ik*- will ])robal)ly be (‘alU‘d 
upon to give them similar p(‘rsonal attendane(*. He 
will have no responsibility with regard f(» the 
washing of glass and tho polishing of plat(‘ Ix'yond 
that of seeing that the under-footmen carry out 
such duties etheiently. 

Duties of the Second and Third Foot- 
men. The second footman has more onerous 
duties than those of the h(*ad footman, whom, in 
every way possibh*, he is called upon to assist. 
may oeeasionaJly wait in tin* liall if many visitors 
are expected. His table duti(*H ineliide assistamx^ 
in waiting, and in the washing of the glass and silver 
us(h 1 in the dining-rtmm. Jn the aft (‘moon Ik* may 
be called upon to go out wdth the carriage* if the 
ladu's of the hoiise wish to j)ay calls. In this eas(^ 
he should st*e that they an* s(*ate(l comfort ably, and 
tlu* rugs and wraps adjust'd satisfactorily. H<* 
should place tlu* umbrellas or sunshades in the 
carriage or the automobile, and take from his 
mistn'ss her order to the coachman as to the direc- 
tion of the drive. Ho will then close the door, and 
mount to his .s(*at b(*si(Ie, th<' coachman. When t he 
house at wdiieh the mistress intends to (;all is r(*ached 
he should d(^sc(*nd from his sc^at, ring, and find out 
if the la(li(*.s arc at home, t(‘lling his mistn'SS and 
awaiting her orders. 

The third footman is responsihlo for tlu*- heavier, 
dirty work, such as cleaning the knives and boots, 
and filling tho coal-scuttles — in fact, carrying out 
the duties of a houseboy, if one is not kept. 
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THE FORGING AND CUTTING OF FILES ‘ 



6; HARDENING FILES IN BATHS OF MOLTEN LEAD 
Fruiii i>huUi)frai)liH hy i^Hirtphy €»f Mphsm. Miiinu^I Oithom & Co., HhottieM 
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Instruments for Handicrafts --Chisels/> Circular, 

^ Baifd, arid Hand Saws, Files and File-Making Machines. 

MAKING TOOLS 


T he distinction between cutlery and tools cannot 
be slated in a brii'f eovorinf:; phrase. The 
first is commonly understood to mean edited 
instruments, but the majority of toojs, all those which 
are grouiHid as eetting tools, are also edue<l instiu- 
hients. Again, scissors are classed as cuthuy, hut 
shears — which are magnified scissors -are totils. 
Table-knives . afe cutlery, but f lu* carpenter’s 
drawknife is a tool. Such anomalies m^ght be 
multiplied. The correct distinction is that between 
edged instruments em]doyed for general service 
and all instruments, whether edged or not, that 
are used in trades and handicrafts. These inehuh^ 
not only cutting tcwls, chisels, gouges, axis, 
planes, saws, but files hamm(*rs, pincers, and so 
on. It excludes, however, all those tools tcTiued 
machine tools, which dis])laee handicraft. 

Much description previously givem of the work 
of the cutler applies also to that of the toolmaker. 
The prtjparation and sel(‘etion of the steel, the 
forging, hardening, tempering, grinding are sub- 
stantially alike in both, th< ugh performed by dilTer- 
ent men in separate faiitories. We shall therefore 
avoid repotitiori by njstricting the presemt account 
to work on tools that has not been covered by the 
previous article on cutlery. [Mee pp. 2010 and 0041.] 

Composite Character of Tools. Nearly 
all edged tools, the smallest only (Lxcepted, ore, like 
cutlery, of a composite character, comprising a 
body of wi'ought iron and a cutting edge of crucible 
steel. The joint b(?tween the two can be seen 
clearly in axes and adzes, in plane irons, in clraw- 
knives, in scythes, in planer-machine knives, and so 
forth. ’ The more valuable material is economised,, 
and the non-cutting body is not brittle, so that a 
double advantage is gained. The welding of the 
two portions is done at an early stage of the forging, 
and the two ])()rtions thus united are finishe<l as oiuv 
In axes and drawknives the .steel is let into a vee, 
and embraced on both flanks by the iron, but in 
plane irons and planer knives the two are w<4ded 
face to face. The steel, however, is not contimietl 
beyond the working length or breadth, or farther 
than wlu^re the working life of the cutting instru- 
ment will terminate. 

The Carpenter's Dra wKnife. 1 n making 
a carpenter’s common drawknife a bar of iron i.s 
taken, the ends are drawn down, and a slit is cut 
in the centre body, into which a piece of tool .steel is 
welded. The whole body is then lengthened and 
thinned "by drawing down to the section rcipiircd, 
and the ends are tapered and bent to form the tangs. 
Hardening and grinding follow. 

Socket Chisels. Socket ehlscls are inade 
thus : a piece of sheet iron is cut, aiifl rolled into a 
correct shai)e to form the socket. The chisel blade- 
of steel— has one end of its shank drawn down to fit 
in the small end of the cone. The two are then heated 
and welded. A rod is inserted in the socket, while 
the two parts are welded together hetwe(*n top and 
bottom dies. The ordinary chisels and gouges are 
drawn clown and stami^ed in dies. Plane irons have 
the steel faces weldecl on by passing the two at 
welding heat between rolls. 


Axes. Axes, as stated, are not made in solid 
steel, for that woiilil b<' to<> experisiv<‘. Only the 
cutting edge' is of steel, welded to the wrought-inni 
bodies. A })Iaii' bilh't or block of iron is taken and 
forged by thinning down in two jilaers, leaving 
thicker nu'tal at the e(‘ntre and at the ends, 'i’lu^ 
thinned metal forms the sides or flanks of the eve, 
the central metal ti»c heail, ami the thick ends the 
body of the axe between wliich the strip of stixil 
which is to form th(' cutting (‘dge is to lie wcldefl. 
The blank is bent round, the steel inserted, flux 
du.ste<l on, and ( lie whole raised to a welding heat, and 
the joint elost'd by hammering. The blade is 
afterwards tbinn(‘d down ami s]>reatl out to the 
final shape. 

The tem]M‘ring «)f axes is an operation that has to 
be done with care. Hardening at a briglit cherry- 
r(‘d preeed('s teinfiering. 'J'he axe is plunged into 
a till) of brine to within about hnlf an inch of th(i 
eye, ami moved about until it is eold. A small 
portion of the surface is ])()lished with a ])iece of 
grindstom' to permit the correct tint to be si'cn. It 
is reheated to a dark straw colour, and plungcil into 
the ))ath. 8ome men draw to a blue colour, and lay 
the axe aside to cool. 

Saws. »Saws are ma.de from cnicible stei'l, first 
cast into an ingot, and afterwiirds treated according 
to the shape and size; of the saws to be manui'ae- 
turod. The steel mii.st be perhutly hompgerieous, 
and of high tensile strength, yet tough and flexible 
enough to embire rolling and much bi'mling. A 
good handsaw, for examnhs can b(? bent on itself 
80 that the tip may nearly touch the han(jle. The 
ingots are hammered into .slabs under a steam or other 
jx^wer hamnn'r, and aftiuward.s rolled to thickness, 
with an allowance for grinding. They are now 
annealed or softened, and trimmed with shears 
roughly into the ultimate shape in readine.ss for 
delivery to tlie saw-mak(*r.s. Prom this stage 
follow variations in treatrniuit with tlie kind of saw 
to be manufaetiuxMl. These range through a score 
or two of tliflcrciit types and shapes, and hundreds 
of sizes. In general, the tnxitnieiit is as follows. 

Circular Saws. In making ciriMilar saws, 
plain circular discs of annealed steel first have the 
centre hole for the arbor punclual in a press, or drilled. 
By means of this hole: the; .saw is eentred, and set u}> 
in a press in which the teeth are puiiehed. This is 
done in a machine having an indexing disc for 
pitching the correct numbiM s of the t(‘cth, a separate 
index being used for saw.s with diffenuit numbers 
of teeth. The punches an* of th<^ same shape and 
.size as the tooth spaces. I'hi'y vary in shapes, in 
angles, and in depths with every difleront type and 
size of saw. Afterwards the .saws are hai’dcned. A 
large circular saw is more liable to buckle - -that i.s, 
for its surface to become bent out of a perfect plane — 
than any other kind is. Prom the hardening pro- 
CC.SS to the sending out of the finished saw this is the 
mo.st pel sistent evil to be overcome. I n the harden- 
ing proce.ss the saw i.s first heated slowly and evenly 
in a gas reverberatory furnace. It is then laid on a 
grid-like plate, not smaller than the saw, and it is 
covered by another similar plate. The saw, while thus 
confined, is hardemed in a tank of oil.; 


EMBRACING IRON & STEEL, MINING, QUARRYING, COAL, PETROLEUM, GAS, GOLD 

31S5 



QROVP 23--MBTAL MANUFACTURES 


The saw8 came out practically without any warp, 
or camber, and are went now to kave the sides 
jL'rourid. Usually, thoujijh not 'invariably, both 
sides arc being ground simultaneously. The saw is 
mounted on a horizontal arbor in the machine, 
which is designed for this work only. The stones 
are h'd by a hand-wheel and toothed gears, across the 
fai;(‘s of the saw. The wheels and the saw rotate in 
llie same, direction, but at ditlerent speiyls, the saw 
running more slowly. • The grindin|^ b(*gins at the 
otilcr edge, and proceeds inwards. Abundance of 
water is iisc'd to keep the plab's cool. The saws are 
ground either of ])arallel thickness or hollow - 
usually hollow'. Making the saw thinner towards 
the eentre than at the outer edgci is favourable to 
the clearance of the saw in its cut. 

Grinding occupies only a few minutes, and the 
w.ater ])r(‘vents the teTn])er from becoming drawn. 
]*olishing follows in a machine with a pad charged 
witli llour (unery. 

The saw now has to be set and sharptmed, and the 
])late “blocked” or “ tension<‘d.“ The first is done 
on automatic machines ; the? second is a hand pro- 
c<\ss recj Hiring a vi^r^' high degree of skill. The ex- 
])lanation of this reveals one of tlu* remarkable facts 
in the work of the circular saws. 

Circular saw's usi‘d for cutting w'ood run at such 
high velocities that unless tlie stilTness of the ])late 
is regulated they never run tndy, but wobble or 
wav(^ from side to side in an undulating fashion, 
''rhis happens fref|Uently when a saw is driven so 
liard that heat is generated by the cutting. It w'ould 
alw'ays oeeur if the saw^s wen* not “ o]H‘ned out 
about the central arc'a. If, in eonscepu^nce of 
alternate heating and cooling, (»r by the action of 
centrifugal force, the rim of the saw becomes 
])erman('ntly expanded, it will not run true. Tt 
shoidd be “ slack ” at the ])erij)h(*ry, to allow' some- 
thing for stretehing. A saw should be aion^ “ open 
in the body for high speeds than for low, and for 
hard than for soft woods. When a saw is pro])erly 
opened out, the central parts are not easily ])nshed 
out of the general plane if the saw is stood edgewise 
on t he lloor. 

The hammering is done in concentric eireles about 
midway between the rim and th(i eentre. The 
d('gree of truth t)f the surface is tested with 
st raight-edges. The elTeet of the hammer blow'S is 
to stn'teh or open out the metal at the part struck. 
Different, hammers are »is(‘<l, round-faced and eross- 
])ane, according to tlu* nature of the lumps or ridges. 

Circular Saws with Inserted Teeth. 

The solid circular saws for woodworkers are of the 
type* upon which large numbers are made with 
insert(‘d teeth. The.se w'(‘n* first adopted in order 
to retain the diameter of the saw, which is, of course, 
nalueed by repeat('d re-sharpenings of teeth. A 
secondary advantage is that broken teeth d<» not 
matter, beixiuse tlv'V can be replaced. Broken teeth 
are objc'ctionable in a solid saw. Of late years, also, 
with the enormous increase in the em])loyment of 
rireular saw's for cutting iron and steel, the insertion 
of teeth i)ermits of the use of experwivc high-speed 
steel for the teeth, wdiile retaining a comparatively 
soft and eheajwr steel for the disc. The discs are 
treated similarly to those of solid saws, except so far 
as the teeth are concerned. Spaces have to be milled 
to receive the tei'th. These are drop-forged, 
trimmed, ground, and sharpened, and finally in- 
serted. A special kind of inserted tooth-saw is that 
in which a diamond is embedded in each tooth for 
cutting stone or marble. These have been made 100 
inches in diameter, with 180 tooth and diamonds. 

3166 


Bandsaws. From the manufacturer s point 
of view, as distinct from that of bench worker’s, the 
bandsaws rank a good second to the circulars. 
Bandsaw'S w’cre novelties in 1866, 9ind they w#re 
then mere ribbon.s of about j| in. wide. Now saws 
are made 18 in. wide and 64 ft. long, and some have 
teeth on both edges to cut a log in both directions. 
Originally desigiu'd for going round eurvei^ they are 
employed nearly as often now for straight euttjjig. 
They an* commonly em])loye(l also for sawing iron 
and steel, and, like the circular saws, some have 
solid teeth and some inscuted teeth. , 

4’li(’! sanu* l)roc‘esses essentially are gone through 
as for circular saw's, modified by tiie difference in 
shapes. The oblong crutle rough ingot contains the 
future bandsaw. It is first hammered until its 
length and width an^ about doubh'd, and is then 
finished hy rolling. The first stage of rolling is done 
hot, the second cold, after which the blade goes 
into the saw-making departnu'nt. The furnaces 
and the machinery used are different from those? 
which are suitable for circular saws. All the work 
is done before the (‘iids of the* long blade* are* be*nt 
re)iinel and brazeel to form the endless band. 

The hardening is fe)lle)wed by te'mpering, which is 
me)r(* difheult than that of eireiilar saws, because 
the banelsaw by the nature of its me)v(*ments is 
peculiarly liable* te) eleveloj) a erystalline ee)neiition 
eff the* ste?el. As it i)asses roiinel the wheels it is 
allernaiely being be'iit and straighte'noel a hunelivel 
time's or me)re? every minute. Te>ughness is therefeu’e* 
e.»f meu’e import antx* than harelness, yet the* stee*! 
must ne)t be t(*mpered so soft that the teeth will Jose 
their eeige's rapidly. The saw's are> hardeiu'd anel 
tcm[)ereil by being elrawn thre)\igh a gas furnace inte) 
an e>il tank, the me)vements being regulated auto 
inatieally. Afterwarels the blaele is grounel to 
thie kness, the* band being draw'll along underneath 
the grineistone. The table is tilted in oreh*r to 
grinel the blade thinner at the back than at the 
front, to enable the saw to clear itself in its cut. 

The tt'cth an? ground in a machine which carries 
the blade round under an emery wheel with a stop 
which arrests the movement during the short period 
wh<‘n a tooth space is being formed. In the largt‘r 
saws the teeth may be stamped out previous to the 
grinding. Afterwards the tensioning, has to bo 
performed. This, how'cver, is done usually in a 
machine, the blade* being passed between rollers, the? 
location of the? lolling being varied ae.eording to 
whether it is too open or not sufficiently so. The 
result is also corrected finally by means of hand- 
hammers, just as it is perfonned by the men in 
charge of the saws when they buckle with service. 
The last stage is the scarfing of the ends to make 
a lap joint, and the soldering, followed by dressing 
of the joint, and final shaqii'iiiiig of the teeth. 

Handsaws • The methods employed in manu- 
facturing handsaw's ajijily in general to those by 
which the* cross-cut saws, back saws, compass saws, 
butchers’ saws, and the like are produced. 

The steel ingots an* hamm(‘rcd and rolled to the 
gauge desired, and sheared into the*kuitablc sliajies 
and .sizes for the classes and sizes of Staw made, and 
the teeth are punched. Hardening and tempering 
follow. The saws are heated in an oil furnace, and 
placed edge downwards in the bath, oil being used 
for tem])ering, and the saws being held in clamj).s. 
(’orreetions of the blade are necessary to remove 
slight inequalities of surface produced by the harden- 
ing. This is done by hand hammering. Grinding 
follows as in other cases, on large stones. The best 
saws are ground tapered in two directions, being 
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thinnor on tho ba(!k than next the teeth, and thinner 
at the point than at the handle. 'I'he teiiMioning is 
the next .stapo,^n which thti* metal is stn'tehed by 
haAimerin^, where necessary, along the edge or the 
centre. Final corrections are made both in block- 
ing and in grinding an<l polishing. The teeth are 
then set and sharpened and tht* saw handUnl. 

Files* Files are made in enormons numbers. 
Th^ an? used in nearly eveiy trade by woc.nl and 
metal workers. A big file-making works turn.s out 
several hundreds of tons in a year. It is an industry 
^hat has been almost wholly transformed from hantl- 
cuttiug to machine-cutting during the* last hw 
years. Today, •instead of men cutting the tc'eth 
singly with chisels, girls attend to machiiKs that 
cut a thousand teeth, morci or less, in a minute. As 
a result, ajjprenticesare no longer taken for band fdc*- 
cutting. Shefheld and Warrington are the* chief 
cc'iitres of the file-making industrv.in England. At 
one time much of the work was done* at hc>me by 
domestic workers, but it is now almost wholly 
performed, in big fac;tories. 

The photographic illustrations are those of a large 
file-making works in Sheffield, that of Messrs. 
Samuel Osborn and Co., Ltd. This firm has three 
works engaged in making steel, including the 
wonderful Mushet brands, and in the manufacture of 
tools, drills, milling cutters, steel eastings for all 

} >iirposes from small to large, engaging, in all, the 
aboiirs of about 1000 meryind a large quantity of 
machinery. The files are manufactured at the 
BrooUhill Works, but the stec.d is produced at the 
WickcT Works, and stocked at Hrc»okhilI. It is 
crucible steel, east into ingots, and worked info bars 
of different sections by means of steam hamnuTs 
and rolling mills. In this condition the bars are 
stacked in tlu*. warchoustJ in all sections re(pnri‘d 
for the numerous sizes of files made. They aro 
selected as wante<l, and cut off in blanks or “moods.” 

The moo<ls are h(‘aled in gas furnaces, and 
forged to sha])e under power hammers (!]. F(»rmerl 3 ^ 
this shajung was done by the manipulation rjf the 
forger, but a growing ])ractie(^ at present is to 
produce th(? shaja; in <lies or stamps. These arc 
made in sets to suit the numerous stations and tait- 
lines retpiired for the body — parallel, or tajiered, 
or bellied, squar(', round, triangular, and so on —and 
to form the tang. Steam or other kinds of ham- 
mers arc employed, the movements of wdiieh are 
controlled by a petlal. 

After the forging, the blanks have to be annealetl 
[2], which is done in furnaces, occupying about 
twenty-four hours. Grinding follows [3] on large 
stones about 5 ft. in diameter by 12 in. witle. The 
blanks are not done singly, but from eight to ten are 
arranged in a row. The files arc kej)t cool by move- 
ment in a bath of water. Some shapes, such us 
half-rounds and rounds, arc ground by hand. The 
tangs are also ground thus. 

Cutting Files by Hand. File-c\itting by 
hand, still performed to a small extent for very small 
and thin files, is done with a broad, stumpy chisel, 
struck with a hammer. The file blank is laid on a 
stake or anvil, the tang being directed towards tho 
cutter. The end is held by a leather loop, which 
is pressed down by the right foot. Tho cutting 
begins at the point. The degree of coarseness of thc5 
cut is regulated by the force of the blow dealt, which 
throws up a b\irr or ridge, shallow or deep. The 
regularity of the cuts is controlled by s<*tting the 
chisel by thcj burr. From sixty to eighty blows aro 
delivered per minute. There arc differences of in- 
clination of the. chisel for different kinds of files. 


For “ rough cut ” files the inclination is 12 deg. 
beyond the pjrpqndieular ; for “ bastard " files, 

10 deg. ; for “ second cut ’’ files, 7 deg. ; for 
“ smooth cut *’ files, 5 deg. ; and for “ dead smooth ” 
fih‘s only 4 deg. Files that are curved across their 
faces, as the round and half-round an<l the like, 
r<*quire a number f)f eoiirses of cuts, eight, ten, and up- 
wards, to complete them. When a file is turned over 
on its rut fH?e, for the oppositeiaec t<» be dealt with, 
it is laid ou a pUte of })ewter*or in a bhu k of lead or 
tin, the softness of which does not blunt the teeth. 

Machines for Cutting Files. At the 

works of ^Messrs. Osborn, most of tin* files now madi* , 
arc <*ut on the firm's own machines, the “ W<‘ed 
[4J. 'J’hey have about sixty of these machines 
in use, and th(‘ 3 ^ turn out from four to five times 
the number which can be })rodue(‘d by hand cutting. 

The nnuhini's used proilme the usual diagonal 
euls and spiral teeth. Tlu* object of the latter is to 
avoid the numeious resettings which are required 
for prialucing tin* scric*s of separate outs that arc 
ma<lc on the convex surfaci^s of round fihss. The lik* 
is rotat<‘d during the c utting, so forming a continuous, 
spiral sha]>ed tooth. In each machine the file is 
earric‘d on a b(‘d which fils in a half-ro\jnd slide to 
l>rovide for twisting when necessary. The bed is 
traversed longitudinally wuth a screw. Tho chisel 
is carried in a head abov(‘, and receives its strokes 
from a cam shaft. Suitable means of rc‘gulatioii for 
the relative movcmients of chisel and file aro pro- 
vided. Each machine has its own electric lamp. 
Eight sizes are built, which d(*livcr from 72f)to 1280 
cuts per minut(*. Rasps are cut on different maehiiU's 
by means of a tool which digs out the metal. 

As the fil(‘s ar(‘ softened by^ the annealing they 
have to be hardcMied aft(T the cutting. This is a 
<l<4icate operation, requiring a careful regulation of 
temperature, and the avoidance of curving t>r 
cracking in cooling. The files are covered first with 
a carbon composition to ])roteet tht* teeth from 
becoming cloggtd with the lead in whit'h th<‘v arti 
heated. Half-round fil(‘S havt* to he curved in the 
longitudinal dirt'etion before* they art* hartleneil, in 
ortler to counteract a cuiving which they takee in 
hardening. This initial curving or “camber” is 
dtme in the t)ppt)site tlirectit)n— -that is, it is made 
concave on the balf-rountl side. In a large fib* this 
may amount to | in. Fine filt'S [5] arte smot)tht tl 
by hand to get an abstilutely lt*vi*l stnface. 

Hardening Files, The filt*s an* heated in 
a coke fire or in a bath t)f lead [6], tho first bi*ing a 
]>hase of practice now disappt*aring. '^rhe teeth w^erte 
protectctl by drawing the filt s through beer grounds 
or 3 'easi, followetl l)y thawing them through a 
mixture of commt)ii salt w'ith roast<*d anti pow- 
dered cow's ht)of. The fusion of tht* salt indicates 
the proper heat ft)r hartlening, which coiTt'sj)t)ntis 
W'ith a eherry-reti. lVt‘vious to this, jit a dull retl, 
correction is made, if necessary, by straightt iiing a 
bent file across twt) blocks of lead, using a lt‘atl 
hammer in ortler not to tlamagt; the tt*eth. The files 
an< hartlcned by tiuenching in brint*. 

When the files are hcatetl in a lt*atl bath, they 
fioat, and thtj workman puts them in and removes 
them in rotation, It'aving them in long enough for tht* 
heat to penetrate. They art^ quencheti in brine. 
Thence they arc taken to be cleansed, which is dt)ne 
by a jet of steam directing a fint* stream of santl 

011 the teeth. The tangs are tcmptu’ctl or 8ofttuit‘d by 
grasping the files with heateti tongs, or dipj)ing them 
into a bath of lead, and tht* filt s are finish(*d by 
oiling them. Inspection anti packing follt)w. 

JOSEPH G. HORNER 
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4> 

Algebraic Definition. Reduction to Lowest Terms. Reduction to a Common 
Denominator. Addition, Subtraction, and Multiplication of Fraction^. 


ALGEBRAIC FRACTIONS 


FK>VCTIONS 

79. In Article 70 of Arithmetic wo saw that 
to o})tain the fraction wo must divide a unit 
into 7 e(|ual parts and take of them. Similarly, 
irhe.n a ami h arc whole 'numbers^ we 

obtain the fractiem by dividing a unit into b 
b 

equal parts and taking oof them. 

It is clear that, with this detinition, the values 
of a and b must bo restricted to positive whole 
nund)ers ; for there would be no meaning in 
the definition if a had such a value as — 4, and 
the value jj. We cannot “ divide a unit into 
5 equal parts ami take - 4 of t hem.” 

We must, thendore, find a definition for the 
fraction which will apply to cases in which 

a and b are not- jiosilive whole numbers. 

Using the definition given, hit ns multiply 

y by b. To do t his we must take each of the 

a parts b times. This gives ((b parts altogether ; 
and, since each b parts make a unit, ab ]:>arts 
will make a units, ^’herefore 


X b - a. ( 1 ) 

b 

Hence we may take for our definition, the 
fraction is the (juaiilitif irhich must be mnlti- 
2tlied b}f b to obtain a. 

Divide both sides of the eipiation (1) by h, 
and wo obtain 


Thus, we may also define the fraction ~ as 
^ b 

the quotient obtained by dicidiny a by b. 

80. As in Arithmetic, the whole theory of 
fractions depends on the following projiosition. 
The value of a> fractnm is unaltered when its 
numerator and denominator are midt^Med by 
the same qm^ntity. 

Wo have already proved, in the last Article, 
that 

X b = a, 

b 

Hence, multiplying both si<le8 of the equation 
by m, we see that 

a I 

-r- X bm— am. 

b 

Thus, is the quantity which, when multi- 
plied by 6m, gives am. 


But, by the definition of a fraction, die 
(piantity wdiich, multiplied by 6m, gives am, is 
am 

- Hence - •» 

bm 


a am 
b bm 

so that, for all values of a, 6, and m, the value 

of the fraction is unaltered when we multi- 

6 

ply both numerator and denominator by m. 


81. Wo have proved that — . But, if 

6 bm 

we divide both numerator and denominator of 

am 1 I i • a 

by m we obtain — . 
bm 6 

Thus, the value of a fraction is unaltered if 
wo divide hoih numerator and denominator liy 
the same quantity. 

82 . Reduction to Lowest Terms. A 

fraction is said to bo in its lowest terms when 
the numerator and denominator contain no 
common factors. Hence, to reduce a fraction 
to its lowest t(U*ms, we must divide numerator 
and denominator by their H.C.F. 

If the factors of the numerator and denomi- 
nator can be easily found, the common factors 
are obvious, and can then be rejected. If the 
factors cannot bo found by inspection, we find 
the IT. (IF. by the rule of Art. 69, and then 
divide numerator and denominator by the 
H.O.F. 


Example 1. Bcduco 

14/-i/^2 


21xyzr^ 

to its lowest terms. 


The H.U.F. of the numerator and denomi- 
nator is 7xyz. Dividing the numerator by 7xyz 
we obtain 2xi/ ; and by dividing the denominator 
by 7xi/z we obtain 3’:*'*. Hence the given fraction 

is equal to 


Example 2. Reduce 

H- Bar y - 

14i/ 

to its lowest terms. 

Resolve the numerator and denominator into 
their simplest factors, and then reject those 
which arc common. Thus 


-p Gxy - 7y’^ _ (x + 7y) (x - y) 
4- 9xy + (x -h 7y) (x + 2y) 

= ^ Ans, 

x+ 2y 


ARITHMETIC, ALGEBRA, SIMPLE GRAPHS, EUCLID, AND TRIGONOMETRY 
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’ Example 3. /Reduce 

^ a:^ -5a;^~8a^4- 12 
• x^ix'^ + lx- - lx -f-'6 

U) its lowest terms. 

In cases of this sort, before resortins; to the 
H.O.F. rtile, always try whether any factors can 
be'(!oui}^by the Kemainder "Fheorem [Art. 65]. 
In this example, tlie numernt<»r vanishes wdieii 
put a: = 1. Hence x — \ is a factcjr, and we 
ave 

V ' — 5a;2-v8a: 12 = x^ (x - 1) - 4x (x — 1) 

- 12 (x-1) 

— (X - 1 ) - 4x - 1 2) [Art. 

65, Ex. IJ 

" = (x-l)(x+ 2)(x-0). 

We havQ now simply to try which of tliesc 
factors diodes the denominator. We find, by 
substituting X = 1 and x — fi that the denomi- 
nator vfinishcs, but that it docs not vanisli for 
the value x — — 2. Thus (X - 1) (x - 0) is a factor 
of the denominator, , ; 

By actual division, 1) (x - 6), or x^ - Vx + 0 
divided into the denominator, gives x^ -h 1 for 
quotient. 

Or, the same result may bo arrived at in a 
manner similar to that of Art. 65, Ex. 1. Thus 

X* - 4* 7x‘^ - 7x -f- 6 = x‘^ - 7x 4- 6) + 

-7x-f 6) 

- (x2-7x 4* fi) (x‘^4- 1). 


Hence, the given fraction 

= h2 )(.r-(>) ^ X 4 2 

(x - i) (x - 6) (x- -f 1) X- 4 1 — “ 

EXAMPLES 23 

Reduce to their lowest terms 


^ 2H(i-br'^ 

\\:Wc 
2 12ftNtVy 

n — ah 


4. 

5. 

6 . 


- 1 - 2a + - 2a? 

* 2~4a 4*7i‘^- 2a3* 
g 1 4- - 18a6 

iOa’‘“Vv‘‘* 4 ^ah'^ - 40'^ 


9. 


X* - 13x‘^ 4 36 
x^-x‘’-7x‘-^4 x4 6* 


X* — x* 

x’^~4 x‘^‘ 
u? - ox 4 6 
X- 4- 3x 
x‘'*-4x- 21 

X- - 3x - 18* 


10 . 


8x^-10x--16x~3 
6x* — 22x‘* 4 Six*^ — 23x - 7* 


88. Reduction to a Common Denomi- 
nator. We have seen [Art. 80] that the value 
of a fraction is unaltered when we multiply 
both numerator and denominator by the same 
quantity. Hence a fraction can always be ex- 
pressed with a tlenominator which is somo 
, multiple of its original denominator. It follows, 
therefore, that any number of fractions can be 
expressed with a denominator which is some 
cmmnon multiple of the original denominators. 
There is generally a saving of labour if we use 
the least common multiple. The process is like 
that explained for Arithmetic [page 935 J. 


Example. Jleduco 

^ , find .,‘■•^--5 

x-y x+ y X“4 

to a common denominator. 

The L.C.M. of x-y, x-\- j/, and x'^4s/^ is 
i^ — y) 4 y) (x“ 4 y~). Divityng the first 
denominator, x-y, into this common denomi- 
nator, we obtai^n (x4 y) (x; 4 i/) for quotient. 
We must, thiirefoiv, multiply both, numerator 
and denominator of the first fraction by (x 4 y) 
(x- 4 1 /"^). Similarly, we must multiply numera- 
tor and denominator of the second fraction by 
(x — y) (x“4 |r), and of the third fraction by 
I- ]/)• 3’hus, wi‘ obtain 

1 _ _(x 4 //) (X- 4 y ) ^ x^_4 xq / 4 X i/ 4 »/ ' 

x~y {x~y) {.v b j/) (x- 4 y-i) 

I _ (x - y) (x- 4 7/-) , ,X^ — xhj 4- X//2 -- 

^■¥y {a;4//)(x-y)(x-4r*)' x^-‘y* 

".V „ '^y i'X — y) {x + y) _ 2x-y - 2y‘‘ 

X- 4 - y ' (x- 4 y-) (‘K-2/) (.» -b y) - y* 

84. Addition and Subtraction of 
Fractions. If two fractions have the sane- 
denominator, their sum or their difierenoe will 
have tliat clenominator. The numerator is 
formed by taking the sum, or the difierence, of 
the numerators. Th(‘ rc!sult must be reduced 
to lower terms, if ncci'ssary. Thus, the sum of 

the fractions ami — - is which 

a 4 5 a \' b a 4 0 
reduces to 1. The ditlercnce of the same two 

fractions is — 

a 4 - b 

If the fractions have not the same denomi- 
nators, we first reduce them to a common 
denominator [Art. 83] and then proceed as 
above. 


Example 1. Find the value of 

-l_+ _i_.. 

<(-2 « + 2 


The L.C.M. of the denominators is (a — 2) 
(a 4 2). Hence, 

1 1 f( 4 2 a - 2 

o'- 2 tt 4 2 (a'~ 2) (a 4 2) (a^2) (a 4 2) 

a4 24</ — 2 

(a - 2) (a 4 2) 


2a M 

-J- A 

fr-4 — 


AVhen there are several fractions, some of 
^^hich are to be added, and some subtracted, 
the method is the .same. 

Example 2. Find the value of 

2_ 3 4 

X* - i x^ - 4x 4 3 X'^ - 2x - 3* 

The given expression 

^ 2 3 4 

(x-l)(x4l) (x-J)(.r-3) (x4l)(x~3) 

_ 2 (X - 3) 4 3 (X 4 l)- 4 (x-_lj 
(x-1) (x4 1) (x-3j 
_ 2x — 6 4- 3x 4 3 -4x4 4 

>-1) (x4 1) (x-ay 

x4l ^ 1 1 

(x-l)(x4l)(x~3) (x-l)(x~3) x*-4x43 

Am. 
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Sometimes it is l)etter nf)t to reduce all tho 
fractions to a common denominattjr at once, as 
in the followinf^ example : 

Kxample 3. Find tho value of 

1 _ 1 _ 

a — X a -f- X a~ H- x* o M- .r*’ 

'J’akinj^ llie first Jwo fraciiojis wtj h*iv(; 

1 _ 1 (o i- x) - {a - .)•) ‘Jr 

(( — X <t 1 X n‘-x- (i^ — x‘ 

Next, takii this lesult ami llie third (»f (he 
^ ^oven fractions, thus 

2x ^ '‘lx l!.r((t- \-x-) - 2.r(o“-F-) 4F* 

a- ~ x“ a* \ x'^ — ;r‘ o* -.r^‘ 

Finally, tlie result just ohtained, and the last 
fraction, give 

4.r’^ _ 4x^ 4x' {a^ -[ :r*) - 4.r ' (a‘ - .r*) 

a* - tt* -1- :r^ - .r'' 



85. We have detined the fraction ^ as the 

b 

(juotient obtained by dividing a by b. lint, by 
tlie rule of signs, the same result is ol)faim‘d 
\Nlien we divide -a by - ft. 'riiat is, 

(t (I 

ft " ~// 

Ifence, 'if (he sitfus <»/’ fto/ft nntnrmtny and 
ibniotn iiiotor hr rhduijrd^ (hr of (hr irlmlr 

fractiini is liiadtrrrd . 

Again, the fracti(»n is the nuotii-nt 

ft 

obtained by divi<ling - </. by ft. MMiis (piolituit, 
1)> tlui rule of sign^, is of o[)posite sign to that 
)l)taiiu‘d by dividing a by ft. '^riiat is 
- a _ _ ft 

ft ' ft ■ 

Tn a similar way we see that 
ft _ a 

-ft ft' 

Hence, if thr sitpi o/ rillirr (hr iwtmrrfttor or 
(hr (boifonliottor hr rhfoojrd^ (hr sif/n of (hr ivho(e 
frftrdioi frill hr rlutffifrd. 

Kxampli^ : Simplify 

“ ' <> + 

{a ~ ft) (a - c) (ft - c) (ft - a) (c - o ) (r - ft)’ 

Here, altlmugli there are apparently six difler- 
ont factors in tin* denominators, we notice that 
three of them are obtained fn)iii the other three 
by changing tlu' signs. Thus ft — a is simjdy 
a — ft with the signs changed. 

We therefore writi* .tln]^six fa<*tors in VycUc 
Ordrr i.c., we write them s(> that c always 
follows ft, a ahvays follows c, and ft always 
follows (tj thus ft — r, r - a, a — h. 

In the present example wo must change tho 
sign of one factor of the denominator, writing 
(c — a) instead of (u- — c), and so on. This, of 
course, changes the sign of tho wdiole fraction. 
Tlius the given expression 

__ fl ft _ c 

(a - ft) (c - a) (ft - c) {a - ft) (c - a) (ft - c) 
= (b — c) - ft (r — g ) — r ( a — ft) 

" (ft -c) (c - (/) (a -ft) 


— aft 1 ra - ftc + ah - ca -1- ho 
(h-r) (c~a) (a -ft) ^ 

0 


(h-f)(r-ti)(a-b) 


- 0 J ?}.<?. 


EXAMPLES 24 

Ileducc to their simplest form 

1 . 


rr - // _ 

.r + // ^ :ir - 2 

X < // 

X - y ' d.r -b L 

1 , 

lx d.r- 


(jfl)- (.r + lV 

1 

ly _.r- t if 

X4-II 

x-y .r- - if' 

i- 

x4-a ^ x’-oif 

x + ft 

X - a X- - id ‘ 

o 

1 

o,, 1 

a.~ 1 a. 

a ’ - a 1 a ' i a 


1 o o 

1 1 r 1 i r‘^ 1 1 4* 

__1 4 

2 2 1 

!( 

.r -• ly X -f ly x 4- //* 

0-4 

a. \{i ^ ' c 

n- ra 

h b 2a ' r>a - d lar- - 

ft f 

r c -I- a 

(a - (>) (a r) (ft - c) (ft a) (c 

1 I du. 

1 do 22a -d 

d - a 

‘i-pa f/" — q 

a- ( ,v f •. 


('/ 1 -V- 

;r- (:r \- xf - if (.r 


4. 

5. 

6 . 

7. 

8 . 

9. 

10 
11 
12 

86. Multiplication of Fractions. La 


ou - 1 
a p ft 


and 


be two fractions, and let x cteiioH 


their product - x Then 
ft (/, 

xxhxd - X xhxd. 
ft d 

=(;;x/.)x(;,-xd) 

Binco the factors of a pn)duct may be taken in 
any order [Art. 22J. 

But ' ft--(/, and -^ x r/ -- c [Art. 79 1. 
Thert'fore 

xlfd-ftr; I 

or, X is the quant ity whicli gives nr wluui mull 
plied by bd. But from tlu* detinition of I 

fraction is that rpiantity. Hence, 


i^r, 


l)d ’ 
c nr 

bd' - 

Tli(‘refore, thr product of (wo frnctions i.f ^ 
fraction whwe numerator is the product of 
numerators of (he. fractions and whose denon4f\ 
nator is the. product of (heir denominators. 

The ])roduct of any number of fractions 
fornu'd in the same way. Thus 
a c e _ace 

T "" d 


H. J. ALLPORT , 
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